APPENDIXF
Silliker, 1969

DWT 16336365v1 0066050-008US2

National Beef Ex. 1007
Page 1174



AN EVALUATION
OF THE
SALMONELLA
PROBLEM

& Heport of the

U5, DEPARTMENT Op AGRICULTURE

and the

PFOOD AND BRUG ﬁﬁﬁlNZQTgﬁ?iQﬂ;

U.S. DEPARTMENT OF HEALYH, EDUCATION, AND WELFARR

prepared by the

COMMITTEE ON SALMONELLA
BIVISION OF BIOLOOY AND AGRICULTURE
HATIONAL RESSARCH QOUNCIL

NATIONAL ACADEMY OF SCIENCES
WASHINGTON, B.C.
1989

ational Beet Ex. 100
Page 1175



AT ALtk

Lo - Prefac

At the regt
v Food and
through a ¢
salmonelia
the view of
B relating
lar sttoniio
the foud pr
ermment in
for broad ¢
sonciise @
tar activithe
ov the Pos,
the Commi

The Cor
admdnistral
fions, In w
with a wea
fully ackno

The stw
U80a 12
[,

‘{j x(;z,?.?

Publication 1883

Avallable from

Printing and Publishing Offlee
Pisthomud Acadeny of Stlens
3161 Constitntion Avenue
Wisshington, 1.0, 20418

Library of Coupress Catalog Card Mumber 76500463

Page 1176



Appendix D

“Wet Compositing” as an Approach
to Control Procedures for the Detection
of Salmonellae

Siltiker (unpublished) hue sonducted & feasibility study of “wet com-
positing” ag an approach 1o control procedures for the detection of sak
monella. His results are summarized here,

The samples involved in the study were dried foods and foeds that
wore being analyzed for salmonelise as a part of guality-control pro-

prams All samples were pre-enriched for 18-24 hours 8t 35°C before

subcubture. The nature of the pre-ensichment medium varied deprding
on the vature «f the samiple. For example, dried milk samples wore en
viched In water containing brilllamt green, dried egks in Jactose broth,
sendered animal by-products in lastose broth containing terghd, and
candy In reconstituted nonfat dried milk containing brilllant grees,

The pre-enrichment cultures were suboultured in teteathionate broth
containing brilfiant green, Approximately half of the samples were sub.
coltured into cystine selenife broth, o addition iy telrathionate broth
The selective broths were incubated at 33°C for 24 hours, at which time
the cultures were streaked onto brilffant green, 38, and bismmth selfie
agars.

After incubation, the selective agars were examined for suspect salmo.
nells colosies. These were studied and identified using conventional Wo-
shemical and serological procedures,
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To evaluate the “wot compesiting” approach, incubated pre-sarich-
ment cultures were rendomly segregated in groups of 18, Within each
group of 10, then, 8 variey of difforent samiples wore represerted. Hach
of the 10 samples was subsequontly analyaed secording 10 routing pro-
sedures as described sbove. In the “wet compositing” techaioue, 1 mi
from each of the 10 enrichment cultures was infroduced inte 10 ml of
doublo-strength selective medium. This “wet composite,” representing
10 rundomly sclected samples, was then analyzed a5 a single amt, vsing
the procedures described above. Those samples that would ordinarily e
subcultured in tetrathionate broth only were “wet composited” onldy in
tetratidooate broth. On the other hardd, from these samples that wers
analyzed wsing both tetrathionate and sulenite broths, “wet compogites™
were prepared in both selenite and wetrathiosats broths, The “wet com-
posiies” were then analyzed using the procedures deseribied above,

Table DU swmmerizes resnlts obtained in the analysls of 106 “weat
composites” representing a total of 1,060 individual samples. Thirtrnine
composites were pogitive for salmonells, 66 negative. o soven Bstancey
{designated false negative), one or mote of the individual samples com-
prising the “wet composite” yiekied salmonellas. Interestingly, in one
case (designated false positive] the “wet composite” was positive for
salmonella, gven though the analyeis of cach of the 10 samples compris.
ing the composite was negative,

TABLE D Sensitivity of “Wet Campositing” for Salmeonsils Detection

No compasites 1as

Mo, composites positive 39
Mo, composifes negative &5
No. fnlee negative composites® 7
Mo, $alse positive comperites® i

* Fulee negative Indloates failure 1o Bolate salinoneliae from the “wet componiie”
even thongh one oy more of the 10 components was fousd positive,

* Fabe positive indioatas “wer enmposin” was found positive for salmonelly, eves
though snch of the 10 components was found negative.
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idoks Yechnology, Inc.
Salmonelia LY Food Security System
for the RARLD® 1Y

Cat. No. ASAY-ASY-0118

PTM Status: March 2008

Certificate No.: $30803

Sunwmary
The Saimoneiia UI' Food Security
System {FSS; Figure 1} is a rapid detec-
tion method for Salmonelia that combines
sensitive, rapid, real-time polymerase
chain waction (POR} with simple sample
preparation. The PR process 1akes only
35 min and the entire procedure only 17
h. The method involves a 16 b sample
enrichment using traditional media,
sample precessing by cell lysis (0 release
DNA, rehydration of freeze-dried assay
reagents, BNA amplification (PCR) In
the 1daho Technology (Salt Lake City,
Utah, USA) RABLD. LY instrument, and
auiomatic resulf interpretation by the
EAPLD, LT FBS
software,
The ABAC
Research

Figure 1. Salmanella 1T Food Security Systom.

{nstitute certified the Salmonella LT
V88 as a Perfprmance-Tested Method™
in March 2008 {Ceriificate No.
030803}. 1daho Techneology, Inc, {ThH
developed the Salmonelia LT FSS to
enable fast, siraple, inexpensive testing
for Saimonelia-contaminated foods. I
uillized exgerience with patented rapid
thermocycling technoiogy, real-lime
PCR detection systems, and pathogen
detection for the military (o design &
cusiom systen for the food industry,
The FSS is approved for both single aud
ponied samples. To quality for AGAC
approval, the Safmonella FSS was
evaluated for seasitiviy, specificity, rug-
goedness, and stability of reagents.

This report describes the evaluation
of the Saimonetfa LY PSS compared o
reference methods in three foods: cooked
hamn, raw chicken, and chiocolate.

Rathod
See Figure 2 for an outline of the
Salmonellz UT ¥SS method.

Earichment
The senaiiivity of POR allows
for a shorier enrichment time
than standard detection meth-
ods, One colony forming unit
{CE) of Saimonella in
25 g of food can he
detected afier only
186 b of envichment
using traditional
media {buffercd
pepione water or
nonfat dry milk with
beilfiant green) at

ing the
Performance-Based
Validation

37 . Alter enrichment, up o 5 samples
can be pooled for analysis. See the pool-
ing section below.

Sample Processing

DNA is exiracted from the
Saimaonefia bacteria by mechanical
cell lysis. Bead tubes for mechanioal
fysis are contained in the Salmonelia
L1 test kit, The bacteria are lysed
either directly after enrichment or afler
cell concentration with the MATRIX
MicroScience PATHATRIX® Systen.
The direct method includes a dilution
step 1o remove PR inhibitors before
amplification {referred 1o as POR-only).
The PATHATRIX is useful for isolating
Saimonedia from dirty food backgrounds
that may interfere with detection.

Frecze-Origd Reagents

PCR s stple with the RAPID LT
88 because all PCR components
are included in easy to use freeze-
dried reagent vials contained in the
Salmonedia LT test kit, Freeze-dried
reagents are stored ab oom tempera-
ture. The pocessed sample is used o
rehydrate freeze-dried assay reagents
with & buffer, and the mix is added
directly to a PUR vessel.

FOR

Real-time DNA amplification (PCE}
eCurs in the ldahio Technology RABLD.
LT estrement, Safmonaeffa U7 has wo
fevels of specificily. PCR primers spe-
cifically amplify Salmonella DNA that
is then delected by specific fluorescent
probes that ondy detect Salmonella. Thus,
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Tabis 1. Methoed comparison resulls: Individual samples
Matrix inooulating {evel MPN, Samples Salmoneila Gonfirmed Reference positive
grganism GRyias o LT positive positive {pairsd samples)
Raw chicken  Salmonellz Low <18 20 13 13 13
typhimurium Control g & iy Y g
Cooked ham  Safmonellz Low <f}.8 20 7 7 7
gnteridit Control 3 g g E 0
Cooked ham®  Salmonella Low 2.3 20 13 13 13
typhimurium Contral 3 5 { g 0
Chocolats Satmonelia High 16.8 20 17 17 17
senfienberg Low 0.8 20 8 8 g
Low <{1.8 20 1 1 1
Control ] 15 g 4 {

& MPN = Most Probabls Number, ? independent iaboratory resuits,

fuorescent detection only ocours if a
Saimonella target s amplified. The freeze-
dried reagents alkoe contain an interal
ampiification controf 1 enswre that ampli-
fcation is successiul, The RAPLD LY
nstrament i3 faster than traditional PCR
instruments {35 min versus 3 h} because
it uses air thermooyeling W heal and cool
the sample.

Fingl Result

Resulis are regorted by the RAPID LT
FSS software as “positive” or “negative.”
The final result is determined within about
17 b from the beginning of enrichment,

Pagling

Post-carichment sampie pooling is an
excellent way 10 increase throughput and
decrease coste, A 501 pocling approach
enables the cost per lest 1o approach that
of traditional methods, reducing PCR assay
costs by up to 80%, when most samples
are negative, Samples are individually
enriched and then pooled tnto 2 composite
sample, while preserving the individuad
samples in case of g positive. The com-
posite sample is tested as a single sampls.
if the composite sample is positive, the
ndividually endohed samples may be
retested to deltenmine which of the samples
is positive. Relesting takes fess than 1 B
pecause of the short 35 min PCR nm. In
the Saimoeneila UF FSS evaluation, ponled
samples yielded the same results as indi-
viduat samples with no false negatives,

Valigation Results

With both individual and pooled
samples, the Salmonella UT FSS8 dem-
onsirated 100% sensitivity and 100%
specificity for the three different food

tvpes {cooked ham, raw chicken, and
chocolate). Lach sample was grown in
standard media and tested with both
the Saimoneiia LT ¥SS and the refer-
ence methed.

The ¥SS also proved to be rabust and

FDA Bacterivlogical Analytical Manual

{BAM: 1) and USDA Aicrobiclogy

Labavatory Guidebook (MLG; 2). A

total of 25 sampies per food ype were

prepared for primary enrichment in the
{Continued oo page 77}

reproduoible. The
ruggedness study
demonsirated thay
the system pro-
duced consistent
resulis with vari-
ability in reagent
preparation time
and sample vol-
umes. Lot-lo-lol and
shelf-life studies
demonstrated that
the Safmonefia I}
produced consistent
results with several
lats of reagents pro-
duced at different
times.

Method Comparison,
individual Samples
The Salmoneils
LT FSS is as senst-
five as the USDA
and FDA reference
methods at low
inocuium levels
inn raw chicken,
coeked ham, and
chocolate. Kesulis
4r¢ summarized
in Table 1. The
Salmonetia U
FSS was com-
pared to reference
methods from the

P app Qseh S =)
Somosiar g Wi Uneoi st i
i b

g b e

wana B0 adber Lo sune
i

Rougra s B & P
KL A

FERARGIE

igure 2. Salmonellz LT FSS meihod workflow,
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 REFEREE

Performance-Testied Method® Slatus

Continued from page 77,

recominended broth according to the
referance method. Twenty samples were
moculated with 3 low level of target
organism {approximately 1 CFU per 25
g food sample), while B samples were
a0} inconlated. Cooked ham and raw
chicken samples were (noculated with
Hauid culture and allowed to equili-
brate at 4°C for 48-72 h. Chooolate
samples were melted, ingculated with
figuid culture, aliowed 1o harden at
room temperature, and equilibrated at
room temperature for 2 weeks. Faoh
food matrix was lnoculated with a dif-
ferent Safmoneils enterica serovar
{se¢ Table 1). These serovars have
been responsible for foodborne iliaess
or associated with recent outbreaks.
Each sample was tested with both the
reference method and the Salmonedia
LT S8 PCR-only protocol {no cell
concentration with the PATHATRIX)
aince they both use the same primary
enrichment protocol. This allowed for
2 paired sample analysis. All presump-
tive positive samples were confinmed by
standard plating methods,

Method Comparison, Pooled Samples

The system is sensifive even with
pooled sarples {5 samples combined).
Resulis are summarized in Table 2. Ten
samplies were noculated with a low
fevel of target organism {approximately
1-10 C¥U per 25 g food sampile}, while
40 samples were not inoculated. A 50
ik allguot from each individual positive
sample was combined with 30 mi, ali-
guots from 4 negative samples 1o create
a 250 mL pooled sampile. A total of 10

pools comprised of the 50 individual
sampies werg constructed. Following
2 18 h incubation. the pools were
analyzed with oge {PCR-oaly} or both
{PCR-only and PATHATRIX with POR}
Salmoneiia ¥SS protocols.

Inclusivity and Exclusivily

The Safmonelia LT F88 was able o
detect 121 out of 121 strains tested in
the inclusivity panel. It did nof detect 30
gut of the 30 bacteria tested in the exclu-
sivity panel consisting of closely related
not-Salmoned{s species. Bach strain was
grown in buffered peptone waler and
nonfat dry milk with brilliant green.

Soncisions

The Saimonefia LT F88 I8 as sensi-
tive as ifie USDA and FDA methods
at fow inoculum levels in food, with
indivithual and pooled samples. Out of
a total of 230 samples evalpated in the
study, 126 samples were posiiive with
both the Safmonella LT and the refer
ence method. Sensitivity and specificity
were 1008 for the Salmonefia U K88
with individual or pooled samples, and
with PATHATRIX for pooled samples.
False-positive and false-negative rates
were (%, Sglmonelia UY delected ali
121 Salmonelia serotypes cvaluated. it
detected none of the 30 non-Salmonelia
species tested.

The Salmoneila LT FSS Is a slg-
nificant improvemeni over standard
methods., {b provides resuits signifi-
cantly faster, in 17 h compared 10 72 h
for the USDA and FDA reference meth-
ods. The RAPLD LT performs real-time

siaém ‘E‘%a&agy Salmonella 17 Food Secusily Svstem Granted

PR and provides aulemated resulls
in about 30 min {afier enrichment and
sample processing). Resuits are easier
o interpret than standard methods
because the software gives g “positive”
or “pegative” answer. The Saimoneiia LT
FSS is casy to use, with very few sieps
and minimal sample handling, Posled
samples yield the same résulis as indi-
vidual samples. Pooling enables five
times the throughpl al the sams cost.
Based on resulis of the valida-
tion study, the Salmonefia U ¥58 for
the detection of Salimonefia in cooked
ham, raw chicken, and chocolate was
adopted as AGAC Performance-Tesied
Method™™ No. DIBEO3Z.

—S&tephanis Thaicher,
Halelgh Millward,
and Mike Powers

Contributing Writers
stephaniet@idahotech.com,
halcigh@igahotech.com

Mention of trade names or commsrcial products
is for identification ony and does not constilule

- preference over simifar ones not mentionsd,

if you are inferested in submitiing an arficle
segarding & test kit that has been granted
Performance-Tested MethodSM stalus, contagt
Deborah MoKenzie af dmokenzie@aoac.org.

Relerences

{1} .S, Food and Drug Adminisiration,
Bacteriniogical Analy anuai, ibipwww,
clsan.fda.gov/~cham/bam-5.ht
{21 US, Depa icutre/Food
Safely a chion Service, Microbiology
Laboratory Guidebook, hidp/Awww.fsig.usda.
SovPDF/MLG_4_03.pdf

Table 2. Method comparison results: Pooled samples
Matrix insculating Protocot HPN, Samples Saimonelia Gonfirmed Refersnce positive
pryganism GRS g° LT positive positive {paired samples}
Raw chicken  Salmonsiia 18.8 10 1a 10 10
fyphimurium PATHE 18.8 10 10 10 10
Cooked ham  Sadmonella 58 10 10 10 10
enteriditis PATH 5.8 10 10 HE 10
Cooked ham®  Salmonefia 3.8 10 4 4 4
typhirmurium PATH 3.8 10 4 4 4
Chooolale Salmonefla 10.8 10 8 § 9
senfienberg PATH 10.8 10 8 9 ]

& MPN = Most Probabls Number. ® PATH = Cell concentration with PATHATRIX. ° independent isboratory results.
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Exhibit H

Via Electronic Submission
Attorney Docket No.:66090-008US2

PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Applicant: Mansour Samadpour
Serial No.: 95/001,294
Filed: 05 April 2010
For: MODULAR COMPOSITING-MULTIPLE LOT SCREENING

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

Examiner: Brenda G. Brumback
Art Unit: 3991

Attorney Docket No.: 66090-008US2

Date: 31 January 2011

Attn: Mail Stop “Inter Partes Reexam”
Central Reexamination Unit
Commissioner for Patents

P. 0. Box 1450

Alexandria VA 22313-1450

DECLARATION OF MANSOUR SAMADPOUR TO REBUT THE DECLARATION OF
DR. BAILEY UNDER 37 C.F.R. § 1.132
(IN SUPPORT OF RESPONSE UNDER 37 C.F.R. § 1.111)

Madam:

I, Dr. Mansour Samadpour, being duly sworn, say:

1. “Dr. J. Stan Bailey, a citizen of the United States of America, hereby declare and
state: I have over thirty-five years of work and research experience in the area of testing for

microorganisms in foods.

2. “I have a Bachelor of Science in Environmental Health Science, which was
conferred upon me by the University of Georgia in Athens, Georgia, in 1974. 1 have a Master of

Science in Food Science, which was conferred upon me by the University of Georgia in Athens,

Seattle
DWT 16479339v1 0066090-008US2
National Beef Ex. 1007
Page 1185



10

15

20

25

30

Georgia, in 1978. 1 have a Ph.D. in Poultry Science, which was conferred upon me by the

University of Georgia in Athens, Georgia, in 1989.

3. “l have been employed by bioMericux, Inc., the real party in interest under 37
C.F.R. §1.915(b)(8) in the Inter Partes Reexamination of the above-identified patent (hereinafter
"the real party in interest"), since January 2008 as the Director of Scientific Affairs. Prior to my
employment with bioMerieux, Inc., I spent thirty-four years as a research microbiologist
employed by the United States Department of Agriculture ("USDA") within the Agricultural
Research Service ("ARS") during which time I received seventeen USDA Certificates of Merit
and was named "Outstanding Senior Research Scientist of the Year" in 2002. I have taught as an
Adjunct Professor in the Poultry Science Department at the University of Georgia and at the
Department of Food Science at Kansas State University. I have been a Faculty Member at the
"Rapid Methods and Automation in Microbiology Workshop" taught at Kansas State University
where over one thousand scientists from fifty countries have received training in the area of

microbiological testing.

4. “I have authored or co-authored over five-hundred scientific publications in the
area of food microbiology. I am on the editorial boards of Poultry Science, Journal of Rapid

Methods and Automation in Microbiology, and the Journal of Applied Poultry Research.

5. “I have received numerous honors in the area of food microbiology that include

the following awards and appointments:

“a) Chairman of the Food Microbiology Division of the American Society for
Microbiology (1992);

“b) Secretary of the Microbiological Methods Committee of the Association of Official
Analytical Chemists ("AOAC") (1990-95);

“c) Food and Agriculture Organization of the United Nations Expert Consultant on
Animal Feeding and Food Safety;

“d) Fellow of the American Academy of Microbiology (1994);

“e) Technical Advisor to the National Advisory Committee on Microbiological Criteria in
Foods for poultry production (1995 and 2006);

“f) Scientific Advisor to the International Life Sciences Institute, Food Microbiology
Committee (1997 -2008);

DWT 16479339v1 0066090-008US2
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“g) Federal Laboratory Consortium Award for Technology Transfer;

“h) Laboratorian of the Year by International Association for Food Protection ("IAFP"),
(2003);

“1) Fellow of the International Association for Food Protection (2005); and

“J) President of the International Association for Food Protection (2009).

6. “l am a member of the following Professional Societies: Southern Poultry
Science Society, Worlds Poultry Science, Alllerican Society for Microbiology, American
Academy of Microbiology, Poultry Science Society, International Association for Food

Protection, Georgia Association for Food Protection, AOAC.

7. “I have a professional relationship with the real party in interest. In the course of
that professional relationship, I receive compensation directly from the real party in interest for
my work relating to food microbiology. I am not being separately compensated for my work in
connection with this Declaration and my compensation is not dependent on the outcome of these

proceedings.

8. “I have read U.S. Patent 7,534,584 which issued to Mansour Samadpour on May
19,2009 (referred to herein as the "584 patent"). Based on my experience and knowledge of the
relevant literature, it is my opinion that the method of sampling, testing and validating test lots
(or singleunit production lots) for microbial contamination claimed in the '584 patent is an
aggregation of sample-compositing, enrichment, wet-compositing, testing, validation and
optional re-testing steps that were known in the art prior to August 2004. It is my opinion that
each of the steps comprising the claimed method performs its art-recognized function and that
the combination of steps, as defined by the claims, yields predictable results. It is also my
opinion that it would have been obvious to a person or ordinary in August 2004 to have
combined the steps, as set forth in the claims, to improve efficiencies and reduce costs. The
scientific field relevant to '584 patent is the field of microbiology as it relates to the
microbiological analysis of food products and industrial food safety. A person of ordinary skill in
that field in August 2004 would have been involving in developing methodology for sampling,
testing and validating food products for microbial contamination. Such a person would have
possessed either an advanced scientific degree in microbiology, environmental health and safety,
or food science or would have possessed a Bachelor's degree and bad several years of experience
in developing methodology for the sampling and analysis of food products. The person of
ordinary skill would have been familiar with the scientific literature relevant to the

3
DWT 16479339v1 0066090-008US2
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microbiological analysis of food also would have been required to possess a working knowledge
of rules, regulations, guidelines and directives relating to sample preparation and testing

methodology to evaluate food for the presence of absence of pathogenic microorganisms.”

RESPONSE BY INVENTOR:

Dr. Bailey defines a person with ordinary skill in the field as a Bachelor’s degree in

microbiology, environmental health, or food science. Then he decides that the person would
have had several years of experience in developing methodologies for the sampling and
analysis of food products. Then he throws in comprehensive familiarity with the literature,
and a working knowledge of rules, regulations, guidelines, and directives relating to sample
preparations and testing methodologies. This is a fictional construct. In this field, methods
are developed by molecular biologists, immunochemists, biochemists, and classical
microbiologists. People involved in methods development are not the same as the people
who develop sampling plans. Neither of the two groups follows FSIS and FDA directives
and guidelines. Those are done by the practitioner’s in the field. Dr. Bailey’s construct is,
therefore, a person with extraordinary skills in several arts.

It is not valid to simply assert that microbiologists or other practitioners have knowledge of
statistics suitable for designing sampling plans. The preface to Jarvis (1987) states as
follows:

“For many years I have been aware of a lack of understanding of statistical concepts by
biologists in general and microbiologists in particular.”

In other words a person of ordinary skills in the field is either a practitioner (user of
methods), a method developer (to develop PCR, immunochemical, and clinical methods), a
statistician (to develop sampling plans), a regulatory compliance person (to decide how to
address applicable regulations and directives) or a quality systems professional (who
conducts validation studies). Dr. Bailey’s “person of ordinary skill” is necessarily a person

with skills in many arts.

“9a. I have read at least sections 8.4.2 and 8.4.2.1 of B. Jarvis, Statistical Aspects of
the Microbiological Analysis of Foods, 21 PROGRESS IN INDUSTRIAL MICROBIOLOGY
138-142 (1989) (hereinafter "Jarvis") and provide the following explanation of how Jarvis would
have been understood in August of 2004 by one of ordinary skill in the art. By August 2004, a
person of ordinary skill involved with the development of methods for the sampling, testing, and
validation of food products for microbial contamination would have been aware of the

importance of ensuring the statistical validity of such methods, and therefore would have

DWT 16479339v1 0066090-008US2
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consulted a reference like the Jarvis publication, which addresses the statistical aspects of such

methods.”

RESPONSE BY INVENTOR:

Dr. Bailey continues on the basis of the false assumption that there is a person with

ordinary skills in the art that has mastery of sampling method design, designing test

systems, has expertise in statistics, and designs and conducts validation studies.

The Jarvis reference is an obscure reference that deals with statistical analysis of sampling
methods. As the title of the chapter implies it is not an enabling reference. It does not teach
how to conduct the methods, does not provide materials and methods, and does not report
results. Furthermore, when it gets to the section that discusses compositing it does not cite
the enabling references. It also misrepresents the teachings of Silliker, Gabis and Price
regarding method 3 (section 8.4.2) who argue against compositing before pre-enrichment.

“Ob.  Section 8.4.2 describes the effect of subculture volume and incubation times in
the conventional testing of samples for the presence or absence of microbes. See p. 138. As was
the usual practice, the testing procedure involves both "pre-enrichment” and "selective

enrichment stages." /d.”

RESPONSE BY INVENTOR:

Dr. Bailey relies on a series of misrepresentations of the references cited to make his case.

To begin with he fails to explain that the Jarvis section cited here is about testing a single
lot of food for Salmonella. The method in question is the FDA BAM method for Salmonella.
The method requires the use of pre-enrichment for the samples, followed by enrichment in

selective media, followed by detection using plating.

“Oc. Regarding how the samples themselves are collected and prepared, in the
introduction to the chapter, Jarvis simply discloses that the sample could be an "initial food

homogenate (or culture)." See p. 117.”

RESPONSE BY INVENTOR:
In my opinion, either Dr. Bailey either doesn’t understand, or is misrepresenting, the
referenced. On page 117 (APPENDIX A), Jarvis states (first paragraph): “In its simplest

form, the dilution consists of serial dilution of the initial food homogenate (or culture)

5
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followed by inoculation of an appropriate volume of each dilution into one or more tubes of
culture (agar or broth)...”. Within Jarvis, it is the subject of Sections 8.4.2 and 8.4.2.1
which are the prior art relevant to patent ‘584. Anyone with ordinary skills in the art
would realize that a sample description for a given method, would not necessarily apply to
a different method. In this regard, by citing page 117 Dr. Bailey is using a sample
description for a dilution count method for indicators, and incorrectly implying that it is
the sample description for the Salmonella method of Sections 8.4.2 and 8.4.2.1, which are

the core of the argument (the only argument) in Jarvis.

9d. “During the pre-enrichment stage, an initial sample is dispersed in a pre-
enrichment medium and then it is incubated, resulting in a "pre-enrichment culture." See
Example 8.6, p. 139. The incubation of the sample in the pre-enrichment medium causes at least
the target microorganism to grow. /d. Due to the incubation, the pre-enrichment culture has been
enriched in the target microorganism, which in Example 8.6 discussed in section 8.4.2 is
Salmonellae. In August of 2004, it was well known in the art that this type of enrichment would
both resuscitate the target microorganism and cause it to grow to reach detectable levels and

become substantially uniform within the liquid pre-enrichment culture.”

RESPONSE BY INVENTOR:

Neither the definition, nor the function of pre-enrichment has changed from 1960s
(Silliker), 1970s (Silliker, Gabis, Price), 1980s (Jarvis) to 2004 (patent ‘584), to 2007 (Jarvis,
2007). Pre-enrichment is a term of art that refers to an initial incubation of a sample in a

media that will not allow rigorous growth but is instead designed to resuscitate and result
in limited growth of the target organism to a point that when an aliquot of the pre-
enrichment is taken to inoculate the enrichment media, there is 99% confidence that the
aliquot taken will at least contain at least one viable cell of the target organism in the
aliquot taken. In this regard I do not believe that Dr. Bailey is properly interpreting the

text in Jarvis.

I have attached (APPENDIX B) a technical datasheet for lactose broth issued by PML
Microbiologicals, a purveyor of microbiological media. Lactose Broth is the pre-
enrichment media referenced by Jarvis, Price, Silliker and Gabis. The technical sheet for
the lactose broth clearly shows that Dr. Bailey’s interpretation is incorrect when he states:
“The incubation of the sample in the pre-enrichment medium causes at least the target

microorganism to grow.” On the first page of the datasheet, second paragraph of the section

6
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entitled Principle it states:

This pre-enrichment medium is used to provide a higher ratic of Salmonella to
non-Salmonella bacteria after incubation. Lactose is fermented by most non-
Salmonella bacteria while Salmonella does not. A bactiostatic effect on
competing microprganisms is created by the decrease of pH in the medium
produaced by the lactose fermenting bacteria. The Salmonellia will have little
growth during the initial 24 hours of incubation, while the non-Salmonelia will
be utilizing the laciose. As the products of fermentation build, the non-
Salmonella are inhibited and the Salmonella begins its growth phase (24-48
hrs. ) (Emphasis added)

In my opinion Dr. Bailey is misleading the Examiner with his interpretation of pre-

enrichment which does not conform to the commonly understood term of art.

9d. (continued) “Microorganisms in food products often are debilitated because of the
prior handling and processing of the products, but are able to resuscitate and proliferate under
favorable conditions. Pre-enrichment utilizes nutrients and conditions to effect such resuscitation
and growth so that the pre-enrichment culture can be even further diluted at the collective
enrichment stage. Specifically, according to Jarvis, only 1 ml of each pre-enrichment broth will

be added to 100 m1 of the enrichment broth to form the composite.”

RESPONSE BY INVENTOR:
Again, per the lactose broth technical sheet (APPENDIX B) the function of the lactose

broth is to encourage the growth of the competitive flora in order to drop the pH, damage

the acid sensitive bacteria, and provide a competitive advantage to Salmonella cells when

thev are transferred into the selective enrichment broth.

9d. (continued 2) “The table in Example 8.5, on page 141 of Jarvis, shows that it is
necessary to incubate the pre-enrichment medium at least 12 hours to ensure a 99% probability
that any 1 m1 of the pre-enrichment culture that is transferred to the composite includes more
than one viable Salmonella organism. This means that each 1 ml of the pre-enrichment culture
includes viable Salmonella organisms, i.e." the viable Salmonella organisms are detectable and

uniformly distributed within the pre-enrichment culture.”

RESPONSE BY INVENTOR:

Dr. Bailey references a table for Example 8.6 of Jarvis where Jarvis is attempting to

illustrate his main point; i.e. that the function of pre-enrichment is to assure that the
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portion transferred to the enrichment broth contains at least one viable cell. In this
mathematical model, he assumes a concentration of 0.1 CFU/gram or 10 organisms per 100

grams.

Here, Dr. Jarvis also assumes a generation time of 30 minutes in Lactose Broth, an
assumption which is inconsistent with the technical sheet of APPENDIX B, which states
that Salmonella does not begin its growth phase until after 24 h. Furthermore, Jarvis does
not consider the impact of the competitive organisms. Jarvis is engaged in performing
theoretical mathematical calculations and reports his results in a table having a
mathematical frame work. However, right under the table Jarvis explains the reality of

pre-enrichment:

“Once sufficient growth has occurred in pre-enrichment for at least 3 viable
salmonellae/ml medium, the probability of transferring at least one viable
organism in an inoculum of 1 ml or more will be > 0.95, assuming Poisson
distribution, with m=3: 1'(x=0) = 0.05, therefore 1'(:c)-I)= 0.95. However, at
lower numbers, the chances of transferring at least 1 viable organism will be
affected not only by the initial contamination level (x) but also by the volume of
medium inoculated into the enrichment culture. In methods which permit only
resuscitation, not growth, during pre-enrichment, it is essential to use the entire
pre-enrichment culture to inoculate double-strength enrichment medium (Hall,
1975), although selectivity may then be affected by the food constituents.
Obviously the level of salmonellae in the pre-enrichment culture after any given
incubation period will depend upon the cultural conditions used, the initial
contamination level, the extent of sub-lethal cell damage and the relative
numbers and types of competitive organisms in the sample.”

Dr. Bailey elects to use selective portions of the reference in an attempt to present his case
and misdirect the Examiner. Dr. Bailey incorrectly states:

“This means that each 1 ml of the pre-enrichment culture includes viable
Salmonella organisms, i.e." the viable Salmonella organisms are detectable and
uniformly distributed within the pre-enrichment culture.”

Please note that this is the same 1 ml of the pre-enrichment culture that aims to deliver at
least one viable cell to the enrichment culture. Please also note that the limit of detection of
food enrichments by PCR method is 10,000 CFU/ml. A presentation by Dr. Baily himself,
an excerpt of which is included as APPENDIX C, shows an enrichment level of 10E4
(10,000 CFU/mL). It is common knowledge that the limit of detection for lateral flow

8
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9d. (continued) “Microorganisms in food products often are debilitated because of the
prior handling and processing of the products, but are able to resuscitate and proliferate under
favorable conditions. Pre-enrichment utilizes nutrients and conditions to effect such resuscitation
and growth so that the pre-enrichment culture can be even further diluted at the collective
enrichment stage. Specifically, according to Jarvis, only 1 ml of each pre-enrichment broth will
be added to 100 m1 of the enrichment broth to form the composite.”

RESPONSE BY INVENTOR:
Again, per the lactose broth technical sheet (APPENDIX B) the function of the lactose

broth is to encourage the growth of the competitive flora in order to drop the pH, damage

the acid sensitive bacteria, and provide a competitive advantage to Salmonella cells when
they are transferred into the selective enrichment broth.

9d. (continued 2) “The table in Example 8.5, on page 141 of Jarvis, shows that it is
necessary to incubate the pre-enrichment medium at least 12 hours to ensure a 99% probability
that any 1 m1 of the pre-enrichment culture that is transferred to the composite includes more
than one viable Salmonella organism. This means that each 1 ml of the pre-enrichment culture
includes viable Salmonella organisms, i.e." the viable Salmonella organisms are detectable and

uniformly distributed within the pre-enrichment culture.”

RESPONSE BY INVENTOR:

Dr. Bailey references a table for Example 8.6 of Jarvis where Jarvis is attempting to

illustrate his main point; i.e. that the function of pre-enrichment is to assure that the
portion transferred to the enrichment broth contains at least one viable cell. In this
mathematical model, he assumes a concentration of 0.1 CFU/gram or 10 organisms per 100
grams.

Here, Dr. Jarvis also assumes a generation time of 30 minutes in Lactose Broth, an
assumption which is inconsistent with the technical sheet of APPENDIX B, which states
that Salmonella does not begin its growth phase until after 24 h. Furthermore, Jarvis does
not consider the impact of the competitive organisms. Jarvis is engaged in performing
theoretical mathematical calculations and reports his results in a table having a

mathematical frame work. However, right under the table Jarvis explains the reality of

9
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pre-enrichment:

“Once sufficient growth has occurred in pre-enrichment for at least 3 viable
salmonellae/ml medium, the probability of transferring at least one viable
organism in an inoculum of 1 ml or more will be > 0.95, assuming Poisson
distribution, with m=3: 1'(x=0) = 0.05, therefore 1'(:c)-I)= 0.95. However, at
lower numbers, the chances of transferring at least 1 viable organism will be
affected not only by the initial contamination level (x) but also by the volume of
medium inoculated into the enrichment culture. In methods which permit only
resuscitation, not growth, during pre-enrichment, it is essential to use the entire
pre-enrichment culture to inoculate double-strength enrichment medium (Hall,
1975), although selectivity may then be affected by the food constituents.
Obviously the level of salmonellae in the pre-enrichment culture after any given
incubation period will depend upon the cultural conditions used, the initial
contamination level, the extent of sub-lethal cell damage and the relative
numbers and types of competitive organisms in the sample.”

Dr. Bailey elects to use selective portions of the reference in an attempt to present his case
and misdirect the Examiner. Dr. Bailey incorrectly states:

“This means that each 1 ml of the pre-enrichment culture includes viable
Salmonella organisms, i.e." the viable Salmonella organisms are detectable and
uniformly distributed within the pre-enrichment culture.”

Please note that this is the same 1 ml of the pre-enrichment culture that aims to deliver at
least one viable cell to the enrichment culture. Please also note that the limit of detection of
food enrichments by PCR method is 10,000 CFU/ml. A presentation by Dr. Baily himself,
an excerpt of which is included as APPENDIX C, shows an enrichment level of 10E4
(10,000 CFU/mL). It is common knowledge that the limit of detection for lateral flow
devices is in the range of 100,000-1000,000 CFU/mlL

9d. (3) Thus, at the pre-enrichment stage in Jarvis, the sample is dispersed in a pre-
enrichment medium and then incubated to form a pre-enrichment culture, and the pre-enrichment
culture has been incubated under conditions suitable to allow the target microorganism to reach
detectible levels and is substantially uniform throughout the pre-enrichment culture. This
procedure described by Jarvis is typical of known methods for the pre-enrichment and selective

enrichment of salmonella.

RESPONSE BY INVENTOR:

10
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Dr. Bailey again is misrepresents Jarvis. We repeat here the section of Jarvis cited above as

explaining the reality of pre-enrichment under the table on Page 141:

“Once sufficient growth has occurred in pre-enrichment for at least 3 viable
salmonellae/ml medium, the probability of transferring at least one viable
organism in an inoculum of 1 ml or more will be > 0.95, assuming Poisson
distribution, with m=3: 1'(x=0) = 0.05, therefore 1'(:c)-1)= 0.95. However, at
lower numbers, the chances of transferring at least 1 viable organism will be
affected not only by the initial contamination level (x) but also by the volume of
medium inoculated into the enrichment culture. In methods which permit only
resuscitation, not growth, during pre-enrichment, it is essential to use the entire
pre-enrichment culture to inoculate double-strength enrichment medium (Hall,
1975), although selectivity may then be affected by the food constituents.
Obviously the level of salmonellae in the pre-enrichment culture after any given
incubation period will depend upon the cultural conditions used, the initial
contamination level, the extent of sub-lethal cell damage and the relative
numbers and types of competitive organisms in the sample.”

We urge the Examiner to consider this pre-amble paragraph, taken from the previous

passage on page 139, fourth paragraph, of the Jarvis reference:

“Clearly, the possibilities for isolation of specific organisms will depend not
only on the initial incidence of contamination but also on the manner in which
the test is done. A too short period of pre-enrichment may result in no recovery
of stressed organisms, thereby reducing the statistical probability of transferring
resuscitated organisms to the enrichment broth. Too long a period in a non-
selective pre-enrichment may provide opportunity for overgrowth by competitive
organisms, leading to suppression of the organism sought. A hypothetical
example of the effects of incubation time is shown in Ex. 8.6 and 8.7 and in Fig.
8.4.”

This preamble establishes two things: first that the table on page 141 is a hypothetical
model; and second that Dr. Bailey once again misrepresents the Jarvis reference. The

growth of Salmonella in the Lactose Broth is not a sure event, and the outcome is not

predictable, and certainly the Salmonella after the pre-enrichment is not detectable,

according to Jarvis.

e. “At the selective enrichment stage, a 1 ml portion of the pre-enrichment culture
(which has already been incubated) is transferred to a selective enrichment medium (in this
example two separate selective enrichment media). See p. 139. Each selective enrichment

medium is intended to foster further growth of the target microorganism. Then, loopfuls of the
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selective enrichment media are streaked on selective diagnostic media, incubated again, and then
tested. /d. The incubation after streaking on selective diagnostic media causes the target

microorganism to grow on the selective diagnostic media.”

RESPONSE BY INVENTOR:
Dr. Bailey’s submission of the Jarvis reference stopped at page 142. However, material on
page 143 (attached as APPENDIX D) shows that pre-enrichment does not result in the

levels of organisms claimed by Dr. Bailey. Page 143 shows that pre-enrichment results in

only 410 CFU/ml of the pre-enrichment. Considering that the pre-enrichment is diluted
1:10 dilution into enrichment, the initial concentration of Salmonella in the enrichment
culture at the beginning of the incubation is a mere 41 CFU/ml, which is far below

detectable levels.

Only after 18 hours of further enrichment does the level of Salmonella in the enrichment
culture reach 670,000 CFU/ml, and then after 24 hours 43,000,000 CFU/ml. Both of these
Salmonella levels (after 18 and 24 hours) are detectable by any method. Clearly, pre-
enrichment did not accomplish enrichment to detectable levels, contrary to Dr. Bailey's

assertions.

of. “Section 8.4.2.1 describes a modification of the procedure discussed in section
8.4.1 by pooling (i.e., compositing) a plurality of samples at various stages. See p. 141. Method
(2) in section 8.4.2.1 discusses wet-compositing samples after incubation. Id. Specifically,
according to method (2), multiple pre-enrichment series (one for each of a plurality of samples)
are prepared, and then after incubation 1 m1 portions of each of the resulting pre-enrichment
cultures are composited into a 100 ml enrichment broth. /d. Thus, according to method (2), a
plurality of samples that have first been incubated to form pre-enrichment cultures (i.e., enriched
in the target microorganism) are composited. Jarvis discloses that compositing pre-enrichment
cultures after incubation (1) reduces workload and, (2) if a positive test result is obtained,
permits tests to be repeated on stored pre-enrichment cultures to determine which of the pre-

enrichment cultures resulted in the positive test. See pp. 141 and 142.”

RESPONSE BY INVENTOR:

Dr. Bailey fails to mention that Jarvis describes taking a plurality of samples from a single

lot. Also, simply identifying which pre-enrichment culture(s) contributed to a pooled

positive test result is not helpful in that taking additional samples from a lot after a positive

finding is prohibited by government agencies for the purposes of validating a test lot for
12
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release into commerce. My method, in contrast, puts a statistically sufficient number of

samples for validation into each separate enrichment, thereby eliminating the need to take
additional samples and providing a means for retesting of the separate enrichments
contributing to the pool which conforms to regulatory agency expectations and which can
thereby result in release of the lot of food corresponding to the separate enrichment into

commerce.

Jarvis does not say that such retesting is practical, but rather talks about this issue as a
“theory”. Jarvis says: “ Method (2), at least in theory, permits the tests to be repeated on
stored pre-enrichment cultures”. Jarvis qualifies his statement because what he has
retained are pre-enrichments, and as is well known in the art pre-enrichments are unstable.
If pre-enrichment is allowed to continue past the optimum time point the target organism
can be masked by competing microflora. Even if the pre-enrichment is stored in
refrigerator psychrotrophic organisms in the pre-enrichment will continue their growth
and, in all likelihood, mask the Salmonella which is unable to grow at low temperatures.

Jarvis states (page 139, fourth paragraph):

“A too short period of pre-enrichment may result in no recovery of stressed
organisms, thereby reducing the statistical probability of transferring
resuscitated organisms to the enrichment broth. Too long a period in a non-
selective pre-enrichment may provide opportunity for overgrowth by competitive
organisms, leading to suppression of the organism sought.”

Since the time period between pre-enrichment and obtaining a test result in Jarvis is 3-5
days, consistent with obtaining results by cultural methods, the retesting option is purely
theoretical. Jarvis clearly implied that the tests done on the stored pre-enrichment cultures
would be done using the same type of test that was used to test the enrichment broth.
Obviously, since the broth after initial pre-enrichment required a second enrichment step
before the test could be performed, so the stored pre-enrichments would also require this

second enrichment step.

Patent ‘584 overcomes the limitations of using pre-enrichments by using fully enriched
individual broths that are stable and permit immediate testing and validation of the
corresponding lot for release into commerce. Even more significant, when a positive
Salmonella finding occurs in Price, he presents no further options and all of the lot which
was tested must be destroyed. In the patented method, several of the lots forming the
modular composite may yield negative results upon retesting, and because the individual
13
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enrichments were formed on the basis of collecting a number of portions that conforms to a
statistical-based sampling plan a negative re-test result validates those particular lots for

release into commerce.

10a.  “I have read W.R. Price et al., Salmonella Testing of Pooled Pre-Enrichment Broth
Cultures for Screening Multiple Food Samples, 23(4) APPLIED MICROBIOLOGY 679-682
(1972 (hereinafter "Price") and provide the following explanation of how Price would have been
understood in August of 2004 and 2005 by one of ordinary skill in the art. Price describes a
method of pooling pre-enrichment broth cultures into a single enrichment broth prior to plating
and testing. See abstract, FIG. 1, and pp. 679-682. According to the method, samples are added to
pre-enrichment broths. See p. 679 and FIG. 1. Figure land the accompanying text indicate that
the food products being tested by Price were dried products of a particulate or powdery nature.

Thus, Figure 1 shows that Price began with single samples of each food product test lot.”

RESPONSE BY INVENTOR:

Dr. Baily is clearly implying that Figure 1 represents compositing of single samples from a

plurality of test lots, which is a misinterpretation which must be denied by the Examiner.

Price clearly explains that three types of dried foods were used to conduct his experiments.
He acquired undisclosed quantities of egg albumin, cocoa, and nonfat dry milk powder. As
explained on page 679, materials and methods section, he “blended the dry test food with
one of the three dry inocula”. The inocula contained various types of Salmonella.
Necessarily it follows that Price prepared individual samples of dry test food from which he
took multiple portions which were subsequently pre-enriched for his investigation of
pooling. From Table 1 of Price (Page 680, middle of page) it is clear that in his
investigation he examined positive enrichments pooled with various numbers of negative
enrichments from the same dry test food, i.e. a single lot. This can be seen in the column
headings, which are variously labeled as P (P standing for positive), P+5 N (N standing for
negative), P+9N and P+14N under each dry test food type. There is no data presented in

Price where samples or portions from more than one drv test food type are combined.

Thus, contrary to the interpretation of Dr. Bailey Figure 1 of Price (Page 680, top of page)

cannot be interpreted as combining samples from a plurality of test lots.

Price’s work is not based on real samples taken from a lot of food to be tested. He

attempted to mimic a real lot of food by dividing a single batch of dry food into artificially-

inoculated and non-inoculated parts, taking a plurality of samples and inoculating each

sample into an individual pre-enrichment. Price contains no discussion to suggest that he
14
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is doing anything other than attempting to find a more economical way of testing a single
lot of food. Price has three lots of different product that he uses in his experiment. But at

no point does he attempt to combine enrichments representing these different lots of

product. Rather, he maintains experimental separation between the various different

product types and reports the results concerning each in separate columns of his tables.

10b2. “By August 2004, a person or ordinary skill would have understood that such
particulate or powdery products could be mixed or blended until homogeneous, and thus a single

sample would be representative for microbiological testing.”

RESPONSE BY INVENTOR:

Dr. Bailey is making an unwarranted extrapolation. A person with skills in the art and

scientific training would read the materials and methods section of Jarvis and interpret it
as the factual basis of the experiments. It is absolutely incorrect to assert that when Price
takes a quantity of a dry food, divides it into two portions, inoculates one portion, and then
takes multiple samples from each portion to conduct the experiment it is anything but
taking a plurality of samples from a single test lot. The inoculation of a portion of the
quantity of dry food was a means to ensure that the test lot had positive samples when a

plurality of samples were taken.

10b3. “As discussed in Section 2.52 of the "Compendium of Methods for the
Microbiological Examination of Foods," 4th Ed., Eds. Frances Pouch Downes and Keith Ito,
American Public Health Association, 2001 (referred to herein as the "Compendium", for
products such as liquids, the product is mixed until homogenous before drawing a sample.
However, for samples that cannot be adequately mixed or bulk solids or semi-solids, the
Compendium teaches that multiple samples of aliquots should be taken from several areas of the

product to ensure that a representative sample is obtained.”

RESPONSE BY INVENTOR:

Dr. Bailey correctly states that the compendium teaches taking a plurality of samples from

a single lot. But Dr. Bailey fails to mention that this is standard practice, and that the
method employed by Price, Gabis and referenced by Jarvis (the FDA BAM method)
required that each of the samples taken were to be pre-enriched individually. This is what
Price did, this is what everyone before and after him did, and this is what Jarvis referenced
in 1989, and 2007 (page 596, right column, bottom, section entitled ‘iii. My preferred
approach (‘wet’ compositing)’).

15
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10b4. “Thus, in my opinion, if the Price procedure were to be used to assay lots of solid
or semi-solid food products (e.g., beef trim or ground beef), a person of ordinary skill would
have recognized that multiple portions of the test lot would be sampled and composited to obtain

a representative sample.”

RESPONSE BY INVENTOR:

Dr. Bailey’s assertion is false and goes directly against the teachings of Price. Not only did

Price take multiple samples and pre-enriched them individually (page 679, materials and
methods), but also on page 681 he teaches against compositing the plurality of samples

(second full paragraph), and asserts Silliker (1969) on the same subject.

10b5. “As discussed below, the pre-enrichment broths described by Price are individually
enriched by incubation, resulting in pre-enrichment broth cultures. See pp. 679-682, and FIG. 1.
At the enrichment stage, equal portions of each pre-enrichment broth culture are pooled (i.e.,
composited) into a single selenite enrichment broth, thereby forming a first composite of the pre-
enrichment broth cultures, and composited into a single tetrathionate enrichment broth, thereby
forming a second composite of the pre-enrichment broth cultures. See FIG. 1 and p. 679.
Following the enrichment stage, each enrichment broth is streaked onto plates and then identified
colonies are biochemically tested. See FIG. 1 and p. 681. When the test is positive, the saved
portions of each pre-enrichment culture are individually tested to determine which culture or
cultures contributed Salmonella to the composite(s). See abstract, FIG. 1, and pp. 679 and 681.
The individual tests could be done using the same type of test that is used to test the enrichment
broth. A person of ordinary skill in August 2004 also would have understood that negative test
results for the composited enrichment cultures described by Price would validate each of the

samples making up the composite as negative for the target microorganism.”

RESPONSE BY INVENTOR:

Here again Dr. Bailey is making an unwarranted extrapolation. He starts by describing

Price as taking a plurality of samples from a single lot, and then he makes the unwarranted
extrapolation of saying that anyone reading this would have taken plurality of samples
from a plurality of lots and composited the samples from each lot, and then he returns to
Price and continues on. A person with skills in the art would not read Price and expand it
against his teachings. Nothing in Price suggests that testing methods involving multiple lots

are being addressed.

16
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As a matter of fact a scientist with proper training reads a research paper, assimilates the
“materials & methods” section which is the enabling portion of each paper, for the purpose
of gaining the ability to repeat the work. Anyone reading Price will attempt to understand
his teachings, will understand the limitations of his work, and will not try to selectively
choose portions and misrepresent other portions to fit one’s preconceived objective as Dr.

Baily is so aptly doing.

10c.  “Price states that "Salmonella analyses were carried out as described in the
Bacterial Analytical Manual (BAM) except for the pooling of pre-enrichment broths in the
following paragraph." Thus, in Price, the samples that are included in the pre-enrichment broths
are first prepared according to BAM (see paragraph 11 below for a discussion of BAM).

10d.  “One of ordinary skill in the art in August 2004 and 2005 would have understood
Price to require incubation of the pre-enrichment broths for at least the following three reasons.
First, on page 682, Price refers to "the incubation time of the pre-enrichment cultures," thereby
indicating that the pre-enrichment cultures have been incubated. Second, Price refers to "pooled
pre-enrichment broth cultures." See title, abstract, and pp. 680-682. The use of the term
"cultures" implies that the pre-enrichment broths were incubated. This is consistent with how the
term "culture" was used in the art as evidenced by Jarvis, discussed above. Third, in August
2004, it was common to use two separate enrichment steps: (1) a "pre-enrichment" enrichment
step in which a pre-enrichment broth is incubated to cause organism growth resulting in a pre-
enrichment broth "culture," and (2) a second enrichment step that causes further organism
growth.

10el. “In August 2004, it was well known that the incubation of the pre-enrichment
broth cultures disclosed in Price would cause the microorganism to reach detectable levels and
become substantially uniform within each pre-enrichment broth culture at least because a portion

of each pre-enrichment broth culture will be further diluted at the selective enrichment stage.”

RESPONSE BY INVENTOR:
Dr. Bailey's statements are not true. In 2004 and today the status of levels of Salmonella at

the pre-enrichment stage have not changed. It is still at a point where when 1 ml is taken to
inoculate enrichment there should be a 99% chance that there is at least one viable
organism in the one ml transfer portion (the dividability stage). Today, as I write this, the
BAM method still relies on pre-enrichment followed by selective enrichment. The logical
question that needs to be asked is “If at the end of pre-enrichment Salmonella levels are
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detectable, why did Silliker, Gabis. Price, Jarvis, BAM. the compendium, etc. require a

second enrichment step?” The answer is simple, at the end of pre-enrichment there simply

are not enough Salmonella cells to be detected by any method including PCR.

It is also my opinion that Examiner’s assertion that PCR can detect one cell (per Entis) is
wrong. Entis merely says that “in theory” PCR can detect a single copy of a gene in a PCR
reaction, but she drastically qualifies her statement by noting that PCR involves only
microliter scale portions, so that much larger concentrations are practically required to get
a single cell into a PCR tube. There are also the issues of inhibitors and interfering
molecules, and the Poison distribution of the cells in solutions, that put the minimum
detectable limits by PCR at about 10,000 CFU/ml

10e2. “That is, because as little as 1 ml of each pre-enrichment broth culture would be
transferred to each of the enrichment broths (see p. 182), each 1 ml of each contaminated pre-

enrichment broth culture would have to have a detectable amount of Salmonella.”

RESPONSE BY INVENTOR:
The term “detectable” is a term of art, it implies a level of a target organism in an

enrichment culture that gives a positive signal for the said organism using a test method.

Dr. Bailey is misconstruing the terms of art. Jarvis 1989 is seeking dividability, not

detectability, per page 141 first paragraph:

Once sufficient growth has occurred in pre-enrichment for at least 3 viable
salmonellae/ml medium, the probability of transferring at least one viable
organism in an inoculum of 1 ml or more will be >. 0.95, assuming Poisson
distribution, with m=3: 1'(x=0) =.05.....”

10e3. “For every 1 ml of each contaminated pre-enrichment broth to have a detectable
amount of Salmonella, each pre-enrichment broth culture would have had to have been incubated
long enough to allow any Salmonella therein to reach detectable levels and become substantially
uniform. Otherwise, if the incubation period was not sufficient to allow Sa/monella to reach
detectable levels and become substantially uniform, it is possible that a 1 m1 portion of a

contaminated pre-enrichment broth culture might not contain a viable Sa/monella organism.”

RESPONSE BY INVENTOR:
This is another circular argument confusing the 1 ml of the pre-enrichment broth having at
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least one viable cell (dividability) with detectability. This is purely for the purpose of
confusing the Examiner. No person with ordinary skills in the art would reasonably accept

this argument.

10e4. “Furthermore, Price discloses that the saved portions of each pre-enrichment
culture are individually tested to determine which culture or cultures contributed Salmonella to
the composite(s). For the saved portions to be individually tested, any Sa/monella therein must

reach detectable levels and become substantially uniform.”

RESPONSE BY INVENTOR:

Dr. Bailey conceded that: “10c. Price states that ""Salmonella analyses were carried out as

described in the Bacterial Analytical Manual (BAM) except for the pooling of pre-

enrichment broths in the following paragraph."

Thus, in Price, the samples that are included in the pre-enrichment broths are first
prepared according to BAM (see paragraph 11 below for a discussion of BAM). Bailey
leaves out the fact that, per BAM, if anyone was going to test the saved pre-enrichments
they would have had to transfer 1 ml to each of the two selective enrichment broths,
followed by incubation, plating, etc. Again Dr. Bailey misleads the Examiner by confusing
the fact that the pre-enrichment would have needed to contain only one viable target cell,

whereas the patent requires detectable levels.

10f.  “In August 2004 and 2005, it was well known in the art that enrichment broths
(which could be selective enrichment broths) would be incubated to foster organism growth and
that plates would also be incubated to foster organism growth so that colonies of the

microorganism could be identified for testing.

10g.  “In Price, two different enrichment broths (selenite and tetrathionate) are used (1)
because one may be more effective than the other at fostering Sa/monella growth in a particular
sample, (2) because one may be more effective at inhibiting competing organism growth in a
particular sample, and/or (3) for confirming the test results. Because the different enrichment
broths are more/less effective at fostering Salmonella growth and inhibiting competing organism
growth, when inoculated with the same material, the two broths will have different

concentrations of Salmonella following incubation.”

RESPONSE BY INVENTOR:
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Here Dr. Bailey admits that two separate enrichment broths are needed, and are to be
inoculated with the pre-enrichment broth. His problem lies in the fact that if the levels of
Salmonella in the pre-enrichment broth were detectable why did Price, and the rest of the
references (Silliker, Gabis, Jarvis, BAM, The Compendium) continue using the selective
enrichment, a practice that has continued up to the present day? Dr. Bailey’s third
assertion, (3), is false. It is very simple. If you inoculate two enrichments, incubate for

prescribed time, and then plate the purpose is for detection, not confirmation.

10h.  “Price discloses that the pooling of pre-enrichment broth cultures "offers a simple,
yet effective way to increase sample capacity in the Salmonella testing of foods," and that a
portion of each pre-enrichment culture can be retained for later reference so that, if the test of the
pooled pre-enrichment broths is positive, individual tests can be performed on the retained pre-
enrichment cultures to determine which culture or cultures contributed Salmonella to the pool.
See abstract, FIG. 1, and pp. 679 and 681.”

RESPONSE BY INVENTOR:

Price claims that pooling of pre-enrichments of a plurality of samples from a single lot for

testing for Salmonella in types of foods that have incidents of contamination, would result

in reducing the number of enrichment cultures and detection plates. The results presented

by Price in his paper feach away from using pooling in that a person with ordinary sKkills in

the art would immediately recognize that false negative rates for pooling pre-enrichments

of up to 28% (Table 2 pooled pre-enrichments for egg albumin) and 50% for pooling

samples before pre-enrichment, are not acceptable for validating test lots for release into

commerce by any regulatory agency or accreditation body. As an example the USDA FSIS
Microbiological Laboratory Guide (MLG) 5.03 (in effect at the time the patent was

submitted) specifies an upper acceptable limit of false negatives as less than 2%). Anyone

with skills in the art recognizes, and Jarvis (1989, 2007) confirms the fact that the retesting
of the pre-enrichment is to establish the extent of contamination, unlike patent’584 where
the goal is to statistically enable release the negative lots according to a statistical-based

sampling plan.

10i.  “Thus, Price at least teaches that a plurality of pre--enrichment broth cultures
(each corresponding to a sample) which have been incubated under conditions suitable to allow
any target microorganism to reach detectible levels and become substantially uniform, are
composited prior to testing and a portion of each pre-enrichment broth culture is saved and is
individually tested, if the test of the composite is positive.”
20
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RESPONSE BY INVENTOR:

Dr. Bailey misrepresents Price. Price does not teach that pre-enrichment allows for

Salmonella to reach detectable levels, for he would have plated the pre-enrichments and

bypassed the selective enrichments.

I1. "Food Sampling and Preparation of Sample Homogenate." BACTERIAL
ANALYTICAL MANUAL (U.S.D.A. 2003),
http://www. fda. gov/Food/Science Rescarcly/http:/owvww. fda. gov/Food/Science Researchy/
LaboratoryMethods/BacteriologicalAnalytucalManualBAM/ucm063335.htm (hereinafter
"BAM") was a well-known FDA publication that describes a method of preparing samples (and

particular food homogenates) for microorganism testing.”

RESPONSE BY INVENTOR:

This has no bearing on the issues at hand.

12.  “In August 2004, in view of Price's disclosure that "Salmonella analyses were
carried out as described in the Bacterial Analytical Manual (BAM)," the skilled artisan would
have looked to the most recent version of BAM available at that time, which was the 2003
version of BAM.”

RESPONSE BY INVENTOR:

This has no bearing on the issues at hand.

13. “In August 2004 and 2005, serological testing would have been considered an
"immunochemistry-based" testing method. See J. Coombs, DICTIONARY OF
BIOTECHNOLOGY 310 (2nd ed. 1992).”

RESPONSE BY INVENTOR:

This has no bearing on the issues at hand.

14. “In August 2004 and 2005, it was well known that a "selective enrichment” broth
fostered the growth of a particular target organism (e.g., Sa/monella) while inhibiting the growth

of competing organisms.”

RESPONSE BY INVENTOR:
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This has no bearing on the issues at hand.

15. “In August 2004 and 2005, it was well known that "selective plating" fostered the
growth of a particular target organism (e.g., Sa/monella) while inhibiting the growth of

competing organisms.”

RESPONSE BY INVENTOR:

This has no bearing on the issues at hand.

16.  “By August 2004, the Compendium was a standard reference textbook for food
microbiologists. Chapter 2 of the Compendium describes general concepts and procedures for
sampling food products for microbiological testing. I am familiar with '584 patent claims 1, 2
and 17 (and claims dependent on them) which specify that the claimed method be applied to a
plurality of "test lots" or "single-unit production lots." I also am aware that the term "test lot" is
defined in the '584 patent as

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., proximitytime, process

step, etc.) whereby information derived about sampled portions is operationally

applicable to all specimens of the assemblage, and thus to the test lot. In

particular instances, portions are synonymous with specimens.

“'584 patent, col. 5, lines 21-32. I am also aware that the terms "single production unit" or
"single-unit production lot" are described in the '584 patent as 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)." '584 patent, col. 5, lines 33-38. By August 2004, it was common practice
for microbiologists to sample operationally linked production lots for microbiological testing.
The statement in the above quotation from the '584 patent implying that the prior art employed a
"composite comprised of multiple, non-operationally linked single production units (production
sublots)" is an overstatement. Regardless of whether some processors combined production lots
before sampling for microbiological testing, it is also clear that the use of single production units
or lots for sampling was also commonplace. This is evidenced by Chapter 2 of the Compendium.
In that chapter the authors discuss the importance of developing a "sampling plan" and of
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obtaining 'representative samples" for microbiological testing. In Section 2.511, "Sampling Plan"
is defined as "[a] design that indicates the number of units to be collected from each lot and the
criteria to be applied in accepting or rejecting the lot." "Lot" is defined as,

[t]he number of sample units produced in one batch or in some specified period of

time such that the units will be about the same quality. Each lot or batch should

consist of units of product of a single type, grade, class, size, and composition.

The lot should be manufactured under the same conditions and at essentially the

same time.

“Thus, Chapter 2 of the Compendium makes clear that, prior to August 2004,
microbiologists utilized sampling plans that involved sampling a "number of units to be collected
from each lot" and that a "lot" was understood to be a production batch consisting of
operationally linked units. Accordingly, a person of ordinary skill in the art was aware that a "test
lot" or "single-unit production lot" consisted of an assemblage of units or specimens
operationally linked by "type, grade, class, size and composition" and "manufactured under the
same conditions and at essentially the same time." Based on the teachings of Compendium
Chapter 2 and my general experience, it is my opinion that the sampling of "test lots" or "single
unit production lots" by taking a plurality of portions and combining (compositing) them, as
specified in steps a) and b) of claims 1, 2 and 17 (and claims dependent upon them) was known

and obvious to persons of ordinary skill in the art at the time.

RESPONSE BY INVENTOR:
Dr. Bailey equates the taking a plurality of samples from one lot to taking a plurality of

samples from a plurality of lots. This is an unwarranted extrapolation that strikes at the

heart of the difference between patent ‘584 and the prior art. To make this extrapolation is

simply an effort to cause confusion and mask the difference between patent ‘584 and the

prior art.

17.  “I am familiar with the USDA FSIS Microbiology Guidebook Protocol for the
sampling and analysis of raw ground beef for E. coli contamination, as reproduced as Section
35.243 of the Compendium ("the FSIS Protocol"). In my opinion, by August 2004 a person of
ordinary skill in the art would have understood that the method described in the FSIS Protocol
would be applied to a "test lot" or "single unit production lot" of ground beef, as those terms are
defined in the '584 patent.”

RESPONSE BY INVENTOR:
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This observation by Dr. Bailey continues the effort to cause confusion and mask the

difference between patent ‘584 and the prior art noted in the prior answer to issue 16.

18.  “The FSIS Protocol refers to blending composite samples of ground beef with an
enrichment medium defined as "mEC with novobiocin." In August 2004, a person of ordinary
skill in the art would have understood that m.EC broth was a modified form of EC broth, a well-
known culture medium for the detection of E. coli and that "mEC broth with novobiocin" was a

selective enrichment medium for E. coli.”

RESPONSE BY INVENTOR:
Dr. Bailey does correctly represent the FSIS testing protocol as stated in MLG 5.03, with
effective implementation date of 10/25/02. The FSIS test method for the samples taken

from a lot of food is exactly the reverse of the pooling/compositing process. FSIS teaches to

take a plurality of samples from a single lot, and composite them into one composite
sample. However, at the time of analysis, per MLG 5.03, Revision 03, Section 5.5, five 65
gram sub-samples are taken out of each bag, and each is individually enriched and tested.

This is without any pooling. In other words, FSIS teaches de-compositing and teaches away

from pooling.

19.  “The FSIS Protocol describes a procedure for analyzing a batch or test lot of raw
ground lots on a regular basis. The FSIS Protocol describes sampling, enriching and analyzing
each lot of product being tested. In other words, there is no suggestion in the FSIS Protocol
would be applied to multiple separate production lots or test lots of raw ground beef to produce a
set of separate test lot samples, particularly in large operations producing multiple production
lots on a regular basis. The FSIS Protocol describes separately sampling, enriching and analyzing
each lot of produc.t being tested. [n other words, there is no suggestion in the FSIS Protocol that

non-operationally linked production lots should be combined before sampling.”

RESPONSE BY INVENTOR:

This is a misrepresentation of the FSIS Directive. The directive is aimed at FSIS

inspectors, and prescribes a specific manner of collecting one set of sample from a day’s
production. No one with ordinary skill in the art would extend the protocol. This is a
specified regulatory sampling for FSIS. The sample concept of taking multiple samples
from a single lot is in Price, Jarvis, Gabis, BAM and Compendium. Thus, the FSIS
reference merely overlaps the other references, rather than showing the way toward any
modification or extension or combination. References which completely overlap one
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another cannot be combined to teach something additional.

20. “I am familiar with two articles published J.H. Silliker and D.A. Gabis in the early
1970s: Silliker, J.H. et al., 1973. ICMSF Method . I. Comparison of Analytical Schemes for
Detection of Salmonella Dried Foods. Can. J. Microbiol., 19:475 and Gabis, D.A. et al,

1974. ICMF Method Studies. II. Comparison of Analytical Schemes for Detection of Salmonella
High-Moisture Foods. Can.J. Microbiol., 20:663-669. Silliker et al. and Gabis et al. describe
methods for analyzing dried food products and high-moisture food products (such as meat,
poultry and eggs) respectively for contamination with Sa/monella. of these publications
described taking multiple samples from the lot of food product being tested, those samples in
pre-enrichment media, incubating those media, transferring aliquots to a selective enrichment
media and testing for the presence of Salmonella. my , each of these publications described the
sample-compositing and incubation steps a), b) c) of the claims of the '.584 patent. As discussed
above in connection with Jarvis and Price, pre-enrichment procedures used by Silliker et al. and
Gabis et al. were effective in growing target microorganism to detectable levels. In each
instance, 1 ml aliquots of the pre-enrichment were transferred to selective enrichment broths for
further enrichment and by conventional plating techniques. It is thus apparent that each 1 ml
aliquot had to a detectable amount of the microorganism in positive samples. A person of
ordinary skill by August 2004 would have understood that the Silliker et al. and Gabis et al.
procedures would be applied to “test lots" or "single-unit production lots" of food products and
that such "test lots" or "single-unit production lots" would consist of combinations or
assemblages of separate pieces or specimens of the food product. A person or ordinary skill also
would have understood that the Silliker et al. and Gabis et al. procedures would be applied to a
plurality of separate "test lots" or "single-unit production lots,” especially in large facilities

producing a number of production lots on a regular basis.”

RESPONSE BY INVENTOR:

Here, Dr. Bailey revives the argument that the presence of at least one viable cell in the 1

ml of the pre-enrichment media, as detectable level. Per my earlier comments I believe
that this is a misrepresentation of the art and science. He also fails to mention that the
Silliker 1969 reference used by Price in his article, which was reaffirmed by Price,

specifically prohibits and teaches against dry compositing samples into a pre-enrichment.

Price reports up to 50% false negatives and reaffirms Silliker on this issue. Furthermore,

there is nothing that Dr. Bailey has presented which shows that the Price and Jarvis’s has
ever been extended to any other method in microbiology, or to plurality of samples taken
from a plurality of lots in the manner of my patent claims 1 and 17.
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PML. microbiclogicals
TEQHNEGAL DATA SHEET#IG0O REV. 2

LACTOSE BROTH
INDUSTRIAL APPLICATIONS

PRODUCT DESCRIPTIONS:
Botiled Media: B8445 (225 mb), B8457 {80 mi, wide mouth),

B8458 {100 mi, wide mouth), B8460 (500 mi, Boston Round)
PURPOSE:

l.actose Broth is used for the detection of lactose-fermenting, Gram-negative coliforms, as a pre-enrichment broth for Salmoneila
species, and in the study of factose fermentation of bacteria in general. it is usad extensively in testing water, foods, dairy and
pharmaceutical products.

Sublethally injured salmoneliae may be present in low numbers in dried or processed foods. The recovery of Salmonefla may be
hinderaed by the presence of other bactena as well as components of the food sample. Lactose Broth, a nonselactive medium,
supplies a pre-anrichad environmant, which allows for repair of cell damage while diluling toxic or inhibltory substances, and
providing nutritional advantage to Safmonelia over other bacteris.

PRINCIPLE:
Beef Exiract and Peplone provide carbon and nitrogen sources for general growth raquiremeants, while lactose provides a
carbohydrate source.

This pre-enrichment medium is used to provide a higher ratio of Salmonefia to non-Salmonelia bacteria after incubation. Lactoseis
fermented by most most non-Safmonefia bacteria while Salmonelia does not. A hactiostatic effect on competing microorganisms
is created by the decrease of pH in the medium produced by the lactose fermenting bacteria. The Salmonelfa will have litlle growth
during tha initial 24 hours of incubation, while the non-Salmonella will be ullizing the lactose. As the products of fermentation
build, the non-Salmonelia are inhibited and the Salmonefia begins its growth phase (24-48 hrs.)

FORMULAS:

Approximate, per liter of daionized filtered water,
{1} Lactose Broth

Enzymatic Digest of Gelatin..... 0l 6 50g
Beef EXrach e 3.0g
LACTOBE. et 50¢

Final pH: 8.2 + 0.2 at 25°

3

PRECAUTIONS™

For laboratory use only. Obsarve approved biohazard precautions.

Storage: Uponreceiptsiore at 2-25°C. Media should not be used if there are signs of contamination, deterioration { discoloration),
or if the expiration date has passed. Media can be inoculated up to the expiration date and incubated for the appropriate incubation
period.

Limitations:
Due to nutritional variation, some strains may grow poorly or fail to grow in this medium

PROCEDURE™

Method of Use:
Lactose Broth is used for the pre-enrichment phasea for the testing of food and cther materials, o enhance the recovery of
Saimoneffa. Consult the appropriate references for specific proceduras for each typa of material being tested, 48

1. Transfer a 25 g or 25 mi sample of test material into a container. Add 225 mi of sterile Lactose Broth. Mix as necessary fo
make
a homoganeous suspension. incubate at 35°C for 24 hours.

27120 5W 95th Avenus » Wilsonville, OR 87070 - 800.547.065%
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PML microbiologicals
TECHNECAL DATA SHEETRIOOB REV. 2

2. Transfer 1 mi of suspension to appropriate enrichment broths such as Tetrathionale Broth and Selenite Cystine Broth.
incubate at 35°C for 24 hours.

3. Transfer a loopful of suspension to appropriate selective agar media, such as Heklown Enteric Agar, XLD Agar and Bismuth

Sulfite Agar. Incubate at 35°C for 24 hours

Material Required but Not Provided: Standard microbiological supplies and equipment such as loops, needies, incubator, and
incinerator are not provided.

QUALITY CONTROL:

Microorganism ATCCR # Response
Enterccoccus fascalis 209212 Good Growth
f£scherichia coli 18738 sood Growth
Pseudomonas aeruginosa 9027 Good Growth

User Quality Control: Check for signs of contamination and deterioration.
BIBLIOGRAPHY:

1. Downes, F. P, ito, K. {ads.), Compendium of Methods for the Microbioiogical Examination of Foods, 41 ed.,
Armerican Fublic Health Association, Washington D. C., 2001.

2. Marshall, R. T. {ed.}, Standard Mthods for the examination of Dairy Products, 16™ ed. Amarican Public Healih Associa-
tion, Washington, D.C.

3. U.8. Food and Drug Administration, Bactericlogic! Analytical Manual, 8% ed., ACAC International, Gaithersburg, MD.,
1985,

4. Cunnif, P {ed.), Official Methods of Analysis A0AC international, 168% ed. AOAC International, Gaithersburg, MD., 1995,

5. Franson, M. AL H. {ed)), Standard Methods for the Examination of Water and Wastewater, 20th ed., American Public
Health Assocciation, Washington D. C., 1998

6. U.S. Pharmacopeia and National Formuiary, USP 27, NF 24, The USP convention inc., Rockyille, MD 2004.

*For more detailad information, consult appropriate referances.

PML MICROBIOLOGICALS, INC.

Data #1008

Copyright 2005 by PML Microbiologicals, inc.
Revision Date: 06/20/2007

27120 SW 85th Avenue « Wilsonville, DR 97070 - 800.547.0688
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Via Electronic Submission
Attorney Docket No.:66090-008US2

PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Applicant: Mansour Samadpour
Serial No.: 95/001,294
Filed: 05 April 2010
For: MODULAR COMPOSITING-MULTIPLE LOT SCREENING

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

Examiner: Brenda G. Brumback
Art Unit: 3991

Attorney Docket No.: 66090-008US2

Date: 31 January 2011

Attn: Mail Stop “Inter Partes Reexam”
Central Reexamination Unit
Commissioner for Patents

P. 0. Box 1450

Alexandria VA 22313-1450

DECLARATION OF WARREN MIRTSCHING UNDER 37 C.F.R. § 1.132
(IN SUPPORT OF RESPONSE UNDER 37 C.F.R. § 1.111)

Madam:

I, Mr. Warren Mirtsching, being duly sworn, say:

1. I am familiar with the above-identified patent application, and am aware that it
discloses and claims novel methods comprising sampling, testing, and validating test lots for
microbial contamination. This declaration is to corroborate the declaration of Dr. Samdapour
concerning showing a nexus between the inventive method and commercial success and
additionally to corroborate skepticism amongst clients and others in the art for the validity,
accuracy and safety of Dr. Samadpour’s method. In addition, this declaration provides evidence
of copying by competitors and others in the field. As such, according to 37 C.F.R. § 1.116(e),

this declaration is necessary to respond properly to the action closing prosecution.
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2. I am familiar that the detailed claimed method comprises: collecting a plurality
of portions from each of a plurality of test lots, the test lots each comprising an assemblage of
one or more specimens, wherein each test lot is separately sampled by taking said plurality of
portions thercof; combining the collected plurality of portions corresponding to each of the
separate test lots to provide a corresponding set of separate test lot samples, wherein each
separate test lot sample is attributed to a particular corresponding separate test lot; incubating the
set of separate test lot samples under conditions suitable to allow levels of a target 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; removing portions of each enriched separate 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 microbial agent or
organism, wherein when such testing is negative all of said separate test lot samples are
validated, and wherein when such testing is positive, individual separate test lots may
nonetheless yet be validated by further testing of a portion of the respective enriched separate

test lot sample using the same or a more sensitive protocol and obtaining a negative test result.

ision -at Institutes
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of Environmental Health which I have held since May 2008;-+ sio-the-Safetand-Qualita

the-tresh-babesatosy. | have a Bachelor of Science Degree in in Animal Science from Texas
A&M Unlver51ty My detailed curriculum vitae is attached hereto as APPENDIX A.

4. Previously, in 2004, I was employed by Swift and Company in charge of food
safety. At this time Swift and Company decided to investigate whether the wet composting
technique developed by Dr. Samadpour could be used for testing meat products produced by
Swift.

5. Intially, I was concerned that Dr. Samadpour’s approach would not give the
accuracy of testing to reach a sensitivity to identify the pathogen, due to a “dilution effect”.
Gerome Lawler, then the Director of Food Safety at Swift, was also highly skeptical of Dr.
Samadpour’s wet compositing approach. He questioned whether it was sensitive enough to meet

Swift’s requirements.
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6. To confirm that Dr. Samadpour’s wet compositing approach would work, we
spent a great deal of effort conducting side-by-side cmparsions at Swift's Greely plant for about
six months, from ecarly to mid-year 2004. The tests were accomplished by comparing the
standard old manner that we had been using with Dr. Samadpour’s method. During the test
period we ran about 100 tests per day by the standard old method, and about 400 tests of

individual combos that went into about 100 composites as described in Dr. Samadpour’s method.

7. Our extensive, detailed testing found that Dr. Samadpour’s technique, in fact,
worked. That is, it was sensitive enough to meet the requirements prescribed by Swift. In
addition, Dr. Samadpour’s technique allowed individual combo bins to be validated for release to
commerce even if composite testing of the overall production lot tested positive. The techniques
used prior to Dr. Samadpour’s technique obligated that a positive test results in the entire
production lot of 10,000 pounds be diverted to a low-value use, but implementing Dr.

Samadpour’s approach allowed 2000 pound single-lot units to be saved.

8. Major customers of Swift and Company initially refused to accept product that
was tested using Dr. Samadpour’s methods. In particular, Tyson Company, and their Director of
Safety Dr. Dean Danielson, were highly skeptical. Dr. Danielson challenged the entire concept
of wet compositing as proposed by Dr. Samadpour. Tyson initially stated they would not accept
product from Swift that had been qualified with Dr. Samadpour’s new form of testing. We were
required to supply them with actual results from the Swift tests which proved that the process
was sufficiently sensitive. In addition to Tyson Company, Cargill initially would not accept Dr.
Samadpour’s technique. To convince Cargill that Dr. Samadpour’s technique was a valid and
accurate method for testing production lots, Swift had to put a substantial amount of effort into

proving to them that Dr. Samadpour’s techinque worked.

9. After Dr. Samadpour’s technique was tested internally, Swift and Company
decided to implement the method at its major processing facilities, including the plants in Grand
Island, NE; Greely, CO; Dumas, TX; Hyrun, UT; Omaha, NE; and Nampa, ID. These
implementations were completed in 2007, and Swift has been using Dr. Samadpour’s invention

since then.

10. I further declare that all statements made herein of my own knowledge are true

and that all statements made on information and belief are believed to be true, and that these

3
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statements are made with the knowledge that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under § 1001 of Title 18 of the United States Code,

and may jeopardize the validity of the application or any patent issuing thereon.

Warren Mirtsching

31 January 2011
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APPENDIX A
CURRICULUM VITAE

Warren Mirtsching
Safety and Quality

Warren Mirtsching

5221 Keystone Creek Court
Ft. Collins, CO 80528
Home: (970) 206-4512 Fax: (970) 206-1415 Cell: (970) 692-4061

CAREER SUMMARY

A proven food processing executive, leader, and strategist. Demonstrated ability to change
organizational structures and lead others in new creative directions. Well versed in and capable
of implementing food safety and quality systems. Experienced in consumer package items for
both retail and foodservice trades. Designed and implemented multiple product and packaging
changes to processed and fresh food for global distribution customer base. Comfortable and
able to establish working relationships at all levels from the manufacturing floor to executive
management. Able to adapt quickly to new environments and challenges. Experienced at
evaluating facilities, organizational effectiveness and skill sets, driving productivity
improvements through “Lean” process systems and methodology. Working as a leader and
participant across functional lines for the betterment of the organization, acute at assessing
competitive best practices scenarios due to network of peers, industry, and scientific fields.

PROFESSIONAL SUMMARY

IEH Inc. May 2008 to present
COO Meat Division
Laboratory and Consulting Services

IEH Inc is a laboratory and consulting service located in Seattle, WA. (wwiv.ighing.com)
Current responsibilities are focused on client/customer service for prevention and crisis
management related to the food industry. Development of consistent operating practices to
improve revenue generation while enhancing and broadening customer service. Grow the
customer base through the use of industry knowledge for the improvement of Food Safety
Systems. Collaborate with associated companies to leverage the services provided.

JBS SWIFT & COMPANY July 2007 to March 2008
Oversee Food Safety, Quality, & Regulatory Compliance
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JBS of Brazil purchased Swift & Company in July 2007 and redefined the organization,
making JBS the world largest beef processor and a true global entity. I was retained to oversee
all Food Safety, Quality, and Regulatory Compliance issues for the Beef group in North
America.

- Implemented manpower reduction which generated a $1.7 million savings annually.

- Initiated deep dive into company expenses to assist in a 5% reduction in vendor cost of
doing business.

- Supported the integration of new Brazilian management with business concepts in order
to reduce their learning curve.

- Completed the licensing of a patented micro sampling device.

- Implemented USDA Grading trial on vision technology for improvements to consistency
and value enhancement in the total supply chain.

- Completed the communication of the new single combo testing methods which will
reduce the industry’s product loss/devaluation by 80%.

SWIFT & COMPANY 1997 to July 2007

Senior VP, Food Safety & Quality
North American Red Meat 2006 to July 2007

Senior Food Safety and Quality Executive for Swift & Company’s $8 Billion revenue generating
business in North America, 2™ largest red meat company in the world. Responsible for Food
Safety, Quality, Regulatory and Trade Compliance, planning (annual and strategic), budgeting,
capital spending, and interfacing with Suppliers, Customers, and Consumers.

- Implemented vision grading of beef carcasses to improve revenue opportunities identifying
$5 million annually.

- Solidified Swift’s Food Safety Leadership role through the reduction of E. coli incident
rates by 80%.

- Managed the development of Swift’s Beef Export Verification through vendor and
customer relationships using Quality System Assessment process.

- Pioneered the implementation of single combo lot for trimming saving $750,000 from
testing cost and logistics.

VP, Food Safety and Quality
North American Red Meat 2002 to 2006

Selected to fill the combined position of both Beef and Pork VP Food Safety and Quality.
Accountable to bring the Beef and Pork separate organizations together under a consolidated and
effective direction. Integrate varied practices into a business strategy which supported Sales,
Marketing, Operations, and other support groups. Develop best practices and revenue generating
ideas with sustainable growth and continuous improvement processes.

6
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- Developed “SwiftTrace” traceback & traceforward systems integrating existing I'T
framework to capture an annual $4.0 million net revenue return with a major foodservice
company. Applicable to domestic and international markets for a competitive advantage.
Expandable system to implement Country of Origin Labeling Laws.

- Implemented Matrix system for the consolidation of multiple management programs into
one; consistency of specifications and new product development system for all species.

- Implemented best practices/guidelines/policies which reduced product/process claims by
$1.4 million annually.

- Implemented long term contracts for lab support and sanitation practices with vendors
recognizing a $1.2 million cost reduction.

- Using best practices and consolidation of efforts, gained $1.5 million reduction of recall
insurance over a three year period.

- Identified and implemented industry’s first “Double pasteurization system” in conjunction
with “Multiple Hurdles linked to Standard Operating Procedures”.

VP, Food Safety & Quality
ConAgra Beef Company/Monfort 1998 to 2002

Implement continuous improvement processes and develop best practices in multiple functions
within ConAgra Beef Company/Monfort. Direct P&L accountability for Cow plant Operations,
Trim & Grind Sales, Research & Development, Food Safety & Quality, Logistics and
Scheduling.

- Implemented a strategy to maximize trim/grind complex by $4.2, $2.8, and 2.3 million
annually through aggressive customer and product management.

- Developed “Strongest Chain of Quality” and “Strongest Chain of Tenderness” marketing
programs which brought beef business into a positive customer perception.

- Identified the use of “Operational Critical Control Points” for the consistency of education,
communication, and production of ground beef over four different facilities.

- Instrumental in Customer Confidence related to product quality perception.

Director, Beef Quality Assurance
Monfort 1997 to 1998

Responsible to convert the product and processing quality of Monfort Beef into a competitive
advantage. Implementation of consistency and detailed execution to change the customers’
perception of beef quality and services. Develop a culture within the organization which
eliminated waste and rework, thereby improving competitive costs.

- Drove consistency of product specifications and disciplines into the facilities eliminating
$1.5 million in waste and rework.

- Earned the respect of customers and competitors who believed that Monfort’s beef was not
acceptable and had to be priced low.
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- Managed the organization and development of personnel to be accountable and responsible
for their decisions.
- Earned the respect of the organization and therefore promoted to VP over the entire Beef

group.

EXCEL CORPORATION (Div of Cargill) 1977 - 1997
General Manager, Cargill Processed Meat Products — Ft. Branch, IN  1992-1997

Chief executive for Excel’s $100 million revenue generating processed meats facilities,
supplying a variety of processed meat items for foodservice and retail markets. Responsibilities
included P&L for the facilities, customer and consumer satisfaction, planning (annual &
strategic), budgeting, capital spending, employee retention, safety, transportation, and daily
operating issues.
- Negotiated the purchase of a family owned brand name consumer packaged goods
company in Indiana.
- Successfully integrated two facilities into the Cargill system.
- Implemented reduction in supply vendors through consignment inventory
and consolidated pricing.
- Harmonized raw material supply to match finished product values.
- Developed and implemented formulation & packaging changes to enhance the value of
hams, bacon, sausage, roast beef, lunch meats, and hotdogs.
- Integrated new product formulations to maximize the consumer preference of finished
packaged goods.
- Implemented technology to enhance shelf life of the packaged goods by 50% through
sound science applications and detailed execution.
- Trained the management staff to engage in responsibilities which allowed for total
employee growth of accountability.

General Manager
Excel Pork Customer Service & Processed Meats — Wichita, KS 1988-1992

Selected to fill a newly created dual role accountable for developing and implementing Excel’s
Fresh Pork Customer Service program and growing Excel’s market share in the processed meat
business. P&L responsibility for the processed meat division, including sales, marketing,
manufacturing, engineering, and administration.

- Chaired the Corporate Total Quality Management Committee.

- Negotiated a multi-year contract with major Processed Products marketer for 40 million
pounds annually.

- Linking supply chain management to leverage product position and revenue.

- Oversaw the development and operations of packaged consumer goods to retail and
foodservice accounts such as: hams, bacon, and fresh sausage.

General Manager
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Beef Slaughter and Fabrication — Plainview, TX 1983-1988

P&L accountability for the $900 million Beef slaughter and fabrication business unit with 1400
employees, including operations, engineering, quality assurance, distribution and administration.
Oversaw the implementation of double shifting the plant, adding ground beef, and waste water
revenue program in record setting time.

Simultaneously, oversaw Cargill’s Brazilian operations in Maringa and Jose Bonafacio.

Plant Fabrication Manager — Dodge City, KS 1982 - 1983
(construction of fabrication and startup)

Plant Fabrication Manager — Wichita, KS 1980-1982
MBPXL Corporation — Plainview, TX 1977- 1980

Meat packing — acquired by Cargill in 1979
Various positions including: Assistant Plant Manager; Fabrication Superintendent; General
Foreman; Packing Supervisor; and Technical Services Coordinator

EDUCATION
Texas A&M University, College Station, TX — BS in Animal Science 1977
Commercial Option
PERSONAL DEVELOPMENT

ISO Quality Systems — 2004 - present

Team Building — 1999 - 2001

Sportsmind — Team Building 1995

Total Quality Management 1988 — 2008

Minnesota School of Management for Marketing 1989

COMMITTEES AND ASSOCIATIONS

Beef Industry Food Safety Council (BIFSCO) 1998 — present

North American Meat Association 1998 — present

National Cattlemen’s Beef Association 1998 — present

American Meat Institute 1997 — present
9
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Exhibit J

Via Blectronie Submission

Attomey Docket No. 660900081157

PATENT

IN THE UNITED STATES PATENT AN TRADEMARK OFFICE

3
Applicant: Mansour Samadpour
Serial No.: D5/001 204
Filed: U3 April 2010
I For MODULAR COMPOSITING-M ULTIPLE LOT SCREENING
PROTOCOLS FOR DETECTION OF PATHOGEN& MICROBIATL
CONTAMINANTS AND/OR CONSTITL ENTS
Examiner: Brenda G. Brumback
Art Unit: 39497
i5 Attornev Dacket N S6090-0081182

Date; 3V January 2011

Attn: Mail Stop “Inter Partes Reexam”
Central Reexamination Unit
Commissioner for Patents

20 P.G.Box 1454
Alexandria VA 22313-1450

DECLARATION OF JAMES BYRON UNDER 37 CF.R, §1.132
{(IN SUPPORT OF RESPONSE UNDER ITCER.§1.11 i}

)
L

Madany:

L Mr. Jamey Byron, being duly SWorn, say:

i, Lam familiar with the above-identified patent application, and am aware that it

discloses and claims novel methods comprising sampling, testing, and validating test lots for

30 microbiai contamination.  This declaration i e corroborate the declaration of M. Samdapour
concerning skepticism amongst clients and others
of Pr. Samadpour’s method, As such, according to 37 CF.R $

in the art for the validity, accuracy and safety
L.116(e}, this declararion is

aecossary 10 respond properdy to the action closing prosecution.

2 Fam familiar that the detaifed claimed method comprises: collecting a plurality of

Seattle v
DAWT 164731591 D06SO5(-008132
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portions from each of 5 plurality of est tots, the test lots cach COMPrising an assemblage of one
OF more specimens, whercin each fest lot ig separately sampled by teking said Murality of
portions therpof: combining the collected plurality of portions torresponding W cach of the
separate test lots to provide g comesponding set of separate fest lot samples, wherein sach

LA
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@
e
&
=
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tributed 1o a particular COrresponding separae test Iot; incubating the
set of separate test jot samples under conditions suitable to allow levels of a target microbial
SEent Or organism that is present in one or more of the separate test Jot samples to reach
detectable levels and become unifonn, or substantially uniform, throughout the respeciive ope o
mMOTS separate fest lot samples, 1o provide a set of separate test lot samples enriched for the target

10 microhial agent or organism; TEMOVIngG portions of each enriched separate test iot sample, and
combining the removed portions to provide a modular composite sample; and tesiing of the
madular composite sample, using a switahle detection assay, for the target microbial agent or
organism, wherein when such testing is negative all of said separaie test ot samples are
validated, and wherein when such testing i positive, indivigual separate test lots may

13 nonetheless yet be validated by further testing of a portion of the respective enriched separate
test lot sample usin g the same or 2 more sensitive protocol and obtaining a ne Sative test result,

3 As an execative in the food industry I had been a competitor of IEH from

Movember 2005 umil § joined 1FH in February 2010, From 2005 until June 2009, I was
Execative Director of Sales for 8D - biotech company and manufacturer of food safety test

20 kits with annusl food safety test kits sales of 5 million. From June 2009 untii January 2010, 1
was Vice-President of Sales & Marketing for Food Safety-Net Services of San Antonio Texas. |
currenily serve on the American Meat Institute Seientific Advisory Committes and | am invelved

1 various food industry trade associations. At IBH my role is Vice-President of T echnolbgy
Transfer & International Business, Prior to my involvement in the food indusiry, my career

25 advanced through positions of Increasing responsibility serving 25 years working in the
industrial chemicals, electric utilities, and Nuclear power mdusiries. Previous employers inchude
Naleo Company of Neperville 1L and The Presidert & Fellows of Harvard University,
Cambridge Massachusetss, My detailed curricutum vitge i attached hereto as APPENDIY A

4. While in my Excentive Director of Sales at SO one of my responsibilities was to

30 ¢ aware of ail emerging technology associated with food testing, especially new technology

> . ; H - e S 3 E aohirere In
being developed either by food testing laboratorics or by competitor test kit mararfacturers. In
BPecember 2007, d wring my temwre with SDI, | received a phone call from Dir. Samadpour, IFH 1o
inform me of his patent application related to his inventive testmg method, wetr modular

3

DWT IS87315% 006509006802

National Beef Ex. 1007
Page 1229



p.3

[93)
(%]
5
o
e
-]
(4]
()]
o))
5]

Jan 31 11 04:24p Jim Byron

composite pooling, and to offer to make the technology available to 8D under a commercial
agrezment. At the time I took the call and related the information to a Marketing Manager
responsible for SIM Food Safety business, Dr. Orla Cloak, PhiD dicrobiology, University of
Ulster, BScthouns Major Microbiology, Minor Chemistry University College Dublin, for farther

5 review. At the time, the ‘idea’ of wet modular composite pooling was not an ohvious testing
strategy, i fact ¥t was scoffed by Dr. Cloak when presepted by [EH as she believed that
detection limnits would be compromised because of the small amount of enriched sample from a
“positive” sample when combined with “negative’ samples would lead to false negative results,
Because of the lack of understanding related to the potential benefits to be gained from the

10 technology the opportunity was ignored. Training of new food safety kits sales people at SDI
included discussion of the very smwall amount of enriched sample used in PCR analysis and it was
stated that the small aliquot of sample made it possible to ‘miss’ or *not transfer’ E. coli cells to
thermocycle step and hence a false nepative would he possible. This training was provided by

Dr. James Stave, Chief Science Officer, VI Research & Development, Ph.B. in Microbiology

15 [rom the University of Maryland and his BX. in Biology from Michigan Technological
University. It was considered by ST scientists that the percetved challenges of PCR technology

would be further challenged by dilution associated with wet modular composite pooling,

5. Since 2007, the industry has learned that testing using [, Samadpour’s Wet

modular composite pooling technique does not compromise or reduce the accuracy of testing.

2 Wet modular composite pooling increases the namber of lots that are tested, by reducing (hy a
factor of up to 5} the “lot size’ of product tested and thus ineurs an inerease in the associated
lesting cost. The outcome is that while the test lots are smaller {175}, and more lots are tested

{5x}, increased cost of testing is insignificant relative to the overall savings from having to

destroy or divert less total product. This breakthrough has significant economic impact for the

25 food production industry, both in the value of product preservation (increase number of lots,
sroaller lot sizes, reduces product loss from positive test results), and n the additional benefit of
allowing up to 5 times (500%) more testing of product while only increasing the tolal cost of
testing by as little as ~15%,

6. The tollowing is a suromary of my accounting of the industry response io Dr.

30 Samadpow’s discovery, IEH's development of validation data related to the discovery, and the

respanse from the food industry, food testing laboratories, and food test kit manufacturers,

7. The IEH discovered advaniages from wet modular composting pooling methods
3
DWT 164731 5% O066090-008LS2
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were injtially met with strong skepticism and open ridicule from the food testing market,
mciuding but not limited o trade associations, food manufachurers, food testing laboratories, and
test kit manufacturers. The idea of making one single composite from several cnrichments was a
complete departure from industry practice and not a single test kit or food testing laboratory was
5 using this approach. | experienced the skepticism snd obvious disapproval of Dr. Samadpour’s
inventive technigue first hand due to my position at both a leading test kit manufacturing

company and at 4 leading food testing laboratory.

K. In fact, prior to IEH developing this wet modular composite pooling technology,

the idea of such wet pooling of such enriched sumples {each corresponding 1o a separate

10 underlying test lot) was not used within the food testing industry. As recently as January 2008,
the prevailing industry behavior was to challenge and cast doubt upon the science behind the
IEH methods, a behavior that is still perpetuated to this day among some personalities within the
industry. Fventual recognition of the scientific validity of Wet Pooling was achieved only afler
years of effort by IEH wherein they were able to demonstrate the superiority of wet modular
composite pooling, satisfying both industry leaders and government regulators that the method
had acceptable sensitivity, specificity, and limits of detection as compared with conventional

methods,

Q. Food manufacturers that have adopted the use of Wet Modular Pooling as provided
within US Patent 7534584 have bepefitted from substantial coconomy improvement in overall
20 costs (less product being destroved/diverted) in addition io efficiency gains in their praduction

operation and enhanced food safety program performance {statistically more robust testing).

. It has Jong been my personal view, as both a former-executive for a Fest Kit
manufacturing company and as a former-cxecative in a Food Safety Testing Laboratory, that
reaching a commercial agreerment with IFH 1o gain access {o this protected inventive technology

25 is important for food safety in addition to being a wise business decision for a test kit or food
testing laboratory company. Not surprising, and fully consistent with the novelty and efficacy of
1EHs modular composite pooling methods, there are those in the mdustry that want to practice
this methed, but wish that it wasn't patented ¢ e.g.. the present Third Party Requestor in this re-
exarnination). In fact, T am aware that in 2009, representatives from particular entities held a

30 meetng in Colorado in an atterupt to coordinate efforts to avoid legal complications associated
with fmplementing modular wet composite pooling. While this is understandable, this merely
illustrates not only the novelty and nop-obviousness of the method, but alse the importance and

4
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premise of the method, and in no way detracts from the validity of U.S. Patent 7.534.584. This
is precisely the type of invention that T understand the patent laws are designed 1o protect

. I am aware that in 2009 some parficipants in the industry adopted a practice of
copying and using the technelogy encompassed within US Patent 7534584 without the benefit ar

Ly

protection of having a commercial agreement in place with the patent owner; and without the
permission or consent of the patent owner. 1 also know, from public documents that Food
Safety-Net Services of San Antonio in 2009 copied Dr. Samadpour’s inventive technique by
engaging and performing validation studies of Wet Pooling for the Vidas test kit manufactured

by BioMerieux (the Third Party Reguesior in this inter partes re-examination).

10 12, T further declare that all statements made harein of my own knowledge are true and
that all statements made on information and belief are believed to be true, and that these
suatermnents are made with the knowledge that wiilful false statements and the like se made are
purishable by fine or imprisonment, or both, under § 1001 of Title 18 of the United States Code,

and may jeopardize the validity of the application or any patent isswing thereon.

5 -
a "‘“%’ N 4

§ Vg&‘ f)’i ‘ X/‘ )’?"%WW.
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L{

Jaroes Byron

31 Jamuary 2011
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APPENDIX A
CURRICULUM VITAE

JIM BYRON 403 Trolley Way, West Chester, PA 19382

JimbvronE28@gmail.com 484.356.7283

L

Business professional effective in leading organizational re-direction strategic planning, including ‘boots

on the ground’ leadership and coaching skills used 1o establish and lead a sales & marketing organization
H}  in a challenging, technical and growth driven environment. Asa strong collaborator, this candidate
possesses a creative talent for establishing measurable goals and metrics that inspire loyalty and high
performing professionalism in tcams. Consistent history of team leadership delivers results that exceed
{or reverse negative) ostablished revenue and profit trends while mestin £ business objectives for feam
development and business growth. Proven track record as an effective Contributor, Leader, Coach,
Teacher, Manager and Professional Salesperson are indicators of future performance in your company.

,..\
(1

Professionsl Exnerienes

IEH Laborateries & Consulting, Seattle Washineton ~ F ebruary 2010 to Present

Vice President of Technology Transfer & Tnternationat Business ~ Consulting directlv with the
sompany owner, responaible for strategy formulation and business plan execution W support
20 company growth goals exeecding 30% CAGR. Directly encased within fie raarket to facilitate
+ = & Ve b =
{an execution, collaborating with IEH oreanization at fhe <0 level o establish performance
s 2 g §
metrics and facilitate alignment of COIMPANY resourees.

Faod Safety Met Services, San Antonig Lexas — July 2089 to February 2010

Yiee President of Sales & Marketing - Food Safity Net Services is » leading provider of
laboratory testing, consulting, auditing and specialized services to the food indusiry; operating a
nationwide network of strategically located [sboratories in «ix US cities, Exceptionally well
networked and recognized ag a leader within the wdustry, VP of Sales & Marketing {5 responsibie
for developing and driving impactfnl marketing strategies, including development of key client
and strategic supplicr-partier refationships. Responsible for feading company into new marker
30 segments and increasing compound annoal growth rate o exceed 30%.

bt
LA

Strategic Diagnostics Ing, Newark Delasware — Deceraber 2005 to Suly 2069

Executive Birector of Sales

= {iobal accountability for 4 diverse sales teams serving focus markets of Amtibodies Life Seience
and Food Safety, iy addition to Water Quality & Environmental, and Agriculmal markets
5 s 100% retooling of company sales organization and sales management processes mcluding hiving,
metrics for performance evabsation, recognition programs, and direct coach ing and development
of selling skills

[ %]
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Led & Managed reversal of long established low/no/negative sales wends; 2007 sales excead §27
mifiion

Revenue Growih in focus markets 5.7% {20063, 27.7% (2007

Gross Profit Increased 2.99% (2006) and 15.84% {2607

Maleo Company, Naperville Blinois - January 1990 to November 2805

20042088 National Aceounts Executive

®

L]

Closed major deals {mubti-vear/multi-million dellar} including (GSK, Exclon Epergy, Alliant
Enerpgy
Direeted local salewservice resourees 1o assure 100% post-sale custormer satisfaction

2H02-2804 Services Development Manager, North Ameriea

L]

Key Contributor to Steategic Planning associated with Global Corporate Reorganization
“Change Leader” for Corporate Re-Organization - Led implementation of global sales/service
restraeaing

Reorganization transitioned $440 million dollars annual US saies revenus 1 new business madel
Established 8 direct report managers in US geographic regions with > 158 individual corgribusors
Success became the model for transitioning worldwide organization impacting > $2.7 bitlion
dollars

2881-2002 Bistrict Sales Manager, 8t Lounis Missouri

® 16 direct sales reports, $13.5 million dolfar annual sales, 10 states
2061 Revenue Increase 8%, 2002 Revenue {ncrease 13%
2001 Gross Margin Improvement 4%, 2002 Gross Margin mprovement 9%
198724431 Area Sales Magager, Chicage Hilnols
*  Revializad poorly perforining area to increase sales from $3.6 10 5.8 million in 3 years (61%
arowethy
¢ Increased workdorce refention, reduced representative turnover rate from T2% o <1 8%
s Business foous prioritizes personne] development, customer satis faction, sales growth, margin
mprevement,
»  Personnel responsibilities include hiring, promotion, terminations, performance appraisals, policy
& salary administration, coaching & waining sales personnel.
190G 1997 Aceount Manager, Minneapolis Minnesoia
Election to Malco Chatrman’s Club Membership, Salesman of the Year 1995
®  Porceat Sales Increase Club 1992, 1993, 1994, 1985 1997, 1998, 1999, 2000, 200}
®  Total Dollar Sales Increase Club 1992, 1993, 1 904, 1995, 1997, 1998, 1999, 2000, 2001
®  New Accounts Club 1991, 1993, 1994, 1995, 1997, 1998, 1999, 2000, 2001
#  Council of Sales Profossionals 1995, 1998, 1999
= FPoous industries include Nuclear & Fossit Power, Chemical Production, Food Production,

Paper, Refining, and Aluminem & Sreel.

President & Fellows of Harvard University, CMC. Boston Massachusetls — 1983 to 1990

19851998 Emgineering Coordinator

L]

Developed, implemented, & Managed systems for project manageraen: inchuding sehedule,
weekly/mornihly status/progress publication, supervision of wades people {electricians,
mochanics, laborors), facilitated advancersent of “stuck’ milestones to assure suceessiul project
completion
Major projects included:

o B 15 million underground slectric wility distribution installation

7
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o %4 million steam boiler upgradefretube & water polishing projects
o 32 milling diesel generator protection project - lube oil management

1983-198% Maintenance Conrdinator

Associations & Prafessional Development Prosrams

5 = AMI American Meat Institute, Scientifie Advisory Council
s Leadership & Coaching: Situational Leadership, Delivering Custorner Advantage through Advanced
Ceaching, Becoming a Leader Manager
®  Bales: Tarpet Account Selling, SPIN seflimg, Versatile Sales Person, Courselor Sales Person {Certified

Traingr)
18 = Quality: Bix Sigma Qualitrak Quality Training

Strategic Account Manager Assosiation Annual Conference, SAMA
Compete Through Service Symposium, Arizons State Umiversity, WP Carey Schoo! of Business

Commaonwealth of Massachusetts Licensed Boiler Operator, Fireman 2™ Class

15 FPducation

Boston College, Chestnut Hill Massachusetts, B.A., Business Administration, 128%, Cum Faude, AYN.
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Evaluation of the use of pooled serum, pooled muscle tissue
fluid {(meat juice) and pooled faeces for monitoring pig herds
for Saimonella

f.H. Davies', P, Heath®, S.M. Coxon® and AR. Sayers®
'Depantment of Food and Environmental Safety, Vetsrinary Laboratoriss Agency (YLA} Wevbridge, Surrey, *Laboraiory Testing
Division, VLA Bury 8¢ Edmunds, Suffoll, and “Epidemivlogy Depariment, VLA Weylyidge, Surey, UK

2003/0008: revelved 27 March 2003, revised and accepted 3 July 2003

ABSTRACY

R.H. DAVIES, P.J. HEATH, 8.M. COXON AND A.R. BAYERS, 2003,

Aims: Monitoring for Safmonella in slaughter pigs is important to enable targeted control measures to be
applied on problem farms and at the abattoir. The alm of this study was to determine whether pooled serum
and meat juice could be used to identfy fnishing pig herds with g high prevalence of infection, .
Methods and Results: Samples of meat juice, serum, caecal contents, carcase swabs and pooled facces from
pig pens were taken from 20 commercial pig Gnishing farms and comparisons were made between the results of
Salmonelle colture, individual ELISA tests on serum and meat fuice and pooled saraples of serum and meat juice.
Salmonella was isolated from samples from 19 of 20 farms. None of the ELISA tests showed a statistically significant
correlation with caecal carrage of Sefmenells or contamination of carcases. Serure mean optical density (0.1
from pools of five, 10 or 20 sera showed 2 significant correlation with the Selmonells status of farm pen facces, All
pooled serum O.1, and sample/ positive control ratio results correlated significandy with the results of the
conventional individual sample FLISA. There was a statistically significant correlation between the incidence of
Salmonelip in farm pen pooled facces and the prevalence of Salmenells in caeca of slaughter pigs.

Conclusions: The results show a generally poor correlation between serological and bacteriological results but
pooled serum or meat juice saraples could be used as 2 cheaper substitute for serclogical screening of farms for
Salmonella than individual samples.

Significance and Impact of the Study: The availability of a cheaper test should allow the costs of Salmonelie
monitoring of pig farms to be reduced or allow more regular testing to enhance the designation of farm Sabmonells
risk status.

Kevwords: culture, ELISA, pigs, pork, Selmonella, surveillance,

Tyt

INTRODUCTION

In meny countrics, especially those in which significant
quantities of raw, smoked or Hghtly cocked ground pigmeat
products are consumed, pork is a source of 2 substantial
proportion of human Safmenells infections {Berends of 2l

Cosrespondence se; RH, Devies, Deperiment of Food and Esvironsemial Safeey,
Veserinary Laburataries Agency (VEA) - Weybridge, Addizsions, Swvey, UK
(eomats v h daviesi@uin.deffu. g govuk),

1998; Anon. 2002). The situation o the UK is less clear, but
some outbreaks, including 2 small number of deaths, havk
been associated with contaminated pigmest (Maguire #¢ o
1993; Smerdon e &/, 2001} and newly identified phage types
of S Typhimuriam, such as U310, have been specifically
linked with pigmeat products (Ward and Threlfall 20010 An
abattoir survey has shown that at least 23% of pigs ave carrying
Salmonells in their cacea at slaughter (Davies o7 af, 2001).
Theoretcally the increasing vertical Integration of the pig
industry and centralization of slaughter in larger abattoirs,

© 2003 The Scelety for Applied Micrebi@lﬁgy
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where specialized quality sssurance and hygiene comtrol
operations are in place, should reduce the opportunity for
dissemination of Safmonells infection and contamination.
Unfortunately, poer monitoring of farm inputs, incressing
farm gize, dietary changes and lack of specific Sadmonelle
controls has meant that Safmenells has become more of 2
problem for the modern integrated pig industry than in the
smaller independent units it has replaced {Blaha 2001).

The starting point for control is monitoring to define the
extent and diswibution of infecton. Bacteriological monit-
oving gives the best indication of the diswibution of
Saimonelle on farms and facilitates the introduction and
monitoring of contrel measures (Bager and Baggesen 1993),
but this must be carried out sufficiently rigorously to be
meaningful, which may be expensive. Serclogical testing is
fess expensive for cach individual sample, whereas bacterio-
logical samples can be pooled in composites of up o 20
subsamples. Pooled bacterinlogical samples have been very
effective for monitoring large groups of poultry (Kradel and
Miller 1991; Abo 1992}, but are more difficult w achieve in g
representative way for routne use on pig farms. Serclogy
may provide 2 more sensitive indication of persistent pig
herd infection than limited bacteriology (Winff o o 20023,

Following large outbreaks of Selmenellas in humans and
problems exporting contsminated pigmeat, a2 model Sal-
monells control policy was set up in Denmark (Mousing
et al. 1997), 'This was based on serological monitoring using
a2 Mix-ELISA test capable of detecting groups B and C
Sabmonelle serotypes, which are predominant in pigmeat
production (Delsen o ol 1998

This report describes 2 scries of experiments designed to
evaluate the use of pooled serum and meat juice samples in
comparison with the conventional ELISA test carried out on
individual samples and bactericlogical results from caeca,
carcase swabs and pooled pen facces from the farm of origin
of the batches of pigs tested. The objective of this study was
to determine whether pooled serum or meat juice could act
as an effective indicator of herd Safmonelie tnfecton status
and so offer the possibility of providing an effective
monitoring programme at minimam cost.

MATERIALS AND METHODS
Sampiing methods

Twenty pig herds were chosen at randow from the regular
suppliers of twe sbattoirs, The previous Selmensfle ctatas of
these herds was unknown. From the 20 herds a total of 43¢
serum, 421 juice, 421 carcase swab, 418 caccal and 369
pooled pen faccal samples were collected for testing. The
ain was to attempt to test and compare samples from at least
20 pigs from each farm and 20 {or maximum availsble
number if <20} pooled faeces samples from finishing pens

& 2003 Crown Capyright, Jowmnald of Applled Microbiology, 88, 10181025, doli10.1048/.1385-2672.2003.02070.x

on the farm of origin. There was some varisbility in this
resulting from missing or inappropriate samples at siaiighter
and the sampling of some exira pigs ecourred in an attempr
to compensate for ths.

Sampling on farm. Pigs to be slaughtered and sempled a
abattoir the following day were identified on each f:s.rm ami
pooled pen facces samiples taken,

Each pen facces sample (25-30 g} consisted of approx, 15
‘pinch-sized’ samples taken from the surface of fresh faecal
matexial in separate pirts of the dunging asrea before
mucking out. ¥f large pens had more than one dunging area
each area was sampled. Pen samples were collected by hand
using ¢ new dispossble plastic glove for each pen sample.
One pooled pen sample was taken per pen, however i thé
pen contained over 30 pigs then an addivions] sample was
taken for sach additional 30 pigs. The faccal samples were
submitted to the Iboratory for examinavion within 34 b of
collection and cultural examination was undertaken on ‘fhis
same day of receipt. Cofear

g
Sampling at abatipir, At the sticking point an individual,
unigque tag was attached to the ear of each pig to be sampled.
The tag numbers were recorded on & working sheer fog
transfer to the submission form after sampling  wad
complete, this ensured that the four samples o be t&ke"i
conid be identified to each individual pig. !

. Blood samples. Bleod samples were taken into universal

bottles when the pigs were bled out, lehelled with each pig’s
unique identification nmurnber and allowed to stand at roord
temperature for the blood clot to retract. At the laboratory 2
serum sample was removed from cach blood and stored at
~20°C until batch tested. S

Carcase swabs, Carcase swabs were taken from ‘the
uniquely identified pigs before entry 1o the chiller. A single
gauze swab was used to rub vigorously over a 10 X 107om
square of skin at three sites on cach pig — the belly, hanvand
jowls, according to 2 Danish adapmation of a US protocd!
{Swrensen &f ol 2001}, The swab was returned to 2 uniguely
identified sterile container and gloves were changed befe}r@
raking each carcase swab sample. e

Muscie samples. A sample of disphragm muscle was
taken from each pig to £ill the whole of the top of a labelled
meat juice sample tube, Each tube was closed and placed id
an insulated sample box. At the laboratory the samples were
frozen, then thawed. Meat juice was taken Into uniquely
identified tubes and stored at ~20°C unuil bateh tested.

Cascumn, For each pig the cascum was ligated and
removed from the carcase into g labelled mini-grip beg.
R

S

SREH
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The carcase swab, neck muscle and caecum samples were
transported to the laboratory in an insulated container with
ice blocks. At the laboratory 25 g of caecal contents was
aseptically removed for pre-enrichment culture,

Leboratory tests

Cufture for Salmonsiia. The pooled pen facces samples,
the carcase swabs and the mdividual pig caecum contents
were added to buffered peplone water (BPW, Merck, Poole,
UK) and incubated at 37°C for 16-20 h. After incubation
2 ml of the BPW broth was dispensed into the depth of 2
semisolid Diassalm {Merck} plate and sl inoculated plates
were incubated at 414°C for 24 h. On day 3 the Disssalm
culture plates were examined for suspect Safmonella growth
and where this was seen 2 sample of the agar was inoculared
onie 3 Rambach agar (Merck) plate, which was incubated at
37°C for 18-24 b. After incubation the Rambach plates were
examined for suspicious Safmonclle colonics, which were

confirmed serologically and biochemically. A scbeulture of

each confirmed Saelmonelle isolate was subminted to VLA
Weybridge, Bacteriology Department, for full serotyping
and phage typing where applicable.

Salmonesiia ELISA. Serum and meat juice samples were
rested by the Guildhay VerSign Selmonelle ELISA Xit
{(V¥(20; Guildford, UK), which incorporates lipepolysac-
charide (LP8) antigens from the groups ) and B salmo-
nellas: S, Choleraesuls and 5. Typhimuriwm. Tests were
conducted according to the manufacturer’s ingtractions.
Briefly, serum and meat juice samples from individual farms
were tested individually and 25 pools of samples contrining
five, 10 and 20 individual samples. For making the pools,
100 ul of each serurm or juice was pipetied into a single wbe
of their respective pools of five and mixed thoroughly. From
these four pools of five, 100 4l was pipetted from each of two
pools to make the two pools of 10 and mixed thoroughly, From
each of the two pools of 10 samples, 100 4l was wken mto
another rube to make the pool of 20 and mixed thoroughly,
Where the herd sample batch size varied, (range; 18-22), this
resukted in 2 fourth pool of four 1o seven samples, one of nine
to 12, and a single firal pool of 19 10 22, After thorough mixing
of the individual and pooled samples they were tested by
ELISA. Individual and pooled samples of serum and meat
Juice were diluted 1 : 400 and 1 : 30, respectively, sccording
to kit instructions, before testing. Positive results were those,
which gave a ravio of sample 0.0, to positive contrel 8.D.
[sample/ positive {SP} ratie] of §25 or greater.

Statistical analyses. All analyses and correlations were
made on the basis of using the herd ss 2 unit rather than
individual animals. The correlations and descriptive statis-
ties were caleulated with sTATISTICA (StatSoft, Inc. 2001).

& 2003 Crown Copyright, Joumal of Applied Microbiviogy, 88, 10181025, dol:10.10464.1365-2672.2003. QQG

RESULTS o

Table 1 shows a comparison of mean optical density (G}
and sample/ positive (8P} ratio readings from individual and -
pooled serum samples from the 20 sampled herds. In total,
430 serum samples were tested individually and in pools of
five, 10 and 20. The mean O.D. for the ndividual tests.
carvied out on serum was §-18 {range: 3:08-0-48) and the 5P
was 023 (range: $-02-0:72). A total of 109 of the 430 samples
{25-3%) (vange: (-06-0-82) were positive for Selmonells
antibodies. These results would place seven herds in the -
equivalent of Danish category 1, 11 herds in category 2, and
two herds in oategory 3, Lo the worst Selmonells stams :
herds requining serious r@medsai action, o
The mean results from the various poolings were bmadiy
equivalent to the mean values of individual reschs. The.
mean .1, for five pools was 021 {range: 3-07-0-82} and the!
8P was (-33 {range: 0-02-1-18). For the 1) pools the mean.
Q.. was (21 {range; (¢-08-0-83) and the mean 5P was (:33.
(range: $-05-1-19} and i the case of the pools of 20 the mean
.0, was §-22 (range: $:07-0:96) and the mean 5P wasib33
(range: 0-07-1-39). v
In addidon, an siterapt was made to allocate herdsyioh
the basis of ranges of 20s, into categories <G4, O-1-dland:
>34 8P 20, as these categories sppeared to correlate toghi-
iow, moderate and high prevalences of Safmonelln in'oaédd
or pooled facces from herds identified in bacteriologital
tests {Table 1). This classification produced only five herlls
in the best category, seven hevds in the middle categéhy
and eight herds in the worst category, In termsaof
comparisons with meat juice ELISA results 3 worst fam
mexn SP 20 result of »85 would produce the same two. .
category 3 eguivalent herds. A higher 5P 20 cut-offy N&g
10, conld be chesen if a smaller category 3 eqmvaicmt""" 5
required. v lghesn
The results relating t serology carried out on meat jule.
are presented in Table 2. fn totl, 421 sanples Werd-
oollected and all yielded sufficiont tiscue Huid for wostingras
individuals and as pools. The mean 0.0 for the individhal
tests carried out on meat juice was §35 {range: (-07-0:70)
and the SP was 41 (range: :03-087). A total of 182 of B
421 (43-2%) samples gave positive meat juice ELISA (Mj’?}
results. This would piace only two (10%) farms in catefofy-
1, eight (40%) farms in category 3 and 10 (509%) farins™i
category 2, if the Danish categorization was applied. it
The mean results from the various meat jwice poolissgs
were slightly higher than those relating to individual
samples, The mean O, for individual mesr juice wiad
0§35 and the SP §+41. This compared with 845/048 for
‘five pools’, 0-47/0:51 for ‘18 pools’ and (46/048 fm’t*&ﬂ»
pools’.
Table 3 shows the resulty of bacteriological testingva
carcase swabs, caeca and pooied pen facces. A total i)f 4@21
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Table 1 Salmonefle ELISA for pig serum from 20 farms: mean results by farm

Pooled sevd
Individual sers L i0s s
5%
Herd ref. 0.0, sp N N4ve % +ve an, 8P Q0. 5P 0.0, sp cat.
P34 12 012 2 3 136 12 o117 12 813 12 417 £17%
P0135 18 &2t 22 5 227 18 420 #20 $32 18 18 185086
POIR2 409 &10 22 i 45 09 408 11 &17 308 45 <i7%
POIS3 12 &26 3 7 333 {+13 426 {14 &30 18 047 18-50%
POig% §12 &1 22 4 182 015 025 13 19 16 {+28 18-56
POI93 08 ¢02 i g &8 {49 408 10 308 Q7 o402 £17%
FO217 340 53 22 i5 682 @40 ¥56 §47 66 39 55 >50%
PO276 323 §37 22 2 49 {23 66 428 -88 832 1-05 18-50%
PO2TT 22 33 22 8 364 22 863 821 59 333 68 18-50%
O30S 308 4403 22 1 45 047 2174 g8 008 10 009 £17%
PO3IZG 026 836 20 16 5043 028 833 30 437 338 44 18-50%
POIZR 08 03 22 8 0 0408 5 &8 007 409 008 s17%
PO329 008 8403 22 8 oy 08 003 ¢08 005 309 07 <17%
PH3R3 21 26 20 & 300 419 21 821 824 g19 020 18-509%
P0382 015 15 i) 2 1040 013 139} #14 12 {15 ¢4 <17%
0395 &30 {#23 22 7 318 18 45 HBE: 47 {19 §-30 18-509%
PO400 . 018 {13 22 [ 213 921 059 18 +47 18 {46 18-50%
PO466 {48 372 22 12 545 82 118 §-83 118 96 139 >50%
PO498 821 026 2 4 182 029 036 #21 (23 a2 26 18-50%
PO5L6 o015 #2723 22 9 403 F1i6 39 17 14 22 $32 18-50%
Overall 318 23 430 109 2353 21 33 021 033 §22 $37 NA
mean vesalt ‘ G

Key: 18, individual sampls; Herd refl, pig herd reference code; 0.0, optical density; 5P, sample/positve contrel O.D. ratie; N, no, aampies tesiedz

N 4ve, no. sumples positive; 9 +ve, percentage of samples positive; 35, samples tested as pools of five individual samples; 10s, samples tested a5 ik

of 10 individual samples; 205, samples tested as pools of 20 individual samples; 1896 cat., categorization of herds according to Danish clﬁsﬁuﬁm;mn.
S17% = caregory 1, 18-50% = category 2, >50% == category 3; SP 205 cat., cateporization by S¥ lovel of pool of 20 individual samples: #

<{1 = theoretical lowest Safmonells risk category, (F1-{4 = theoretival medinm Salmonedls risk category, >4 = theoretical highest Saamweliq rssk

CRISEOTY.

carcase swabs were wken of which seven {179 (ramge:
§-9-1%}] were positive for Salmenellz, a1 S, Typhimurium.
The positive carcase swabs largely, but not exclusively, came
from herds with higher mumbers of caccal positives.

A total of 420 caecal samples were tested and 102 [243%
{range: (~650)] contained Selmonella. About 1749% of
samples contalned S, Typhimurium and other serotypes
obtained were 5. Deorby, S Reading, 8 MNewport and
8. Indiana. One farm had 3. Agona in pen samples but thig
was not found in the 20 caecal samnples examined and one farm
had 5. Enteritidis, A wide range of §. Typhimurium phage
types (DTI104, 208, 193, U30BA, U310, U302, untypable}
were found both in caeca and in pocled pen fasces samples,

In only one farm no Sadmonells was found 1o either caccal
or farm pen samples. Serum and meat juice from this farm
was also negative by ELISA.

A total of 369 samples of pocled pen facces weore taken
from the farms of which 121 [32:8% {range: O-750)]
contained Seimenells and 23-6% (range: §-75-0) contrined

B S

5. Typhimurium, There was a good correlation between the
serotypes and phage types found in caeca and carcases of
pigs with those found on farm. et g

Table 4 shows a correlation matrix which displays’ tﬁxé
various corrclations between serology and bact@riziié)gy
None of the serclogical tests, including the standard sejum
and meat juice ELISA results {individual serum, mdmgiua}
juice) showed a smtistically significant correlation -wi
either carcase contamination or caccal carriage of Salmenelia:
.13, readings of five, 10 and 20 pools of serum (Js, ms anid
20s) showed a significant correlation with the pcmmmg& of
positive pen facoes whereas these from the standard sesum
and meat juice ELISA did not There was ne ’s\mh
sorrelation for pooled meat juice, largely because the unyes
juice readings were higher than seram so were less spemﬁc
when compared with bacteriology., This is bkely to be"g
feature of the diludon factor applied © serum and lesg
ditutien of serum or greater dilution of meat juice s}muid
result in closer correlations. e

© 2003 Crown Copyright, Journal of Applisd Microbiciogy, 85, 10181025, doiz10.10484,1365-2672.2003.02070.x
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Table 2 Sadmoneila ELISA for pig meat juice from 20 farms: mean results by farm

Pooled meat juice

Individual meat juice 5 s 2{s 5%

Herd ref. Q.D. SP N N +we U +ve G0, sp 0.0, 5P Q.0 Ry cat.
POL34 018 26 21 7 333 27 025 028 826 008 800 17--50%
Pi3s 24 028 PAY 6 286 628 #3120 &34 333 835 17-50%
POIRZ o407 i3 22 g L] 09 301 4408 800 013 003 <37%
P}183 18 013 0 5 250 628 1% 319 1133} 317 49 17-50%
P19 37 +38 21 ig £7-6 {53 043 873 662 076 864 17-50%
POLIS3 18 823 1% 7. 368 223 F28 $23 19 $12 818 17-50%
PO217 348 78 2z i8 77 £33 876 080 &80 &:57 475 >545%
PO276 {55 o588 22 i6 727 LR {88 3492 o8} 83 473 >50%
PO277 362 78 22 12 545 895 384 134 893 092 0-81 »50%
PO306 31 048 22 g 409 44 46 51 i35 332 338 17-50%
P320 32 465 6.1 i G0 {44 067 342 064 042 364 >5(0%
PBO328 19 [ 22 § 227 i3 &30 14 18 317 24 17--508%%
P0329 310 05 22 0 131] {9 308 309 807 008 0406 <17%
PO353 826 0-50 20 13 650 028 {40 330 042 029 40 >50%
PO382 19 (22 1% 4 211 19 {23 18 820 O17 19 17-50%
PO399 463 031 21 14 667 0-65 &85 &7 362 474 464 >50%6
PO4GO ¢70 &57 22 i6 727 865 055 363 34 82 872 >30%
P46 064 487 1% 12 632 191 168 112 1-89 114 192 5%
PO49S $-27 32 22 & 34 828 {36 331 839 330 &35 17-5%
PO5i6 851 041 22 i 455 063 853 - O §-55 &72 062 17-50%
Overall 35 41 421 182 432 45 048 $47 851 046 048 NA

mean resulls

For Key see Table .

Figure 1 shows a scatter plot comparing serum 3.1, 10s
(which had the highest correlation coefficient) with pen
facces vesults. This shows that although the majority of
farms He close to the lne 2 small number of substantial
outliers means that only approx. 25% of the variation in ous
variable can be directdy attributed to the other.

Table § shows the correlation between pooled servm and
mest juice and the percentage positive individual samples by
standard ELISA. All of the correlation co-cfficients are
sipnificant (P < 005), especially serum SP with serum
percentage of positive and mest juice QD with juice
percentage of positive, An example correlation berween
pooled serum {(SP 20} with serum percentage of positive is
shown in Fig. 2.

Figure 3 shows a correlation between the percentage of
positive pen facces and the percentage of positive caeca. For
all Salmoneils the correlation co-efficient (#) is 0-51 (V = 20,
P = (022 and for § Typhimuriam r== 0§ (V= 20,
P = (026). Both of these are significant correlations but the
scatterplot shows there are substantial numbers of outliers,

The correlation coefficient between the mean farm 0.0,
results for individual unpooled serum samples and individ-
ual unpooled juice was (61 (P = (D05} with 85%

confidence interval (022-083). For the farm mean SP

‘values it was §:77 (2 < (-001) with 255 confidence mtervai

{0-50-0-90). Scatterplots are shown in Figs 4 and § p

DIBCUSSEION

The Jarge amount of work carried out in development afid |
operation of the Danish Selmenelia control policy has shéi%i}
that a pragmatic spproach 1o categorize herds on the basis'cf'
Satmenells antibody seroprevalence can be an effective mai
for identifying highly infocted herds {Mousing o1 af, 19‘3!
van der Wolf ¢ o/ 2003a}, and this approach has., }gceza""
adopied in seversl other countries worldwide (Ludewigiand
Fehlhaber 2001) and in other targer species (Hoorfar ez
1997; Feld & ol 2000).
Although the individual serum or meat juice Salmwze;laﬁ
ELISA test has a poor correlation with bacteriology on an -
individual pig basis (Christensen e ol 1999; Clouting and
Davies 2001; Davies ¢ ol 2001; Corrégé 2002} it can b8
used to flag up herds which are more likely to be in neediof
improved Safmonells control. This can then be confirmed by
bacteriological sampling at farm level and a contrel plan .
tmposed. It is also possible to orgsmize logistic slaughter

@ 2003 Crown Copynght, Journal of Applisd Microbiology, 95, 10161025, dol:10.10464.1365-2672.2003.02070.x.
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Table § Becreriological results from carcase swabs, cneca and bulk pen facces for pigs from 20 farms

Carcase swabs Casum Faeces ‘ T
: Typh, Typh. Typh. Typh. Typh, % Typh,
Farm ref, N Nive Nive %+ve %tve N Nivw Nive % tve Shdve N Nive Ndve Sbdve +vg, -
POL34 2 2 2 9 %3 it 1 8 324 381 i i g 737 7450
POLIS 21 0 ] 3G g0 2 4 4 198 196 % 7 7 368 36:8% .
Pigz 2 0 & 00 0 2 0 § &0 &4 20 & 8 ] §08 0
PBGIS3 AR & 34 et 21 3 3 143 143 w2 2 100 14
POI3% W/ O U o0 o0 w3 2 158 104 15 1 7t &7 gyt
PGI93 9 0 & A1) 00 18 ] & 421 biEt] B 4 ¢ 266 151 I
PO217 2 1 i 43 45 22 7 3 K]S 136 i5 8 2 533 13-37F
POZ76 2 0 $ 44 o0 20 3 8§ 40G 430 R b 438 45+ Q“‘b‘
P77 2 1 H 45 45 24 4 182 182 20 5 5 250 25+ Of
PO306 M0 § Y 80 2 13 13 650 550 20 5 5 258 2
PO320 w0 8 00 ()] i b & 300 K w12 it 632
P(328 2z 0 & ot o0 22 B ¢ o0 EH 17 2 2 118 e
PQ328 2 0 ¢ 00 &0 2 8 g 20 80 0 8 &0 &0 wd .
P(353 0 ¢ 043 o0 20 2 2 160 00 2 15 15 754 75008
PO382 [ L & 00 &0 9 8 8 &G 8¢ 18 i i 54 5
PR3 22 0 8 o8 &0 2 3 3 136 136 15 8 & ¢ Q()EM
PO4O0 220 & 4] 0 2% 3 409 364 w7 § 432 29488
BR4GH 19 1 1 53 53 w7 2 368 S 16 1t 3 688 18-85,
PSR 2 2 2 91 91 2 u 3 5060 227 19 10 k) 56 R
P56 29 iy o0 o0 2 3 3 136 136 w2 Z 150 1GM ?i:;f
Orverall 422 7 7 7 7 420 102 73 243 174 369 121 &7

328 3%
miean results e

Key: Sabmonella types found in batch at slaughter or on farm: *Typh, 104 5193; “208; SLI307; “UI0RA,; FUU310; FAgona; PEnteritidis; Terby; k"Iz':l g3
“Newport; "Reading; *Typh. Untypable {Typh.== & Typhimurivm)}.

Tabile 4 Correlations of serum/holce with Comeltions® (% +ve)

carcase/ caecum/ fheces
Larcase {aecum
Variable Carcase Typh. Caccum Typh, Faetes
Individual serum $20 28 14 85 44
SO0 & 43 043 8-25 - 01 353
85P §s $34 34 425 12 39
SOD s {35 $-35 o222 -1 054
8%P e 426 28 424 15 43
S0P Mg §32 {32 21 402 348
S5P 2k §23 23 @22 ¢17 &M
Individual juice 18 10 {42 040 §44
JOD 5s 14 &4 831 ' R 28
I5P s 28 318 33 23 43
JOU 10s 18 18 831 {33 18
JEP 10 $:36 334 333 821 ]
JOD 20s 07 847 319 18 #12
*hMarked correfations are significant at & < (¢+05 and are italicized, N
&, serumy J, meat juice; 0., optical density; SP, sample/ positive ratio, S
based on herd ELISA results and this can help reduce been made in dn sttempt 1o incresse the sensitivity :
carcase and meat contamination {Swanenburg e of 2001}, test and weight results so that a closer approgimation fBrihe
Recent changes in the Danish interpretation of results have herd infection status at slaughter is obiained {(AlbenTg] ‘jzf
© 2003 Crown Copyright, Joumal of Applled Microbisiogy, 88, 1016-1025, doli10.1046/.1365-2672.2003.02070.x 16
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Flg. 1 Scatterplot of serum 0.1, {pool of 10} and percentage positive

pooled pen faoces

Table § Comrelations of serum/juice pooled results with pereentage
of positive individual sera

Corvelations of positive individuale

Variable Serunm {90} Juice (%}
SO 3s 370 51
58P 55 o477 059
800 10s 874 +52
58P 108 (76 8-67
SO 20s 471 (349
SSE 205 7% 054
JOD B 068 B i
I8P 5s {74 071
JOU 16s 074 875
JSP 10s 470 {68
JOD 26s 366 875
J5P s 370 368

8§, sevumy J, mear juice; 000, optical density; SP, sample/ positive
ratio.

2002, Wih any serological test for enteric bacterial
pathogens there will always be problems of sensitivity and
specificity; however so, it will never be possible to predict
with certainty the likelihood of a batch of pigs carrying or
excreting Sedmonslie at slaughter, Tlhis means that any
controls can only effect a reduction rather than elimination
of the problem.

A wide range of 8. Typhimurium phage types were found
both in caeca and in pooled pen facces saraples m the current
study. Sefmonells Typhimurium U310 aad UINBA appear
1o be spreading rapidly in the pig ndustry at present and it
will be in pig farmers’ best interests 0 carry out more
bacterislogical sampling of replacement breeding stock to
help identify the sources of these waves of new Salmonella

Individual serurm % +ve

00 02 04 06 DB 10 12 14 1.8
Pooled serum S (20%;)
8P = sample/poaitive ralig "

Flg. 2 Scanterplot of individual serum percentage positive comp;i}'éé‘.

with pools of 2§ S

T

80 ’ R

80 ' el
50 /,i/
40 /3{

30} o
20 el o

10

Faeces % +ve

o 1 20 3 40 50 8¢ 70
Casca % +ve :

Fig. 3 Comrelation between percentage positive farm fagces and
positive casea

strains which sweep through the industry. It is alio”
important to retzin some national bacteriological monitoring
or the smergence of new potentially zoonotic strains may be
missed. Pigs carrying 5. Enteritidis, 2 mwajor human
pathogen and the number one serotype worldwide, would
also not be detected by the ELISA, There is no serological
test, which will detect all Salmoenella serovars {van Winsen:,
ef gl 2001) so the ELISA test may miss new emerging.
serovars which bie outside the antigenic detection range. Itis.
likely therefore that § Newport {group (o/0:) which is
currently causing serious problems in the US may be poosly
detected if It becamae ecstablished in pigs. (The single
. Newport positive pig gave negative ELISA results in the
current study.) Similarly, of the top 1 human serovars

© 2003 Crown Copyright, Jouma! of Applled Micrabiclogy, 85, 10161025, dol10,1046/,1385-2672.2003.02070X .
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Fig. 3 Correlation between individual farm meat juice sample/
positive ratios (SP) and individual serum SP

found in the UK, 5 Enteritidis would not be detected and
S. Hadar and S. Blockley are bkely 1o be poorly detected.
The test can be extended to include additional serogroups
but care must be tzken 0 ensure the sensitivity and
specificity of the expanded test 1 not compromiged (Proux
et &l 2000; Clousing and Davies 2001).

Another problem with ELISA resting is the proliferation
of tests and the deficency of validation and harmonization
{vant der Wolf & 2l 2001b). In an international ring trisl

there were considerable differences in the performance of

various ELISA test kits and in-house tests {van der Hetjden
2001} and countinual changes in methodology and interpret-
ation are being made in many of these, which may also effect
harmonization between test laboratories (Wiaff o 2l 200G,
Alban ¢ af 2802). The commercial test used in the current

@ 2003 Crown Copyright, Jouma! of Applied Microbiclogy, 9%, 1016=1025, doli10.1048/4. 1385-2872.2003.02070.x

AL

‘i [
study was found in previous uvmpublished wmk by the
authors to be sufficiently robust for general use provided
appropriate quality assurance ((QA) procedures are applied.
§t is recornmended that some samples are tested in duplicate
{as in this study) w ensure reliability and detection of test
errors but single well testing mey be acceptable ?m‘
menitoring treads {Stenbach of ol 1999).

Comparisons between the ELISA results for serum and
meat juice showed a statistically significant correlation but
the variability amongst farms was relatvely large. The
divergence is greater than that previcusly found when
Danish or in-house ELISAs were used (Nielsen ez af 1998;
Clouting and Davies 2001). Some of the discrepancy may be
due to the dilution rate recommended for use with juice
from diaphragm muscle and previcus observations W38
suggested that 1:40 may be more appropriste {(Carel
Clouting, VLA Weybridge, persenal communication).
There are also some farms where samples appesr to di%rgrge
widely from expected serum/Juice ratios. The reasdns for
this are unclear but it is possible that factors such as serhsd
and the state of hydration of pigs may have an influencfush
meat juice ELISA results, dilate

This study bhas shown that pooling serum or meat fuios
would be 2 viable surveillance option. Testing one pooled
sample per farm gave results, which compared well with
resting 20 individual samples. If an 8P category of <0:1 wes
used to distinguish the best herds” and >04 o distinguish
the worst then there would be four “best category” herds jhffgﬁi
ning “worst category’ herds. This would compare with'the
individual ELISA prevalence and could easily be fublh¥y
categorized such that farms could be ranked in ¢ different
way to that currently used in the Danish Scheme. Thusthe
19 of herds with highest 0.1, 20 results could be selddte
for further action. Herd designations should preferabijpdsé
obtained on 2 4-month rolling mean basis by mbingiens
bulk sample of 20 muscle sections each month, Le. 13bulk
samples per farm per vear, and weighting the most récdie
sample as double the previous samples o provide a %ot
current status’. Pooling meat juice from 28 pigs into oi¥rest
carried out monthly would aliow inclusion of samples frof
240 pigs per vear for the cost of livde more than 12 st
The representativeness would be forther enhanced by using
weighted rolling means {Alban of &l 2002). It would then e
possible to select the propertion of herds with the highest
mean Q.0 or 8P results, which is deemed appropristeinil
affordable for further monitoring and control actions, - awd

The resulis of this work are in agreement with veher
studies, which suggested that the mean antibody died Wi
the best parameter to compare pig herds (Steinbackiand
Srazk 2001} The current study was carried out on onlygie
batch of pigs from each of only 20 farms so is Hkely w gﬁfeé
fess accurate indication of farm status than the hund
methods used in ongoing monitoring. It s thevefirs

b &ﬂ’f!&

National Beef Ex. 1007
Page 1243



L

1024 R.H.DAVIES ET AL

recommended thet further work s carried out on samples
from  larger number of farms over a longer period.
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Chapter 2

e Collection,
\nalysis

Thaddeus F. Midura and Raymond G. Bryant

2.3 INTRODUCTION

The objective of this chapter s to enable the user to obtain repre-
sentative samples of a food lot, submit the samples to the labora-
{ory in a condition that is unchanged microbially from the time
of sampling, and prepare the samples for analysis, The procedures
deseribed in this chapter apply generally o collecting, labeling,
transporting, storing, and preparing samples for analysis. For
spocific information and discussion about sampling and analyti-
cal procedures for canned foeds, see Chapters 61 and 62. Other
funds alse may require special sampling and preparation proce-
dures depending upon the specific micmorganisms involved. For
such procedures, see the chapters covering the relevant food types
and specific microorgarisms.

2.2 GENERAL CONSIDERATIONS

A representative sample that is appropriately transported to the
laburatory, and prepared for examination, is the first priority in
the microbiological examination of any food product. Laboratory
results and their interpretation are valid only when appropriate
samples are examined. Samples must be representative of the
entire lot of material under evaluation, must be the proper type
for the determination to be made, and must be protected against
extraneous contamination and improper handling, especially at
temperatures that may significantly alter the microflora. Refrig-
eration often must be provided to prevent destruction of growth
of organisms in a sample. Unfrozen samples must be reftigerated,
preferably at 0° to 4.4°C, from the time of collection unti) receipt
ot the faboratory. To avoid contact of the product with melting
ee. a sealed eutectic coolant is preferable for use in the shipment
container. Samples collected while frozen should be kept solidly
i‘-:t‘}zen. When dry ice is used, the containers should have tight
Ciosures to prevent pH changes in the sample caused by the ab-
srption of carbon dioxide. As a general rule, samples should be
vramined within 36 hr after sampling. Perishable itemns that can-
?r?;;%;::c?ityzed within 36 hr should be frozen or retained af re-
eason for ;ih:};:c:amres:, dependmg upon thﬁ type of prod}act,
frovzen sa;iqrﬁ“l} a;s, ancitype of mzcro@rgi?\msms.sn}zg,hi Non-
Cﬁ”echcm: KhE: of shellfish should be examined within 6 hr after
Sare ]f they cam‘.o%' be ﬁazm}.’

faile:‘zgi ;Sinn;ust kfe clearly and comp»leta‘ely identified with the

5 Miormation: sample description, collector’s name,

Name a ¢ g . ;
and address of the manufacturer, lot number, dealer or dis-

o,
e

tributor, and date, place, and time of collection. Frequently the
temperature al the time of collection is also useful to the labora-
tory for the interpretation of resulis. Further, it is often desirable
that the reason for testing be given, e.g., samples may be collected
as part of 2 guality control or surveiflance program, as official
samples to determine conformity to regulatory standards, or as
part of a foodbome disease investigation.

2.3 EQUHPMENT, MATERIALS, AND REAGENTS

1. Instruments for opening containers. Sterile scissors, knives,
scalpels, can openers, or other hand {ools as required.
2. Ssmple ransfer instruments. Sterile multiple- or single-use
spatulas, scoops, spoons, triers, forceps, knives, scissors,
wongue depressors, drills and auger bits, corers, dippers,
metal tubes, and swabs as required.
Sample containers. Sterile multiple-use condainers, either
large or small-mouthed designs, nontoxic, leakproot, and
presterilized polyethylene bags or other suitable sterile, non-
toxic containers a5 appropriate.
Nousterile, nontoxic, single-service vials, polyethylene
© bags, or bottles that are clean and dry and donothave a vi-
able bacterial count in rinse tests in excess of one organism
permi of capacity are acceptable transport containers. Ster-
ile, evacuated sampling equipment also can be used. Sterile
glass containers usually are not desirable because of possible
breakage and consequential glass contamination of the sam-
pling environment,
4. Thermometers, Thermometers that measure ~20 to 100°C
with graduation intervals not exceeding 1°C. A metal dial
type or digital electronic unit is preferred due to the risk of
glass thermometers breaking, Thermoreters should be sani-
tized by dipping in a hypochiorite sohution not less than 100
mg/L, or other equivalent microbicide, for at least 30 sec
before being inserted into foods.
Microbicide. Medium strength (100 mg/ L) hypochlarite so-
hution or other approved disinfectant.
6. Labeling supplies. Pressure-sensitive tapes and Iabels, tags
of adequate size to hold sample information, indelible mark-
ing pens.
Sample shipping containers. For frozen or refrigerated
samples, rigid metal or plastic containexs that are insulated
and equipped with a tght-fitting cover. Each container

w

o

~3
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shouid have ample space $or the refrigerant so that samples
will remain at the destred temperatuxe untl axrival at the
jaboratory. '

Containgrs for nonperishable saxnples should be made of
sturdy corrugated cardboard or other material capable of
withstanding abusive shipping conditions.

Refrigerant or dry ice i5 be added as nesded for per-
ishable samples.

8. Balance. Abalance with 2000 g capacity having ) sensitivity
of 01 g witha 200 gload is accepiable.

9. Blenders and mixers. Mechanical blenders with several op-
prating speeds or rheostat speed control with sterile glass or
metal blending jars and coversora Stomacher {Tekmar Com-
pany, Cincinnat, Chio) are examples of acceptable devices.

10. Diluents. Sterile Butterfield's phosphate buffer {Chapter £3),
Sterile 0.1% peptone water (Chapter £3}. Sterile sodium chio-
side sohutions (Chapter 63). Special diluents required for spe-
cific microorganisms and special analytical conditions {spe-
cific chapters).

2.4 PRECAUTIONS

Adequate precautions should be taken to prevent microbial con-
samination of samples from external sources, incliding the per-
son taking the samples, air, sample containers, sampling devices,

and the shipping vehicle. When foods are packaged in small,’

sealed containers, collect the unopened containers rather than
portions from each container. ‘

The sanvpling operation shentld be organized in advance with
all the needed equipment and sterile containers at hand. For col-
lecting samples, use an instrument appropriate 1o the physical
state of the food.

Protect sampling instruments from exposure and contammina-
tion before and dusing use. Whent removing sampling nstru-
sments from the food container to the samiple containey, donot pass
thern over the remaining presterilized instruments. When opan-
ing the sterile sampling container, open it sufficiently to admitthe
sample, then close and seal it inamediately. Do not touch the in-
side of the sterile container lip or lid. Do ot allow the open lid to
hecome contaminated. Do not hold or £ill a sampling containes
over the top of abulk food container when ransfersing a sample.
Fill the sample confainer not more fhan 3/4 full to prevent oveX-
flow and to allow proper mixing of sample in the laboratory. o
not expel air when folding or whirking plastic sample bags. Sub-
mit an exply sterile sampling container similarly opened and
closed as a conixol. :

The sample collector must keep their hands away from the
mouth, nose, eyes, and face. Hands must be washed immnediately
before beginning the samypling and during sampling i the hands
become contaminated, Sterile plastic gloves may e useful to imit
contamination during the procedure.

Contaminated sampling equipment must be placed into
proper containers for ultimate disposal and/or sterilization. La-
bels must never be moistened with the tongue. Use direct label-
img of the container oY pressure-sensitive labels.

Chapter 1 gives additional safety precautions 1o ensie proper
handling and preparation of saamipies for microbiological analy-
sis, Food samples may contain infectious microorganisms of toxic
materials that may be potentially hazardous. The best protection
against hazards s the use of good sampling techniques and freat-
ing each sample as if it were contaminated.

28 PROCEDURES
257 Sampling Plans
Sampling plans were fizst developed in 1923 by engineers at the
Western Blectric Company, but were not immediately adopted ™
After World War I the Department of Diefense developed Mili-
tary Standards for attribute and variables sampling plang™ 255
(definitions in Section 2.511). These plans considered single and
multiple sampling based on the History of the producer perfor-
raance. Levels of sampling (2. tightened, nornal, and reduced)
that reflected prior producer performance were established for
these plans. Special categories of sampling plans have been
adapted to agricultural products 3905

A comprehensive set of single sampling atixibute plans has
been published for food microbiology 2 Typical points of san-
pling where sampling plans may be applied are shown in the
following cheeh

Puints of Sampling
Taw m-:azeriais

~
production line
prachucer’s warehouse

retail storage or sales outlet
¥
international pori—export or import

This discussion of sampling plans will be clarified i certain
basic concepts are stated at the outset. Firat, the lot to be sampled
must be defined. When a given quantity of product is surveyed
and uniis or portions of thisfot are taken for examination {includ-
ing microbiclogical analyses), the procedure is called “sampling.”
Samipling can be applied in a way that ensures fhat results ob-
tained will be statistically valid, In this case, 2 “serupling plan”
is developed, where selection of samples taken from a lotis car-
sied out in a manuer that ensures that each sample has the same
chance of being chosen. For example, assume thata 1ot defined
as “1000 packagesina warehouse” is to be sampled. Bach pack-
age is assigned a number. ¥ the 1000 itemns are stacked equally in
10 rows, then 1 to 100 would be assigned o the 1nits in the fivst
row, 101 to 200 to the second, and §0 o0 umtil afl packages are
aumbered. A random number table is used to chnose the required
aumbered containers for sampling * In this exanple, if we se-
lect five as the required ramber of packages, foen five typical
random numbers {fot size being 1000} couid be 586, 973,99, £38,
and 737, In addition to random sample selection, 8 sampling plan
will also contain instructions that specify the munber of packages
$o be taken and the basis for accepting oF rejecting the lot, Thus,
» sampling plan as employed in this context states the number of
wnits required to be randomly collected from a lot and lsts the
acceptance and rejection criteria, Before using a sampling plan,
it is usually prudent to consult a professional statistician 1o as-
certain that the lot of food to be sampled meets the criteria 7
guired by that particular sarapling plan.

2511 Definitions Used in Sampling Plans
The following statistical terms are frequently used inthe sarnphing
Titeratype MRS
1. Acceptance numberis}— The maxinwm number{s) of defec-
tives in an attribute sampling plan for which 2 lot will be

accepted.
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Acceptance guality level (AQL}—The maximum percent
defective {or the maximum number of defects per 100 units)
ghat for purposes of sampling inspection can be considered
satisfactory as a process average®

Anabytical unit—The amount of sample actually analyzed.
Abtribute—A gualitative characteristic of & sample unit, e.g.,
the results of an analysis are positive or negative for Sabmo-
nella.

Average ouigoing guality Hmit {A0QLM-The maxitum
possible percent defective that will result after 3 rectifying
inspection of the lot has been performed. In such an inspec-
tion, 100% of rejected lots ave screened to remove defective
iterna, provided such screening is 100% effective.® Typically,
ACQL values do not exceed 5%.

Binpmial distribution—Distribution of a population in
which a proportion (p) of the units in the population bas a
certain characteristic, and a properton {g = 1-p} does not.
Thus, each individual unit falls into one of only two classes,
either por q.

Consumer protection—The ability of & sampling plan to
identify unacceptable lots. This is measured as the comple-
ment of the probability of acceptance for Limdting Quality
(L) lots.™ The consumer protection is often set at 50%.
Consumer’s risk——The risk & consumer takes that a lot will
be accepted by a sarnpling plan even though the lot doesnot
conform 1o requirements ® This risk is known as a Type Irisk,
and in many standards®2* this risk is nominally setat 10%.
A second type is a consumer beta risk, which is the rigk that
the lot will be rejected even though it is actually satisfactory.
Continuous distribution—a distribution of a population of
measures that take on a continuum of values. A variables
sampling (Section 2.515) plan may be applicable.

Control chart—A graphic device that can be used o moxd-
tor repeated sampling from a manufacturing or measure-
ment process. )

Diestructive testing—A testing process that results in de-
struction of the unit or sample under test.

Diserete variate—A randdom variable consisting of isolated
points that can have a finite or infindte number of values.
These values can be used inan atiribute sampling plan. (Sec-
tong 2.512, 2.513, 2.514).

Estimate-—Any value computed from sample dats and used
to infer a corresponding population (ot} value, e.g., the
sample mean {average}. -

Estimaied process average—The average percent defective
or average nuraber of defects per 100 units of product found
at the time of original inspection.®

Frequency diskribution—The mathematical description of the
way members of a population are distributed. The informa-
tion about the distribution is used to calculate the probability
of lot acceptance or rejection. The discrete random variable
takes on a countable number of values, and the probability
distribution is defined by a probability mass function. 4 con-
timuons random variable is defined by a density function.

. Homogeneity of variances—The equality of variances

among populations, which must sometimes be tested.

. Homogeneous—AaA product having a uniform texture or con-

tent,

. Limiting Quality {L{)—Percent defective or defects per 100

units.® A lot having a 10% probability of acceptance is ve-
ferred to under many common standard®®# 3 a5 2 lot hav-
ing a quality level equal to 102,

19

20,

21

24,

5,

26.

27

28
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Lot—The rmumber of sanple units produced in one batch or
in some specified period of time such that the uniis will be
about the same quality. Each lot or batch should consist of
umnits of product of a single type, grade, class, size, and com-
position. The lot should bYe manufactured under the same
corgditions and at essentially the same time,

Lot inspection by attributes—Inspection whereby sither the
sample unit is classified as defective or nondefective with
respect to a requirement or set of requirements (when ona
“defective” basis), or inspection whereby defects in each
sample unit are counted with respect to a requirement or set
of requirements {(when on a “defect” basis).®

Lot qualiiy—A measure of the characteristic being con-
rolled.. The results of lot inspection are often expressed as
percent defective units {e.g., a vnit containing Sulmonella is
defective). Less frequently, the guality will be expressed in
terms of the variable measured {weight/unit, coliform/g).
Operating characteristic (00 curve—A graphical represen-
tation of the relation of the probability of lot acceptance to
Iot quality (usually expressed as percent defective units). This
curve will depend on the number of tnils required in the
sampling plan and the acceptance mumber. The curve also
shows the lot quality associated with the consumer’s risk and
the producer’s risk. It thus describes the conseguences of the
sampling phan {decision rule) for accepling lots of different
guality.

Population—Any finite or infindte collection of individuals
{samples or units) on which decisions are to be made.
Probability—aAn estimate of the frequency of ccourrence of
an event, e.g., probability of n samnple units out of a popula-
tion being positive for Selmenella, expressed as a value from
0 to 1. For a sampling plan, assumption of a particular prob-
ability distribution (i.e,, binomial or Polsson) allows the es-
Hmation of the computation of the probability of lot accep-
tance versus lot quality in an operating characteristic curve,
Producer’s risk—The rigk that a producer {akes thata lot will
be refected by a sampling plan even though the lot conforms
to reguirernenis.® This is calied an alpha risk, and in many
plang®™ 5% this risk is set at 5%. Anocther type is the
preducer’s Type I risk, which is the risk that the lot will be
accepied even though it does nof conform to requirements.
Froportion defective unils (F}—The number of defective
units divided by total units in a lot. Proportion defectives I
or percent defectives {100P) are often plotted as the abscissa
onan OC curve,

Random sample—A sample that was chosen in such a way
that every sample or unit in the lot had equal chance of be-
ing selected. This is often achieved with the ald of a random
number table.

Representaiive sample—In the widest sense, a sample
which is representative of a population, and not merely a
postion of it. Some confusion arises if “representative” is
regarded as meaning “selected by some process that gives
all samples an equal chance of appearing to represent the
population.” In fact, a representative sample is one that is
considered typical of a population in respect of certain char-
acteristics, however chosen. To obtain a truly representative
sample, there are four requirements: (a) determine the loca-
Hon of sampling points critical to the population; (b) estab-
lish a sampling method representing the population charac-

~ {eristics; {c} select the sample size; and (d) specify the

frequency of sampling,
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29. Sample unit—The smallest definable part of alot, also called
aunit, For example, a singleton or a packageisa sarmpie unit,
When lots are bulk packaged in bins, barrels, bags, #tc., then,
the samnple unit is arbitrary and may depered on the sampling
device. The use of the word in this context should be differ-
entiated from the analytical sample unit specitied by the
anatytical method.

30, Sampling plan—A design that indicates the number of units
to be collected from each lot and the eriteria to be applied in
accepHing or rejecting the Iot, A single sempling plan requires
the lot to be fudged on the basis of one set of sample units
{Section 2.512). A double sampling plan (Section 2515} is 2
sampling inspection in which the inspection of the first
sample leads to a decision to accept, to reject, or to fake a
second sample. The inspection of a second sample, when
required, then leads to a decision to accept or reject. Two or
more such collections would mean that a multiple sampling
plan was being used. Another procedure where units are
drawn one by one {ot in groups) and drawing at any stage
determines whether fo accept, reject, or continue sanpling
is called 8 sequential sampling plen.

31. Sample size—The raumber of samples selected from a lot.
The sample size should accurately describe the population,
and shouid be the most economical possible to reach a cer-
tain level of accuracy. If the testing method is nondestruc-
tive, it may be possible to conduct sampling of 100% of the
units in a lot. Typically, microbiological testing destroys
product, and thus 100% sampling is not possible. Sample size
can be determined by using sampling plan master tables,
such as those found in Military Standard 105D, published by
the American National Standards Institute™

37, Sirstified random sampling—A procedure for sampling
where the lot is divided indo parts or strata that differ with
respect to the characteristics under study. nsome cases, this
is a way of improving the estimate of fot quality,

33. Fero defective folexance—An evaluation system implying
that a lot must be free of the undesirable characteristic o
defect. All units in the lot must be tested in order to ensure
zero defectives, This can be performed only where the test
is nondestructive. The requirement of zere defects is defi-
nitely not possible in microbiclogical sampling plans since
these cannot be applied to all units in a test lot.

2,512 Single Sampling (Two-Class) Attribute Flans
Single sampling procedures are useful in food inspection since,
in many production processes, the lotcan be sampled and tested
only once. In addition, the resulis of microbiological tests are
clearly defined as attributes. For example, an atiibute such as the
presence or absence of a microorganism, e.g. Salmonslia, is fre-
quently reported. In other instances, a certain Jevel of organisms
may be acceptable. For example, a unit may be acceptable if ithas
less than 3 E. coli colonies /g of sample.

Single sampling atiribute plans alse have the advantage that
the true distribution of the variable in question {e.g., E. coli/g) is
not required. Single sample plans and the rultiple sample plans
in the next section {2.513) can be evaluated by using the hyper-
geormnetrie, binomial, or Poisson distributions. The chodee of dis-
tributions used to compute the probability relationships®® de-
pends on the nuxmber of units (N} in a lot. When Nislarge relative
to the sample size {n}, or when the number of defective saxnples
in a lot is small, 2 Polsson distribution can be assumed, serving
as an approximation of the binomial distbution. The type of lots

acceptable for single sample procedures ave assumned to be large,
of homogeneous quality, and to satisfy the conditions above.

Steps for choosing and applying an attribute sampling plan
ave as follows:

»  Select the measuremenis of interest.

s Define the sampling writs that constitute a lot,

¢ Determine & value of consumer’s and /or producer’s tisk to
ensure the lot quality {163 or AQL) desired.

¢  (Obtain an esthinate of process average.

»  Compute or select a plan that meets the risk and lot guality
reguirements,

+  Caleulate the OC curve.

s Apply the plan on a group of randomly selected units from
alot.

» Maintain records on the process average (f you are a pro-
ducer) and make changes in the plan as necessary.

Figure 1 presents fhe operating chavacteristics (OC) curves for
seven single sampling plans. These OC curves for the sampling
plans will be used to help Hlustrate the process of choosing a plan.
The reader should refer to Dodge and Romig,? Duncan,” and In-
ternational Commission on Microbiological Specifications for
Foods® for presentations of complete sets of plans where OC
curves for additional values of n or ¢ are giver. Figure 1 has an
acceptance rumber {2) of zexo, or zero tolerance, which means that
any positive results on a test lot will result in the refection of that
specific Jot. '

As an example, consider that a Iot N > 1000 uxits is to be ana-
tyzed for coliferm MFN /g and a unit is to be called defective if it
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Figure 1. Single sampling {two-class] attribute plans for sarmple sizes
n=3 5 10 15 20, 30, 60 andc=0.
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fas MPN 2 100 /g, and to be called acceg?tabie or nondefective if
it has an MPN < 100/g. A sampling plan is wanted to define the
nurnber of undts {n} to sample where the number of defectives {¢)
equals zero and the probability {consumers risk) of accepling lots
with 8% or more defective units is 10%. Using these criteria, the
sampling plan to be chosen (Figure isn=30and c=0.

Gince microbiological tests are destructive (the sample unit
cannot be used after testing), cost of sampling may be balanced
with the cast of the risk. For example, & plan may be designed to
inspect incoming raw materials and, on the other hand, may be
designed to sample consumer products before releasing lots for
sale, The measurement (Le., coliform MFN/ g) may be the same,
hut the choice of plan will be affected by other factors such as (a)
processing conditions, (b} potential health hazard of the products,
() persistance of organisms under different storage conditions,
and (d) type of plan used by regulattry agencies to inspect the
same lots. The n = 15, 20, 30, and 40 with ¢ = 0 plans in Figure 1
ave in commmon use™ 2 o test for Salmonella. The n =3 and 5 with
¢ = 0 plans coudd be used for screening raw materials.

Some analytical provedures are sufficlently sensitive to mea-
suxe the presence of a single organista when the sanpling units
are pooled. A positive test indicates that one or more of the units
was positive from n pooled units. This produces the same deci-
sion for a plan {e.g., n=5, ¢ = () as if the units had been analyzed
separately. Pooling of sampling units cannotbe done when >
or when a positive sample is defined quantitatively (e.g., E. coli
colonies/ g}, Caloudations with OC curves are found in the refer-
ences.®®

Jtshould be noted that as sample size nincreases, the OC curve
becomes idealized, with a probability of acceptance being 100%
with () defects, and falling to a probability of 0% when the frac-
tion of defecis is > 0. Also, as the acceptance numiber ¢ decreases,
the OC curve shifts to the leff, evidence that with a given num-
ber of defective units, the probability of accepting the lot de-
creases.

2.513 Multiple SBampling (2-Class) Attribute Plans

Sampling plans of this type aze designed to inspect lots based on
mudtiple samplings. The lot is accepted or rejected based on se-
quential decisions. As an example, consider a double sampling
plan (Figure 2) of n, = 10, ¢, = D and n, = 6, ¢, = 1. This plan re-
quires that 10 units be analyzed and the lot be refected if any unit
is defective. If only 1 of the 10 units sampled from the same lot is
defective, then 6 additional units are tested, If one or more of the
6 units are defective, then the lot is rejected; otherwise it is ac-
cepted. The operating characteristic curve for this plan is given
in Figure 2. In this example, if there were 24% defectives in the
fot, the plan would accept 10 of 100 lots and the average outgo-
ing quality would be 5% defectives,

Pigure 2 shows the operating characteristic curve for the
double sampling plan and one for a single sampling plan{n="7,
¢ =0} that have the same average (5%} outgoing gquality limit
{A0QL). Although the AUQLs are equal in the two plans, it can
be seen that the probability of accepting a defective lot is lower
for the single sampling plan. Jn addition, the choice of taking 15
units {¢ = 0) for a single sampling results in 3 lowering of the
AQQL from 5% to 2.5%. Thus, in choosing sampling plans, one
must consider the probability of acceptance of a defective lot that
will be tolerated,

Adouble or other mumitiple saropling plan requives that the lot
of urits be available if extended sampling is necessary. This is not
Practical in many types of foods. However, the advantage of

P
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multdple sampling plans is that lots of good quality {i.e., low
coliform count) will on average require fewer samples to be tested
than if tested by a single sample plan giving equal protection, For
example, a two-stage or double sample planof n, = 1 n, = 6
might require that just the first 10 units be analyzed. Thus, the
average sample number tested would be decreased.

Further information on the design of multiple sampling plans
can be found in Dodge and Romig? and Duncan® A plan can be
devised i the desived average quality limit (LQ), consumer (AQL)
and/or producer’s risk has been selected. Dodge and Romig?
present the operating characteristic curves for double sampling
plans and several outgoing quality Hmits (0. 1 to 10%, p. 112}, The
figres allow a quick assessraent of risks for each plan. The dia-
gram shown i Figure 3 is an interpretation of double sampling
plans.$

2514 Three-Class Attribute Plans

Three-class ativibute plans were developed by Bray et 2l in con-
junction with the ICMST o be used with methods recommended
by Thatcher and Clark? who siated™ that the “test is concerned
primarily with plans that may be applied to lots presented for
acceptance at ports or similar points of entrv.” It was assurned
that very litile, if any, information would be known about the
quality of lots and, thus, attribute plans, two-class plans {Section
2.513}, and three-class plans would be applicable. These plans are
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Figure 2. Qperating charscteristic curvas for two single and one
double sampling plan with average outgoing lot gusiity imit 2.5 and
5.0%. The ¢ = 0 for a single sampling plan indicates that a lot will be
rejected if g single unit of the sample is positive. Refection of the ot
will ooour T twe or more unite of the first or second sample are
positive for the double sampling plan.
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also useful for inspecting lots within a country or corporation
where more infarmation is known about alot.

Tharee-class attribute plans differ from those described in Sec-
tion 2.513 by having twe microbiological limits that cxeate three
classes of product. Bray et al.” noted that the choice of imits {e.g.,
for coliform MEPN, a quality or sanifation indicator) is difficult.
Nonetheless they state that “most sclentists can provide two num-
bers: one below which they have litte or no concern and a higher
value above which they cleaxly begin to have critical concern. If
we denote the lower level by m and the larger one by M, then the
set of values in the range [m, M] can be considered safe.” Obser-
vations falling in the regions defined by the two limite are called
accepiable, marginal, and unacceptable. The acceptable results
have vatues equal to or less thanm {Sm). Marginal observations
fall between greater than 1a and equal to or less than M (e.g., [
M1}, Unacceptable results are greater than M. Three-class attribute
plans can be specified by a sample size 1, the number of units
allowed {c,) between jimits 2m and € M, and the number of units
allowed {c,) equal to or above M, It is assumed that all umits S m
are acceptable. However, as stated above, the value of Mis the
decision point for this type of sampling plan. The value ofc,=0
was set in all plans discussed in Microorgunisms in Foods 2% and
ins the discussion below, Thus, the sampling plans are noted as n,
¢ where ¢ is the number of marginal samples allowed, The fhuee-
class attribute sampling plens found in Microorganisms in Foods 2
present a detailed description of the type of microbiological meth-
ods 1o be recommended, potential risk of contamination, and
subsequent hazard for a wide group of products and the choice
of Tiznite my, M for these products. Suggested sampling plans are
presented for fish, fishery products, vegetables, dried foads, fro-
zen foods, milk, miltk products, rTaw meats, processed meats, shelf-
atable canned foods, and fresh or frozen raw shellfish, Different
measurements are of interest for each product and include sero-
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Figurs 3. interpretation of 8 double sampling plan.
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bic plate count, coliforms, fecal coliforas, Salmonells, V. parahaemo-
tyticus, Staphylococcus aureus, B. cereus, (. perfringens, and C. botu-
M. Limits {m, M} were chosen for produch-measurement com-
bination and plans were established based on risk.

The ICMSF2 categorized the types of microbiclogical hazards
and conditions to which a lot of food would be exposed. This
categorization is an aid to the microbiologist when considering 2
choice of samnpling plan. These hazards were defined as follows:

1. No direct health hazard, utility {e.g., general contamination,

reduced shelf life, and spoilage).

Health hazard low, indirect {indicator).

Health hazard moderate, direct, Umited spread.

Health harzard moderate, direct, potentially extensive spread.

Health hazard severk, direct.
These hazards are linked with three conditions of risk {reduc-
Hon, no change, or increase) that reflect how a food was expected
to be handled and consumed after sampling. The conbination of
the types of harzards and conditions of risk yields 15 cases where
suggestions of sampling plans and Hnits could be presented for
products, slthough only a few cases would be realistically apphi-
cable for a given product and messurement,

Sampling plans for hazards 1, 2, and 3 ave three-class plans in
whichn=1},c=Ln=5c=Fn=58c=Zandn=5c=1LIn
these cases (of the 15 defined cases) limits {m, M] are set to de-
fine marginal quality. When the hazards are more severe {ie. 4
and 5) two-class plans in whichn =60, c = n=30,c=0;n=20,
c=0n=15, ¢ =0 n =10, ¢ = G and n =5, ¢ =  are suggested. As
noted in Section 2.513, the two-class plans above mean thatn units
are analyzed and the lot is accepted only if all units are negative
for some characteristic {e.g., Sabmonella). The operating chavacter-
istic curves are given for the two-class plans above in Figure 1.

The approach of the ICM5F* on three-class plans was 1o de-
fine visks, suggest limits fora wide variety of specific cases, and
suggest plans to be employed. This approach difters from other
texts on sampling plans in that the mathematical tools for com-
puting and comparing plans ave presented, and the reader must
make a choice of vaxious conditions. Those desiring to compute
fheir own three-class plan should consult Bray et al’

Operating characteristic contours presexied as two-way tables
are used rather than operating charactexistic curves for three-class
atribute plans. These contours reflect the fact that the true mar-
ginal percentt can vary from 0 to 100% at the same time the pro-
portion of defective units (value 2 M) varies from 0 to 100% with
the obvious restriction that the sum of pexcent good units, per-
cent marginal units and percent bad units must be 100%.

The choice of an JCMSF sampling plan is siraightforward.
Pirst, specify the food and measuremert (e.g,, freshwater fish and
fecal coliforms). Second, specify the risk, ICMSF® suggests case
4 in this example, which reflects low indizect health hazard at
reduced risk. The sampling planisn =5, ¢= 3. The laststep is to
choose limits m and M for the product to be sampled. ICMSE ¥
recommends m = 4 and M =400 for freshwater fish. The complete
planislisted (g, n=8¢=3m= 4, 3 = 400}, once the product
and measwrement are specified.

To derive a three-class plan, one must consider {a) the assign-
ment of xisk o the product, (b} the choice of sampling plan based
on a comparison of probability of acceptance versus percent
marginal units (assuming we will not accept any bad units), and
{c) the values of m and M for the product. The choice of risk and
the setting of m and M may differ depending on the purpose of
the sampling, One set of FDA sampling plans for Salmonella has
valuesofn=15¢c=0;n=30,¢c=8n=60,c=0"

O W N
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2515 Variables Sample Plans :
A variables plan can be used when the pmbabil?iy density func~
tion of a measurement is kxown, 3:mi a majority of .pubhsht‘*:d
1ans arve computed when the distribution of the variable or its
transformation is normal (Gaussian). An advantage of the vari-
sbles plans over single sampling plans is that fewer samples are
wqujfed, rosulting in a lower cost fo achieve the sare pm?ec:twn
as a single attribute plan. Disadvantages include the cais:tdancms
involved in evaluating a lot, the different calonlations required
for each variable {coliform, E. coli, ot} and the requirement that
the probability distribution must be knowrn or assumed for each
measurement. The last two requirements may prove to be the
most nconvenient. A series of three or four variable {e.g., aero~
bic plate count, coliform, E. coli, and 5. gqurens) measuremenis may
pe required ona product. The transformation that ensures a nox-
mal distribution may notbe known, and the estimates of variance
aze often different for each measurement. For these reasons, vark-
ables sampling plans arenot widely used in the food industry for
microbiological measurements, For further information about
derivation of variables sampling plans, refer to Dunean®
Krarner® and MIL-8TT3 414.7

2,516 Sampling Procedures for Low Confamingtion
Levels

The microbiologist offen encounters a situation where produe-

tion lois of a product with low incidence of a pathogen Jow -

ber of contaminated units) must be sampled {(e.g., 1 positive

Table 1. Numbsr of Samples Needed 1o Detect a
Fraction Positive® with Probability 0.8,
8.95, and §.88 Where at Least One Positive
Result Ocours

Fraction Number of analytical

positive® units io be tested (n}

samples (P} Probability (1-Pr} 0.50 095 899
10 3 4 4
(R 3 4 5

0.8 3 4 6

87 4 5 7
LR 4 5, 8
8.5 5 & 9
0.4 6 8 12

8.3 10 10 16
0.2 12 15 23
0.1 23 30 46
0.09 26 34 51

008 28 38 58
8.7 33 43 )
006 38 53 77
0.05 46 60 92
0.04 58 75 115
0.03 77 100 154
0.02 115 ' 150 230
vl 230 299 461

0.00% 2,305 2.9%6 4,605
4.0001 23,026 25,963 46,082

* Can be computed from Thorndike Table, p. 38 of Dodge and Romig.?
¥ The fraction of poattive units {e.g., 80 positives in 100 analytical
units),

Bamnpling Plans, Samples Coflection, Shipment, and Preparation for Analysis

sample wnit in 500}, How many sample units should be taken to
have a high probability of detecting the pathogen? Suppose 200
sample units have been analyzed and all are negative. Whatcan
be reported about the lot? Clearly, the whole lot may not be free
of the pathogen. The same situation also arises in sterility test-
ing. In both of these sitnations, it is assumed that the pathogen
or contaminant can be detected if present in an analytical sample
{e.g. 25 g) and the results will be reported as positive or nega-
tive. Other necessary assimptions are given in the discussion of
single sampling attribute plans {Section 2.512}.

Table 1 lists the number of samnple units () needed 1o deteci a
positive result at & given level of fraction positive analytical units
ina fot. This table can be used to determine how many units showdd
be analyzed in order to detect 2 positive at a given fraction posi-
tive level. Suppose a regulator knows that the fraction positive of
& certain pathogen is (.04, How many sample units should be
obtained in crder to find a positive unit with probability 0.95? In
Table 1, we go down the left hand (fraction positive samples) o
0.04 and over two cobanns to (1-Pr) = 0.95. Pr is the probability
that afl i units are negative. The required sample size is 75.

Let us examine the situation from another point of view, Sup-
pose & producer knows that pathogens can be found I his prod-
uct with 2 frequency of 6 in 1,000 units. The regulator takes 30
sample units per lot. What is the probability (Pr} that all 30
samples will be negative? The answer is Pr=e 00 09 . ( g4
Thus, the regulator has a 0.16 chanee of detecting a positive from
a lot with a frequency of defective units of 0.006. Sumply stated,
§4% of the time that 30 samples are collected from this defective
1o, no defects will be found, while defective units will be found
16% of the time, ‘

Another situation arises when a sanaple of nunits is examined
and all are negative for the pathogen in question. What can be
said about the rest of the Iot in terms of any units being defec-

Tabie 2. Fraction Positive Samples When the
Probability® s That All n Samples Are

Negative
Mumber of F = Fraction posilive samples
analytical Probability (P}
negativeunits{n) = G010 0.05 0.01
3 g.77¢ 100 150
5 0.46 {.60 g.92
10 0.23 830 0.46
13 .18 (.20 .31
20 812 .18 (.23
25 £8.092 .12 0.18
30 8.077 8.10 .15
35 0.066 (.086 0.13
40 0058 0075 012
45 .051 4.567 010
50 3.046 £.068 0.092
100 €¢.023 0.030 0,046
200 8.012 0.015 0.023
300 G077 0012 015
400 0.0058 00075 .02
500 .0046 {.0080 0.0092
1000 0.0023 {.06030 0.0046

¢ Can be computed from Thomdike Table, p. 35 of Dodge and Romig 8
b Roundad to two significant digits.
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tive? Table 2 shows one way of expressing the result. The frac-
tion positive (defective units) per Jot can be related to the prob-
ability, Pr, when all n sample units examined are negative. 3100
sample units were negative, then there is only 1 chance in 10 (Pr
= 0,10 that the fraction positive exceeds 0.023 per fot. Conversely,
the probability is 9 chances in 10 that the fraction positive s 0.023
or lower. Stated yet another way, there is a probability of 16% {at
most) that 230 sample units in 10,000 have 2 pathogen. So even
in a lot size of 10,000, there is some chance {although only 10%)}
that 2 positive unit wili reach a consumer. Thereis an additional,
though small, probability that the consumers will receive the unit.
This is because the distribution of microbial confaminants in the
lot is not uniform, The fact that contaminanis are not evenly dis-
iributed throughout the lot increases the chiances of not detect-
ing them, and thus increases the probabitity of accepting the de-
fective lot.

¥ the samples were homogeneous and the organisms could
be assumed to be randomly distributed throughout the lot, then
an estimate of concentration could be obtained (Chapter 6). Yor
example, assuming that one Listerin monocyfogenes OTganism oc
curs in each 10 mL of milk, if n samples of milk are taken froma
well-agitated bulk milk tank, then the concentration of pathogen
could be estimated. I the analytical sampie is 1 L, how many
sarnple units are required to obtain at least one postiive sample
with probability 0.957 From Table 1 we see that 30 samples should
be examined.

Let us further suppose that 2 of the 30 results ave positive upon
examination, Based on the resuits of a single dilution, the estimate
of concentration of L. monocyiogenes/ml. = In{n/# negatives) =
In{30/28) = 0.06%. Thus, sampling plans are useful not only for
lot inspection, but in determining risk and in predicting a speci-
fied level of organisms associated with a given probability, al-
though this is limited to lots where the organism i3 evenly dis-
teivuted. In addition, the concentration can also be estimated in
some restricted cases.

2,817 Summary

The siscussion of sampling plans in this section has been modi-
fied for application to microbiological measurements. A general
survey of plans is presented, but some of these procedures donot
tend themselves directly to microbiclogical sampling in foods.
The brief discussion of multiple sampling plans does not mean
that these procedures may not be found useful. The sampling fox
microorganisms is destructive, the xesults may be delayed for
several days because of incubation requirements, and the foods
way be perishable. Thus, single sampling plens are generally best
suited to most situations.

Variables sampling plans are subject {o additional disadvan-
tages beyond those stated in Section 2,515, The general level of
statistical knowledge in the typical food facility may prevent the
use of these plans, Calculations needed io choose and apply the
variables plans may prove burdensome. The two-and three-class
atiribate plans are casy to apply and thus should aid in the spread
of statistics in microbiological sampling of foods. Additionally,
the ICMSF? has presented extensive suggestions of specific plans
and microbial criteria to be used on a wide variety of products.
This reduces the amount of work necessary in calculations and
time spent in plan selection. Thus, the single sampling two-class
and three-class attribute plans have the most utility in samnpling
of foods for microbiclogical analysis, Individuals who wish to
derive their own sampling plans are advised to use Dodge and
Romig,® Duncan,” and MIL-STD 1052

282 Sampling Procedures

Tt is necessary to consider the physical state of the product o be
sampled (e.g., dry, semisolid, viscous) and the reason for sampling
and testing before taking samples so that the numsber of units will
be representative and / or statistically significant for the intended
use.2 The sampling procedures described in this section are those
that generaily apply. Unusual sampling procedures that may be
required for specific foeds are given in the chapters dealing with
particular microorganisms or commodities.

2.521 Finished Products

Consumer packages of fonds should be sampled from original
unopened containers of the same processing lot. Record process-
ing information and product code of samples on forms submit-
ted with samples. The practice of submitting unopened contain-
ers prevenis contamination that might be introduced by opening
at the sampling location, In addition, it allows laboratory exami-
nations to be performed on products and packages or containers
as they are offered fo the public.

2.522 Bul Liguid Material

i the products are in bulk form or in containers of a size Imprac-
tical for submission, asephically transfer a represeniative sample
poziion to a sterile, leakproof container. Before drawing & sample,
aseptically mix the food mass to ensuxe that the sample is as ho-
mogeneous as possible. I adequate mixing or agitation ofthe bulk
product is not possible, multiple samples should be drawn from
the bulk container. Do niot fill samyple containers over bulk con-
tainers of food. Care must be taken to select sample containers
with enough capacity o accommodate the needed sample vob-
ume when the container is 3/4 full. Avoid the use of glass sample
containers. Thermometers used in bulk food containers should
be sanitized before use.t Cool perishable samplés to 07 to 44°C
gquickly if they are not already refrigerated. Metal thermometers
are preferred since breakage of a mercury thermometer woudd
contaminate the product.

When appropriate, a temperature control sample should be
prepared and submitted with the samples t¢ be tested. If a tem-
perature control sample is needed for frozen samples, use a con-
tainer of sthylene glycol. The sample should be sealed in its con-
tainer so that the container will not break or leak and introduce
extrancous contandnation. i the sample is to be examined fora
regulatory purpose, the sample container must be sealed so that
it cannot be opened without breaking the seal. In addition, an
empty stexile sample container should be submitted 2s 2 container
control, '

2.522 Bulk Solids or Semisolids

Sampling of dry or semisolid foods should be done with sterile
triers, spoons, ox spatulas. Sterile tongue depressors may be sub-
stituted for spatulas. Aliquots from several areas of the food un-
der examdnation should be taken to ensure a yepresentative
sample, Care should be taken to protect this type of sample from
excess humidity.

2.524 Frozen Bulk Materials

Frozen bulk foods may be sampled with sterile corers, auger bits,
and other sharp sampling instruments, A presterilized anger bit
or hollow tube may be used to obiain encugh material for analy-
sis, Frozen samples should be kept frozen until arrival at the labo-
ratory. Thawing and refreezing of samples must be avoided.

20 4
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A suitable procedure for obtaining test units of fozen foods
{particularly fram larger sarples) is o use an electric drill com-
bined with a funnel’ The sterile auger bit is inserted through a
sterile plastic funmel {(which has been cut off 5o the hole is just
siightly larger than the bit) held against the frozen sample (Fig-
ure 4). The frozen shavings are conveyed {o the surface and col-
jected in the funnel. The shavings then can be placed in a sterile
samiple container, Por larger solid food samples—irozen or un-
frozen, test units should be taken aseptically from several areas
using sterile knives and forceps. These portions should be mixed
as a composite to provide a sample representative of the food to
be evaluated.

2.525 Line samples {in-process samples)

1. Liguids. Sterile metal tubes or dippers may be suitable sar-
pling instruments at certain plant locations for lguid food
samples. Disposable plastic transfer pipets can also be used.
A spedial line sampling technique involves the use of 2 dis-
posable sterile hypodermic needle and syringe. The needle
is inserted into a rubber closure of a stainless steel nipple.
The nipple can be clamped on or permanently located at any
degired spot.® ‘

Sampling cocks on holding tanks and product pipelines
may be used, but disinfection and material flow-through of
the sampling cock must be assured before collecting the
sample.

2. Solids, Sanpling of sulid line samples may be accomplished
using the same equipment and procedures as would be used
for budk solid or semisolid products. Antornatic sampling de-
vices are available for powdered products and other solid
products not requiring refrigeration. When automatic same-
plers are used, the manufacturer’s divections mist be strictly
followed.

3. Special purpose samples (foodborne outbreaks, consumer
complaints). In some instances samples are tested as part of
a focdborne disease outbreak investigation or on the basis
of 3 consumer complaint. Consult 8 clinical or public health
Iaboratory. Such situstions may be the subject of legal pro-
ceedings, and laboratory personne} may be reguired to tes-
tify concerning the resulis of their examinations. If the record
of sample collection and handling is incomplete, orif samples
are received in a partially decomposed state or having been

Figure 8, Funnel collsction apparatus.

Sampling Plans, Sarmple Collection, Shipment, and Preparation for Analysis

temperature abused, the laboratory resulis may be of little
or no value.

In outbreak situations, collect all suspect foods. ¥ there
are no lefover foods, try to get samples of items prepared
irv a simdlar manner subsequent to the suspected food. Col-
lect ingredients or raw items used in the suspect food, if avail-
able, All of these foods should be held under suitable condi-
Hons until an analysis of the attack rate data and other facts
can define more accurately the suspect food(s). The origi-
nal containers in which the foods were found also should be
collected, labeled, and submitted for examination. Other
specimens as well as foods from outbreak investigations are
essential. Human specimens may include stools, vomitus,
arid serurn, depending upon the suspected cause of illness,
These specimens should be collected in sterile leakproof con-
tainers and should be properly identified as to the patient’s
name, type of specimen, and date of collection. Transport
media is sometimes indicated. Aseptic techniques always
should be used to obtain samples even if the foods have been
mishandled grossly.

4. Samples for water sctivity messurements, Collect samples
intended for water activity in sealable, vapor tight contain-
ers. Obtain small unopened, retailsize packages i possible.
When sampling from bulk containers, work quickly o min-
mwize changes in water content.

5. Bamples for pH measurements. Samples to be tested for
their pH and/or titratable acidity should be collected indo
Hightly sealed containers. If the material to be tested is un-
dergoing fermentation or some other gas producing reaction,
use a venfed container or flexible plastic bag with ample
space for expansion.

25286 Storage and Shipment of Samples

When it is necessary 1o store samples pricr o shipment, a stor-
age area for frozen (-20°C) and for refrigerated {0° to 44°C)
saraples should be available. Waterproof labels should be used
on sample containers to prevent loss of labels. Direct labeling of
containers is preferred.

Whenever possible, samples shoudd be submitted to the labo-
ratory in original unopened containers,

Samples should be delivered io the laboratory as rapidly as
possible. The condition, time, and date of arrival at the jabora-
tory should be recorded. The samples should be packed to pre-
vent breakage, spillage, or change in temperature. Since labora-
tory examination of food samples requires preparatory work, the
iaboratory should be given advance notice, if possible, of the
nurnber and types of samples being submitted. ¥ the product s
in 2 dry condition or is canned {flat or normal}, it need not be
refrigerated for shipment. Swollen containers should be shipped
with coolant. The product label may alse indicate whether refrig-
eration is required, Samples not requiring refrigeration or freez-
ing may be packed in a cardboard box using appropriate pack-
ing material to prevent breakage. Refrigerated products must be
transported in an insulated shipping container with sufficlent
refrigerant to maintain the samples at 0° to 4.4°C until arrival at
the laboratory. Water frozen in plastic containers or cold packs
serves well for 0° to 4.4°C shipping and should last 48 hr under
most conditions. Do not use Joose ice as this may cause product
contamination ¥f the container breaks or leaks, Dry ice may be
used for longer transit tines if the sample is separated from the
dry ice packing material to avoid freezing. Refrigerated products
should not be frozen, as destruction of certain microorganisms

i 21
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will pocur. Frozen samples can be kept frozen by ensuring that
the samples are shipped with dry ice. Prozen samples collected
in plastic bags, however, must not come in direct contact with dry
ice as the plastic bag will become brittle aud subject to ruphure
from the exireme temnperature. Use paper or another suitable
material to protect the sample. Such sarpies should be trans-
ported to the laboratory by the fastest possible means. Mark the
shipment of samples as “Perishable,” “Packed in Dry Ice,” “Re-
frigerated Biologic Material,” ot “Fragile,” as appropriate. Label
the shipment according to federal postal service rules and Depart-
ment of Trangportation regylations*¥

2.527 Preparation of Homuogenates

Use aseptic technique. Prior to opening, swab the exterior area
of the container with 70% ethanot to destroy microorganisms that
raight contarminate the sample.

Samples should be examined promptly. Whan initiation of
analysis must be postponed, store frozen samples 8t -20°C unidh
they are to be examined. Refrigerate unfrozen perishable samples
at 0° to 4.4°C for not more than 36 he

Store nonperishable, canned {normal, flat}, or low-moisture
foods at room temperature until ready for analysis. Frozen
samples should be thawed at refrigeration temperatures {<4.4°C)
for no longer than 18 hr in the original container in which re-
ceived * If the sample raust be removed from the original con-
taines, it should be done aseptically. Alternatively, higher tempera-
tures may be used for a short period of time, but the temperature
rrust remain low io prevent destruction of microorganisms
{<40°C for €15 min). Frequent shaking of samples is necessary
when samples are thawed by the altesnate procedure. A thermo-
statically controlled water bath with agitator is recommended for
the rapid thawing of samples. :

Liquid or semiliquid samples in containers that have an air-
space can be mixed by rapidly inverting the sample container 25
tines. Sample containers that are 2/3 to 3/4 full should be shaken
25 times in 7 seconds over a 30 om arc. The interval between mix-
ing and removing the test portion should not exceed 3 min. To
ensure a homogeneous sample when no airspace is present, asep-
tically open the container and pour the product from the filled
container back and forth into a sterile container three times.

Diry samples should be aseptically stirred with a sterile spoon,
spatula, or other utensil to ensure a homogeneous sample. Test
portions of nonviscous lguid products (e, viscosity not greater
than milk) may be measured vohunetrically using a sterile pipette
{11tk inte 99 mL, or 10 ml inte 90 mL, or 50 mk into 450 mL). I
the pipette becomes contaminated before completing the trans-
fer, replace it with a sterile pipette. Do not insert the pipette mone
than 2.5 cm below the surface of the sample. The pipette should
be emptied into the diluent by letting the column drain from the
graduation mark to the rest point of the liquid in the tip of the
pipette within 2 to 4 sec, then touch the lower edge of the pipette
tip against the inside of the neck of the dilution container. Do not
biow cut the last drop or rinse the pipatie in the dilution fluid*

When measuring products having a viscosity simnilar to milk, the.

tast drop should be blown from the pipette. For viscous liguid
products, the test portion for the initial dilution should be asep-
tically weighed (11 £0.1 g} into a sterile 99 mL dilution blank {ox
10 £ 0.1 g ino 90 L, or 50+ 0.1 g into 450 mL), This provides a
1:10 dihation.

Test portions of solid or semisolid foods should be 802 01 g,
The 50+ 0.1 g test portion should be weighed aseptically (using
sterile forceps or spatulas) into a sterils tared blender cup™'; then

22 %

add 450 mL of sterile diluent. A variety of diluents may be used
depending upon the nature of the product. Those most commonly
used are Butterfield’s phosphate buifer and €.1% peptone water.
When analyzing for specific organisms, other diluents may be
appropriate, e.g., 3% NaCl for Vibrio parahaemolyticus. (Refer to
the chapters on specific groups of organisms for other diluents.)
When analyzing fatty foods or lump-forming powder, wetting
agents such as Tergitol Anfonic-? {1% weight/volume} may be
included in the diluent to promote emulsification. Blend for 2min
at Jow speed (approximately 8000 rpm} fo disperse the material.”
The blending time may vary depending on the type of food *
Some blenders may operate at speeds lower than 8000 rpm. Itis
preferable to use a higher speed for a few sec initially. No more
than 15 min shouid elapse from the time the sample is blended
until all dilutions are in appropriate media,

Chotionally, if the entire food sample is Jess than 50 g, weighto
the nearest (.1 g portion approximately one-half of the sample
inte & sterile tared blender cup. Add sufficient sterile diluent to
make a 1:18 dilution (e, add an amount of diluent equal to wine
times the weight of the test portion in the blender cup). The total
volume in the blender cup must cover the blades completely.
Blerd as described above.

If the sample is not homogeneous, weigh 50 g from a repre-
sentative portion of the package into a stexile, fared blender cup
or analyze each portion of food seéparately Proceed as described
above, Caution should be exercised in the blending step to pre-
vent excessive heating, The amount of heating may vary with
foods of different consistencies and may be expected to increase
if blending times greater than 2 min are required. Chilled diluent
{Le., temperad in an ice-water bath) may be employed to decrease
the chances of excessive heating.

Stornaching is acceptable as an altemative to blending in pre-
paring the food sample homogenate.*In this proceduue, the food
sample with dituent is placed in a clean, preferably sterile plastic
bag. The plastic bag is positioned within the stomacher and pum-
meled for 1 to 2 min. Because the sample is contained in a plastic
bag, the developers recornend that samples with bones or other
sharp or proteuding objects not be prepared by stomaching, Thirty
foods were evaluated using this procedure o determine the use-
fulness in aregulatory agency’s laboratory. Results indicated that
only certain food homogenates should be prepared using this
procedure.’

In some solid food products, the microbial flora is restricted
primarily to the surface area. More accurate enumeration of these
microorganisms may be obtained by xinsing the sample with ster-
ile diluent rather than by blending. This can be accomplished by
placing the sample in a suitable stexile container {plastic bag or
sealable boitle) and adding a volume of sterile diluent equal to
the weight of the sarnple. The containex is then shaken in a man-
ner similar to that used for preparing an initial dilution of a lig-
uid food sample. Bach mL of “rinse” thus prepared represents |
g of sample,

See Chapter 6 for preparation of further dilutions and plate
count procedures. Use media recormnended in the specific chap-
ter for the organisms of interest.

2.528 Preparation of Samples for Water Activity
Testing

The ideal preparation of samples for water activity measurements

is to grind the material to 2 fine consistency before testing. Itis

important to avoid heat build-up in the sample during the grind-
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ing process. Certain emulsions such as oil /water emudsions may
e difficult to measure unless the water phase cam be separated
by low tamnperature cycling or centrifugation. Judgernent must
be used in evaluating the accuracy of measurements done on t}}e
water phase of an emudsion, In any case, the prepare(} sample
should be added to the test chamber of the water x:cti‘&"aw meter
quickly toavoid an axchange of molsture with the air If yreptared
samples will not be testad promptly, store them in vapor tight,
sealed containers. Avold storage in high humidity environments.

When performing the analysis, transfer sample portions to the
test instrumnent sample holder and follow the manufacturers in-

structions. A reliable reading may take from 5 minutes to several -

hours depending o the type of instrument in use. Proper main-
tenance and calibration of water activity insiruments requires
some skill and experience. High quality training and support is
available from the instrument manufacturers. A complete descrip-
tion of water activity testing can be found in the work of Troller
and Christian,'® and the symposium series by Rockiand and
Beuchat.”® See Chapter 64 for a further discussion of water activ-
ity measurermnent,

2529 Preparation of Samples for pH
Determinations

Many types of liguid samples require very little preparation for
pH determination, Semisolid samples, mixtures of solids and lig-
wids, emulsions, and various types of marinated foods in ofl, ve-
quire special preparation steps, Semisolid sarnples can be blended
te a thick paste and a small amount {no more than 20 mL./ 300 g)
of distilled water added to provide a more fluid test portion.
Mixtures of solids and liquids can be tested either by blending
the mixture to & paste and measuring directly or by separating
the solid and liguid portions using a U5, standard #8 sieve. For
miarinated products in oil, separate the oil from the product. blend
the solids (adding a small amount of distilled water if necessary)
and test the paste. When attempting to detexmine the pH of emul-
sions, it may be necessary ¥ separate the water phase for testing
by low temperature cycling or centrifugation.

Temperature effects on the pH electrodes and the actual hy-
drogen ion acivity will modify the pH readings from electronic
pH meters, Instaumends that have temperature compensation
adjust the response of the elecirodes. The ionic activity of the
sample, howeves, cannotbe corrected for. For accurate resuits, the
standardization and achual determinations should all be done at
the same temperature and within the range of 20°to 30°C. See
Chapter 64 for a further discussion of pH measurement.
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Chapter 3%

athogenic Escherichia coli

Jianghong Meng, Peter Feng, and Michael P, Dovyle

251 INTRODUCTION

Escherichia coli, 3 member of the family Enterobacteriaceae, is a
part of normal flozd of the intestinal tract of humans and 2 vark-
ety of animals. Included in the Enterobacteriaceas family are some
of the most important exderic pathogens such as Samonella, Shi-
gell, and Yersimia, Although most of £, coli do not cause gastro-
intestinal illnesses, certain groups of E. cofi can cause lfe-
threatening diarrhes, and severe sequelae or disability®

E. coli are classified on the basis of antigende differences (sexo-
typing) ard virulence factors (virotyping).”™ Two E. coli surface
components form the primary basis for the sevological classifica-
tion systern: the O antigen of the lipopolysaccharide (LPS, O) and
the flageHla (F, for "hauch,” the German term for flagella). The &
antigen identifies the serogroup of a strain, and the combination
of O antigen and I antigen identifies ity serotype. For example,
two siraing identified as Q157117 and O157:HI? react with the
same anti-( antibody and are of the same sexogroup but xeact
with different anti-H ardibodies and are different sexotypes. More
than 17 different serogroups have been identified. Isolates lack-
ing flagella are non-motile and designated NM in the serotype
formula, There is some, but not a definite, correlation between
serogroup and virulence. For example, antigen 086 is commonly
assuciated with E. coli strains that are members of the resident
colonic microflora and E. coli of this serogroup rarely cause dis-
ease, whereas serogroup 055 is rarely associated with the resi-
dent microflora and is frequently associated with disease. Some
E. eoli strains also possess a capsular (K) antigen that also is used
for classification,

The characteristics that form the basis for the virotyping sys-
fem include patterns of bacterial attachment to host cells, effects
of attachment on host cells, production of toxins, and invasive-
ness. Both classification schemes (e, serotyping and virotyping)
used in combination are 2 useful approach for grouping E. coli
Strains; howevar, absolute categorization of steains cannot always
be made on the basis of antigenic differences and virulence fac-
t0r5.% Furthermore, the genetic codes for many of these virulence
fraits reside on plasmids or phages or chwomesomal pathogenic-
iy islands; hence, the capacity to be a pathogen consequenily may
be transferred from one strain of E. coli to another. E. coli strains,
that have virulence properties associated with more than one
Pathogenic group, have been reported.® Currently, diarrheagenic
£ coli ae categorized into six virotypes, Abrief description of the

——— H

salient features and examples of foodborne cutbreaks caused by
E. coli of the different virotypes follows.

35,11 Emterotoxigenic E. coli (ETEC)

BTEC strains resemble Vibrio cholerge in that they adhere to the
small intestinal mucoesa via surface fimbriae (type 1 pili and colo-
nization factor antigens) and produce symptoms not by nvad-
ing the mucosa but by elaborating one or two enterotoxing, heat-
fabile toxin (L) and heat-stable toxin (ST}, The enterotoxing act
on intestinal mucosal cells to cause diarthea, BTEC strains cause
traveler’s diarches and severe, ofien fatal, diarthes in infants in
developing couniries. Epidemiologic investigations have impl-
cated contaminated food and water as the most frequent vehicles
of ETEC infection. Although ETEC is rarely considered as a pos-
sible cause of disrrhea in the United States, several foodborne
putbreaks have been documented since the fizst such outbreak
was reported in 1970557 ETEC outbreaks also have oecurred
aboard cruise ships. Foods that were involved in these cutbreaks
include cheese, curried turkey mayonnaise, crabmeat cocktail,
and drinking water® More recently, two outbreaks of ETEC in
Rhode Island and New Hampshire were reported.¥ The outbreak
in Ehode Island had 47 cases of ETEC infection that occurred on
an atrline {light, whereas 121 persons becamne il after ealing a
buffet dinner served at 2 mountain lodge in New Hampshire.
ETEC serotype O6:NM was isolated from patients in both out-
breaks, Carrots that were grown in the same state and used in
salads were implicated as the vehicle. In 1994, ETEC O153:H43
was identified as the cause of two fvodborne oufbreaks.” Cne
cutbreak was assoclated with eating pan-fried potatoes in Mil-
wankee, Wisconsin, whereas comn bread dressing was impilicated
in another outbreak in Loulsiana. Inderestingly, the two ETEC
strains causing these outbreaks were both serotype 0153:1H43,
produced ST enderotoxin, and were resistant to tetracycline, ampi-
oillin, sulfisoxazole, and streptomycin; however, they were not
related based on the epidemiologic investigation and molecular
subtyping data generated by pulsed-field gel electrophoresis. In
Fune 1998, potato salad contaminated with an ETEC strain was
identified as the vehicle of the largest ETEC outbreak in the United
Btates. As many as 4500 people were sick after attending 300
parites in Ilinois. In Japan, a large outbreak of BTEC affecting
more than 800 students oecurred at four elementary schools in
1996.% Tuna paste was implicated as the vehicle food and E. coli
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O25:NM was isolated from the food and stool specimens of the
patients.

35.12 Entercaggregative E. coli (EAEC)

EAEC strains cause persistent diarthea, particularly in children
BAEC are defined as E. colf strains that do not secrete enterotox-
ins LT or 8T and that adhere o HEp-2 cells in an aggregative
adherence patiern, The first description of BAEC as a cause of
diarrhea among children was reported in Santiage, Chile, in the
1980s. Subsequent studies have supported the association of
EAEC with diarrhea in other developing countries. ¥ EABC, how-
ever, are not strictly confined to the developing world, and have
been isolated from diarrhea patients in the United Kingdom.
Recently, Smith et aL® reported four foodborne outbreaks of
EAEC infections in the United Kingdom in 1994, affecting a total
of 133 patients. The sympioms incleded vomiting and diarshes,
with persistent diarrhea in a small munber of patients, Each of
the outbreaks was associated with consumption of a restaurvant
meal, but no single source was imphicated.

35,13 Enteropathogenic B. coli (EPED)

EPEC strains cause severs diarrhea in young children, espedially
infanits.”® The pathogen adheres fo the intestinal mucosa and
causes extensive rearvangement of host cell actin, As with many
other E. coli, transmission of BFEC is by fecal-oral route, with core
taminated hands or contaminated foods or infant forowda as ve-
hicles, EPEC once caused freguent outbreaks of infantile diarthea
in the United States, but is no longer as important a cause of diae-
thea in developed countries as they were in the 1940s and 19503,
However, several outbreaks of EPEC infection have been reported
in the last two decades in the United Stateés and other developed
countries. These outbreaks frequently cocur in day care centers
and ocecasionally in pediatric wards.® Foodborne cutbreaks of
EPEC also have been reported. A foodborne outbreak caused by
atypical BPEC was recently documented among adulis who ates
gourmet buffet in Minnesota.® No specific food iten was identi-
fied as the vehicle in this outbreak. In 1995, two cutbreaks in
Northern France were assoclabed with prawn mayonnaise vol au
venis, and lethuce and gherkins, respectively. & total of 59 cases
were reported, and EPEC O111 was isolated from patients ®

35.14 Emterchemorrhagic €. coli (EHEC)

EHEC cause flinesses, including hemolytic uremic syndrome
(FIUS), which are similar to those caused by Shigells dysenierize
predominanily in the young and elderly™® BEHEC also are simi-
far to FPEC except that BHEC produce one or two Shiga toxing,
Although many serctypes of K, coli belong to the EHEC group,
serotype OL57:H7 predominates as a foodborne pathogen. E. coli
O157:H7 was first recognized as a human pathogen in 1982 when
two outbreaks of hemorrhagic colitis were assodated with con-
sumption of undercooked ground beef that had been contami-
nated with this organism.” Since then, this pathogen has caused
many foodborne cutbreaks of hemorrhagic colitis and HUS
worldwide? Large outbreaks of E. coli O157:HY infections include
an outbreak in 1992-1993 that affected more than 700 individu-
als with 4 deaths in the western United States® and several out-
breaks in 1996 in Japan in which more than 9,000 cases were re-
ported.® The CDC estimates there are 20,000 cases of E. coff
O157:H7 infection annually in the U8, and 500 associated deaths,

Cattle®®™ and 10 a'less extent other ruminants™ are consid-
ered to be the major reservoirs of E. coli Q15717 although the

organisra has been isolated from ofher animals such as dogs,
horses, and birds.® Many outbreaks of E. cofi O157:H7 infection
have been associated with the consumption of undercocked
ground beef. Other foods also have been associated with . coi
(O157:H7 outbreaks worldwide, including roast beef, verdagn
jerky, salami, raw milk, pasteurized milk, yogurt, lettuce, unpas.
teurized apple cider/juice, cantaloupe, radish sprouts, and alfaif,
sprouts.” An oufbreak associated with handiing potatoes wag
reported &0 the United Kingdom,* It is noteworthy that certain
foods such as apple cider/juice and dry-cured salami that previ.
cusly were considered safe and ready to eat because of their high
acidity, and are usually not heated before consumption, have been
vehicles of outbrenks. The pathogen has been shown experimen.
tally to survive for several weeks to months in a variety of acidic
foods, including mayomnaise ® sausages,® apple cider® and ched-
dar cheese.™ Sprouts were recently added to the spectrun of foods
serving as vehicles of E. coli O157:H7 infection. Radish sprouts
were implicated as the vehicle outbreaks in Japan that ocourved
in 1996 and 1997.% In addition, two outbreaks of EHEC infection
in Michigan and Virginia were associated with consmmption of
alfalfa sprouts.” Reporis of person-to-person and waterborne
{particularly recreational lake water) transmission have been in-
creasing.®

38.18 Enteroinvasive . coll (BIEQ)

EIEC strains are biochemdcally, genetically, and pathogenically
related closely to Shigells spp.. but do not produce Shiga toxin,
EIEC infection presenis most commonly as watery diarrhes,
which can be indistinguishable from the secretory daxvhes asso-
ciated with ETEC infection’ Only a minority of patients experi-
ene the dysentery syndrome. HUS, however, is not & complica-
tton of EIEC infection. Documented EIEC outbreaks are usually
foodborne or waterborne, although person-to-person transmis-
sion has been reported™ The incidence of EIEC in developed
countries is reportedly low, but occasional foedborne outbreaks,
such as a French camembert cheese associated outbreak in 1973%
and & restawrant-associaied cutbreak involving 370 people in
Texas in 1994, have been reported ¥ A large cutbreak of BIEC
infection in Japan with 670 cases occurred in 1988.% High fever
and walery diarthea were characteristic of the infection, “Godofu
{Sasayuki tofu}” was identified as the vehicle food, and EIEC
O166:NM was isolated from patient stools and Gedofu,

35,16 Diffusely adherent B, coli (DAED)

DAEC strains have been associated with diarchea in childees, and
are defined by a characteristic diffuse-adherent pattern of adher
ence to Hep-Z or Hela cell lines.¥ The pathogenesis of DAEC,
however, is poorly saderstood. These organisms generaily donot
elaborate heat-Iabile or heat-stable toxins or elevated levels of
Shiga toxins, nor do they possess EPEC adberence factor plasmids
or invade epithelial cells. No ontbreaks associated with food i0
date have been reported.

352 CONVENTIONAL ISOLATION PROCEDURES
35.27 Qeneral Considerations

Pathogenic E, coli are phenotypically diverse, hence, there aren®
standard microbiological methods for isolating these pathoge™®
Unlike typical E. ooli, some pathogendc steains such as EIEC 40
not ferment lactose™; hence, coliform methods that are base‘d fm
lactose fermentation are not suitable for the detection of I‘«EEC’
Also, slevated incubation temperatures that are applied in f#

J——

332 ¢

National Beef Ex. 1007
Page 1262




iform confirmation or envichment procedures can be inhibi-
oy to Hhe growth of BHEC O157:H7 * Blevated ternperatures and
Soéium tauryl sulfate used in lauryl tryptose broth (LT8) in Most
probable Number {MPN} analysis can cause the loss of plasmids,
whichoften encode virulence-associated factors in E. coli.¥ Hence,
no standard methods are available for detecting all pathogenic
E. cofi and existing methods are either adapted from general
methods for isolating E. coli or developed for a specific group of
pathogenic E. coli. Regardless of methods, however, when
resting for pathogenic E. coli, it is important that isolates are first
igentified biochemically as E. coli before they are sexotyped and
assayed for virulence factors associated with a respective patho-
genic grovp-

fet}

3522 Media and reagenis

Levine's eosin-methylena blue agar (EMB}

Tryptone phosphate broth {TP)

Sorbitel MacConkey agar (SMAC)

Hemeoxrhagic colitis agar (HC}

Hektoen enteric agar (HE)

E. coli broth (EC)

Brain heart infusion broth (8H)

Modified EC broth (mEC)

Trypticase soy broth (T58)

Modified frypticase soy broth (mTSB)

FHEC enichment broth (EBB}

Tellurite cefixime sorbitol MacConkey agar (TC 8MAC)

Phenol red sorbitol-MUG agar (FSA-MUG)

Novobiocin solution (100 mg/mL)

Kovae's reagent

Butterfield Phospate Buffer

MacConkey Sorbitel 5-bromo-4-chloro-3-indexyl-B-D-ghucu-
roptide sodium salt (MSA-BCIG)

MacConkey Agar (MAC)

3522 PathogenicE. coli (BIEC, ETEC, EPEC, EAEL)

Pathogenic E. coli strains that fexment lactose and arenot affected
by elevated temperatures can be distinguished from other enterics
using the standard MPN method for E. colil However, fairly ex-
tensive serotyping and virulence analysis of colonies from
Levine’s eosin-methylene blue (EMB) agar plate may be required
to idextify a specific pathogenic group.

Alternatively, the following method has been described in
Bacteriological Analytical Marual (BAM) of Pood and Drug Ad-
ministration (FDA), for isolating pathogenic E. coli from foods.®
Aseptically weigh a 25-g samnple into 225 mE of brain heart infu-
sion broth (BHE) and pre-enrich for 3 he ab 35°C 1o resuscitate
damaged cells. Transfer the entire pre-envichment to 250 mL of
fryptone phosphate (TP) broth and selectively snvich at 44°C for
20 hr. From the TP enrichment, streak for isolation on BMB and
MacConkey (MAC) ager plates. If high mumbers of E. colf (>2.5x
10/ ) are suspected, samples from BH may be divectly streaked
onto EMB and MAC for differentiation and isolation. Some patho-
gende E. coli straing may not produce colondes with the typieal
green sheen or may grow poorky on EME; hence, pick 10 typical
and 10 atypical colonies from EMB and MAC, and identify them
biochemically as £. coli before serological typing and virulence
analysis, For BIEC, Hekioen enteric (HE), MAC and Salmonella-
Shigells agars may be used for selective plating; however, HE and
;’EAC are least inhibitory and best suited for the isolation of
HBC

{  Pathogenic Escherichia Cofi

38.24 EHEQ Q15787 and other serotypes
35.241 General Method
BHEC serotypes other than O157:H7 are phenotypically diverse;
hence, may be isclated from foods using the same procedure
outlined above for the other pathogenic groups of E. wolf. Sero-
type O1B7:H7 is unigue in that most strains do not ferment sox-
bitol within 24 he* and do not express f-glucuronidase which
most E. coli posses. Henee, E. coli O157:17 is typically negative
in the flucrogenic, methyl-umbeliiferyl B-D-ghiomronide (MUG)
assay = These phenotypes, sspecially the inability to ferment sor-
bitol {SUR), are used extensively to isclate O157:H7 from foods.
However, relying on only a few phenotypic characteristics as the
bases for selecting isolates for further characterization can yield
an undesirable level of false-positive colondes. Enterie bacteria
such as Enterobacter hermanii and Hefnia spp., have similar sorbi-
tol and MUG reactions, hence, they resemble O157:H7 colonies
on media that use sorbitol and MUG reagenis for differentiation.
Disease-causing, phenotypic variants of O157:H- strains that pro-
duce 5ix2 have been isolated from HUS paitents in Germany ¥
and are fairly prevalent in Central Burope ? These sirains geneti-
cally belong o the O157:3117 clonal group,” but they ferment sor-
bitod and are posiiive in the MUG assay. In the US. only MUG
positive variants of Q0157:117 have been isolated * However, cul-
turing sorbitol-negative O157:17 strains in sorbitol-containing
media has resulted in strains capable of fermenting sorbitol,®
hence, it is possible that sorbitol- fermenting variants will be en-
countered in the U8, in the future, However, presently, sorbitol-
containing media are effective and economical for the preliminary
differentiation of EHEC serotype O157H7 from other £, coli.
Anumber of sorbitolcontaining media are used for isolating
(157:H7; some are conunercially available or can be prepared
from individual ingredients. Also, several specialty media that use
chromogenic subsirates to detect enzymatic activities unique to
15757 aned other BHEC have become available (Table 1). These,
however, can be expensive and few have been tested by collabo-
rative studies or evaluated for analysis using food samples.
35.241% Sorbitol MacConkey Agar 8MAC)L  SMAL is fre-
guently used in clinical analysis for isolating GI87:H7 % Prompt
plating of bloody stocl specimens onto SMAC has been effective
in isolating O157:H7.® For food analysis, homogenize a 10-g
sample in 90 mL of 0.01% peptone water, make ten-fold serial di-
Iutions and plate 0.1 mL, in duplicate, onto SMAC. Incubate plates
overnighi at 35°C. Disregard the pink, sorbitol-fermenting colo-
nies; pick 3 to 10 non-fermenting colonies (pale to neutral /grey)
io verify a negative MUG reaction, then serotype for the 0157
antigen {see Section 35.4}, If Q157 positive, type for the HY anii-
gen and exaraine for BHEC virulence factors {see Section 35.5).
Since SMAC is not very selective, high levels of normal flora in
foods may mask the presence of O157:H7 on this medium.®
35.2412 Hewwrrhagic Colitls Agar (HC)  HC is another
sorbitel-containing, direct plating mediun, but, was developed
spectfically for foods.” HC agar is incubated at 43°C to provide
greater selectivity and it also contains MUG for additional di-
ferentiation. O157:H7 on HC appear as clear colonies that do not
Huoresce under long wave UV light due to the absence of GUD
activity. Like SMAC, however, high levels of normal flora in foods
can overgrow and mask the presence of O157:H?.% To provide
greater selectivity as is needed in food analysis, a 25-g sample of
food is blended in 225 mi of pre-enzichment broth and incubated
at 35°C overnight, before plating on SMAC and HC agars. Fn-
richment broths offen used are modified EC (mEC) or modified

1333
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Table 1. Partial list of commercially available chromogenic madis for differentiation of Escherichia coli strains

Target Bacleria Commercial Name Differentiating Characteristics Manufacturer

Q157 H7 & E. coli Rainbow agar Bgalactosidase P-glucuronidase Biclog, Hayward, CA

Q157:H7 & enterics BCMOIS7HZ(+) Bglucuronidase sorbitol fermentation BIOSYNTEH, Naperville, IL
CHROMagar Bglucuronidase CHROMagar, Mentecino, CA

E. coli

TSB (mTSB), supplemented withnovobiodin. However, even with
the pre-enrichment, foods having very high levels of normal
microfiora can be problematic with overgrowth problems on
SMAC and HC agars.

35.2413 Tellurite-Cefixime Sorbitol MacConkey Agar {¥C-
SMAC)  Due o the difficulties In isolating (315707 from foods
with high levels of normal microflora, more selective envichment
and plating media have been developed. One enzictonent broth,
developed for analyzing carcass samples, uses the antibiotics van-
cornyein, cefixime and cefsulodin to inhibvit gram-positive bacte-
ria, aeromenads and Proteus spp., respectively®® The selectivity
of SMAC plating medium also bas been improved with the in-
clusion of tellurite-cefixime {TC), which effectively inhibite
growth of other E. coli and other non-sorbitol fermenting bacte-
ria. TC-SMAC agar appears to be very selective for Q157575

Although no standardized methods are available for isclating
O1B7HY from fonds, the engichument and plating media described
above have been incorporated into procedures used by FDA for
testing foods and methods used by the US Department of Agxi-
culture (USDA) Food Safety and Inspection Service (BSI5) for
meat analysis.

35.242 FDA Method—Bacterivlogical Analytical
Manual (BAM}

The following is s summary of the method outlined in Chapter

of the BAM, 8th {rev.A), 1998, for isolating O187:H7 from focds,

1. Enrichment. Homogenize 25 g of sanple in 225 miL of EHEC

enrichment broth {EEB) and incubate at 37°C with agitation

for & he., Perform the “lsolation” procedure outlined below,
then re-incubate the envichonent broth overnight at 37°C.

2. Isolation. Spread-plate 0.1 mL of -hr enrichment culture
onto 2 TC-8MAC plate and streak one oopful onto a second
TC-SMAC plate and incubate both plates overnight at 37°C.
Disyegard the pink, sorbitol-fermenting colondes, and select
the non-sorbitoh-fermenting, neutral/grey colonies with
senoky centers {1-2 run diameter) that ave typical of O157H7.
Pick 5 to 10, ransfer onto slants of TSA with §.6% yeast ex-
tract, and incubate the cultures overnight at 37°C. If no colo-
nies typical of Q157:H7 colonies grow on TC-SMAC plates,
plate the overnight enrichment culbure on TC-S8MAC plates
according to the procedure described above,

Both BEB and TC-SMAC are highly selective and prelimi-
nary data indicate that this procedure may inhibit O157:37
strains in foods that do not have high levels of normal mi-
crofiora {3, Weagant, FIJA, Bothell, WA, personal commu-
nication}.

3. Confirmation. Use sterile toothpicks to obtain small amounts
of colonies from TSA and test for indole reaction using a
paper filter wetted with Kovac's reagent. If the isolate is in-
dole-negative, it is most Hkely not E. coli and can be dis-
carded. If isolates are indole-positive, test for the Q157 anti-
gen using commereial 0157 antiserum (see Section 35.4).
Latex agglutination kits such as Prolex E. coli 0157 (PRO-

[

LAB) and RIM E. cofi Q18717 (REMEL} give satisfactory
results. Isolates that are agglutination positive with anti-0157
reagent are presumptively 018737, Those isolates presump-
tively identified as 0157:H7 should be confirmed as £, cofi
by biochemical tests using miniaturized kifs or conventional
prodecures before performing PCR analysis for St and 862
{see Section 353.5).

35.243 USDA-FSIS Microbiciogy Laburamry
Guidebook (MLG)

The following is a swmmary of the procedure outlined in the
USPEA-FSIS MLG, 3rd ed., 1998, for testing raw ground beef for
CI57:H7.

1. Enrichment. Blend 65 g of ground beef (usually 5 samples
are analyzed as a composite) with 300 mL of mEC with no-
vobiocin; add more media {about 285 mL) to bring the total
vohime to 650 mL. Incubate at 35°C for i8to 24 hr,

2. Screening. Apply the enrichment culiure to a commercial
Q15737 /NM {non-motile) antibody-based test kit (Table 2)
according to the manufacturer’s instroctions. The test kit
must conform to the following performance characteristics:
sensitivity 298%; specificity 290%; false-negative rate <2%;
and falee-positive rate <10%. Negative samples are reporied
as such and discarded and positive specimens are only con-
sidered presumptive positive for (157:H7, and must be con-
firmed by isolating the 015717 from the enrichment culture,
and characterizing it by the biochemical and sesological as-
says described above.

3. Isolation. From the presumptve-positive envichment sk
tures, prepare in Butterfield's phosphate butfer ten-fold di-
hutions up to 107, Spread plate 0.1 mL from each of the four
highest dilutions onto MacConkey Sorbitol agar with 01 g
of 3-bromo-d-chioro-3-ihdoxy-f-D-glucuronide sodinm salt
(MSA-BCIG) and incubate at 42 & 0.5°C. This medium s
same as SMAC, but contains BCIG, a chromogenic subsirate
to detect GUD activity. SOR fermeniing and/or GUD post-
tve colonies appear as ved to purple. Typical Q1575 colo-
nies are SOR and GUD-negative and appear white. These
colonies are selected and streaked onto a plate of EMB and
also onto a plate of phenol red sorbitol-MUG agar {P5A-
MUG) and incubated overnight at 35°C to vesify the SORand
GUD reactions.® Disregard the yellow SOR-positive coonies

on PSA-MUG that also flucresce under long-wave UV light

Select from FSA-MUG the clear, non-flucrescent colonies and
from EMB the purple colordes with a metallic green sheet
and serofype the colordes for O157 antigen using a JateX ag

glutination kit (RIM E. cpfi O157:H7 Latex Testkitor equivd”

lent) {see Section 35.4). ]
& Confirmation. Confirmn as E. colf the colonies that ag tuie
nated with anti-C¥157 sera, using the blochemical tests HsteS
in Table 3. Isolates that have the biochemicsl profile of B, co8
Q157HY7 shoudd be serotyped for the HY antigen by & mbg

agglutination test or latex agglutination kit (RIM £, ook

S
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1able 2. Partial list’ of commercially available assays for detecting BHEC

serotypes in foods.

i Pathogenic Escharichia Colf

gen of interest to detectable
populations, Rapid methods
usually shorten analysis thne
by 1 te 2 days compared to
conwventional assays, hence
they are wuseful for rapid
screening of foods for bacte-
rial pathogens, Por screening
purposes, negative resulis
are vegarded as definitive,
whereas positive results are
considered only as presuwp-
tive and must be confirmed
by standard methods. In ad-
dition, since rapid methods
use different technologies,
the detection efficiencies of
these assays can be depen-

%grggg Trade namie  Assay Format® Manufactuzer
157 PetrifitmHEC  blot-HLISA 3M, St. Paul, MN
EZ COLY Tube-BLISA Difco, Detrodt, M
Dynabeads Ab-beads Dynal, Lake Success, NY
Assurance® BLISA BioContral, Bellview, WA
TECRA ELISA TECRA, Redmond, WA
E. coli 0157 ELISA LMD Lab, Caxdsbad, CA
E. ¢coli Q137 ELISA Mernidian, Cincinnali, OH
Vit Ab-ppt BioControl, Beliview, CA
Reveal Ab-ppt MNeogen, Lansing, Ml
NOW Ab-ppt Binax, Portland, ME
Immunocard  Ab-ppt Meridian, Cincinnati, OH
CIUIX Ab-ppt UrniversalHealthWatch, Columbia, MD
VIDAS ELISA: biok{erieaux, St.Louis , MO
O157:H7 BAX PCR Cualicon, Wilmington, DE
OI57H7 & OR6:HIT | EHEC-TEK ELISA Organon-Teknika, Dhrham, NC

dent on the composition and
microfiora of the food being

= Tanla modified from: Feng, P 1888, U.S. FDA Bacteriological Analvticat Manual, 8th ad. {Rev.Aj
s ELISA, enzyme-inked immuncsorbent assay; Ab-ppt, irmmunoeprecipitation of immunochromatography;

PCR, polymaerase chain reaction,
» Approved Officisl first action—ACAC international.
¢ Autornated ELISA

015717 Latex Test kit or equivalent), using the bacterial
culiure grown on a blood agar plate. Xf the H7 test is rega-
tive, atiempt to induce the motility of the isolates by grow-
ing them in motility medium and test again with antt-H7
antibody,

353 RAPID METHODRS

Many innovative technclogies have been introduced that cur-
rently are being used for the microbiological analysis of foods.
Unlike conventional methods that rely on specific media to se-
lect and grow pathogens, newly developed “rapid methods” use
procedures such as molecular biology techniques or lmunoas-
say to detect in foods, gene sequences or antigens that are spe-
cific for the bacterial pathogen of interest.” Compared to conven-
tional procedures, rapid methods are generally easier and more
sapid to perform, with some requiring oxdy minutes to complete.
However, today’s rapid methods still require that prior to analy-
sis food samples undergo culture enrichment to grow the patho-

Tabie 3. Biochemical reactions for E, coli O18T:HF/

I
Medium Reaction
Triple sugar iron agar yellow butt/ yellow slant, ne 1.8
Sorbito] fermentation negative
Cellobiose fermentation negative
Tryptone broth indole positive
MR-VF broth MR positive; VP negative
Stmumons clivate negative (no growth}
Lysine decarboxylase _positive {purple}
Ornithine decarboxylase positive {purple)
Decarboxylase broth base  negative (yellow)
Motility test madium Motile (-7} or nor-matile (NM}

.

assayed. Hence, it is impor-
tant that these methods axe
evaluated by collaborative
studies prior to rouline usein
food analysis.™ In the US,,
enly methods that have been
collaboratively studied and
approved by the Association
of Official Anatytical Chemists Intexnational (ACAC) are included
in the Official Methods of Analysis (OMA} and regarded as stan-
dard methods. Therefore, it is recommended to use rapid meth-
ods only for those food types specified by the OMA. Perform all
rapid methods according to manufacturers’ instructions provided
with the kit, including the use of specified enzichment mediumy
recomumended for the assay.

35317 PathogenicE. coll (BIEC, ETEC, EPEC, EAEC)

Vexy few commerdlally available rapid methods have been de-
veloped for detecting in foods pathogenic E. coli other then BHEC,
because these groups of pathogenic E. coli are not as frequently
implicated in foodborne iliness ag BHEC. However, there are
many antibedy-, DNA probe-, and PCR-based assays reported for
detecting charactexistic virulence factors asseciated with these
pathogens, including the toxins of ETEC, the invasion gene of
FIEC, and the attachoment and effacing gene of EPEC. Some of
these assays are described in Section 35.5.

35.32 EHEC Q187:H7 and other serotypes

Although EHEC serotypes O111LNM, O104:H21, O43:H21 and
{26 have been associated with outbreaks of foodborme dis-
ease, J157:H7 is the predominant serstype implicated in out-
breaks worldwide, Hence, most comnmercially available assays are
designed to detect the Q13757 serotype {Table Z). With the ex-
ception of the BAX PCR assay that taxgels genetic sequences of
(3157 H7 and BHEC-TEK which detects O1537:H7 and O26:HI
sexotypes” most of the assays target the O157 antigen and are
not specific for the (315717 serotype. Assays that target the 0157
antigen also detect 0157, non-HY serotypes that may be present
in foods. Most assays use a sandwich enzyme-linked immuno-
sorbent assay (ELISA) format or variants of ELIBA that ae auto-
mated or done on membranes, tubes, dipsticks, or other solid
matrixes. Several, however, use immunochromatography or
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irumunoprecipitation technology that was developed for clinical
diagnostics and home pregnancy tests, and can provide a result
with minimal manipulations and in less than 10 mbnutes after cul-
tured envichment. Regardless of the format, all of the assays re-
quire prior to analysis culfural enrichment in broth media such
as mEC or mTSH with novobiocin or a medium specified with the
kit. Also, ondy 2 few assays to date have beem evalnated by AGAC
collaborative studies and approved as official methods for analy-
sis of O157:H7 in selected foods (Table 2).

354 SERQOTYPING

Since pathogenic E. colf are classified based on virulence factors,
serotyping does not provide a definitive identification of its patho-
genic group, because some strains with the same serotype may
belong to more than one pathogenic group. However, one excep-
tion, is O1587:H7, which to date is recognized exclusively as an
EBHEC serotype. Hence, typing for the (0157 and HY antigens is
useful for identification of this pathogen. A listing of the major O
serogroups with their associated H antigen types for each patho-
genic E. coli group has been published recently in a review by
Nataro and Kaper®

35.47 PasthogenicE. coli groups (EIEC, ETEC, EPEC,
EAEC)

There are no assay kits available for serotyping these groups;
howeves, sera for typing various O and H serotypes of these
pathogenic groups are commercially available from several
sources {Table 4}. Slide agglutination of suspected colonies using
commercial polyvalent antisera recognizing O antigens consid-
eved to represent EFEC has been 2 common procedure used for
the diagnosis of BPEC . The advantage of this method is that itis
extremely casy to perform. The major disadvantage is lack of
ACCUXALY.

35.42 EMEC and QIS7TH7

Sera for U157 and other EHEC serotypes are also available from
several sources (Table 4. In addition, many latex agglutination
kits are available for typing
the 0157 antigen of pure cul-
ture isolates (Table 4}. These

assays are rapid and easy to
use, and simply involve mak-

E. cofi strains

tion.® Also, a single colony should be used when making the cel
suspensions, because the use of heavy inoculum with more than
one colony can result in false-positive reactions in latex agghuti.
nation assays.®

A positive reaction obtained with anti-0157 reagenis isonly 3
presumptive indication that the isolate may be of serotype
O157:.H7. Many E. coli of serogroup O157, but not H7, havé been
isolated from clinical and food samples.’ These G157, non-H7,
strains do not produce Shiga toxin{s} and are generally regarded
as non-pathogenic for humans. Furthermore, sera 0 G157 cap
cross-react with antigens of E. hermandl,™ Salmonella group N5
few species of Citrobucter ™ and other bacteria. Many of thege
cross-reacting genera, however, ferment sorbitol and can be Jig-
tingudshed from Q18717 phenotypically. Because of the poten-
tial for false-positive reactions, itis important that presumptively
positive O157 strains be further tested for the H7 antigen or for
the characteristic EHEC vindence markers to obtain a definitive
identification. )

Some kits listed in Table 4 also provide latex reagents for typ-
ing the H7 antigen. However, expression of the HY antigen can
be variable, and often, O157:H7 strains isclated from clinical and
environmental samples are non-motile and need to be induced
for motility before H typing ™% Sowers et al® reported that a
single colony from an agar plate is not sufficient o agglutinate
the HY Iatex reagent, hience, 2 sweep of growthmust be used. They
also recommended that the H7 latex reagent not be used inde-
pendently of the 0157 latex reagent, a5 a few false-positive H7
reactions were observed. The use of the H7 latex reagent alone
will also detect other non-O157 E. coli serotypes that posses the
H7 antigen.

385 Pathogenicity Testing

Pathogenic E.colf strains are defined on the basis of virulence
properties, hence, pathogenicity tests are essential for the identt-
Heatton of pathogende E. coff strains. Two approaches canbe taken
in the laboratory to detect pathogenic E. cofi. These are based on
phenotypic and genotypic characteristics of the pathogen. The
phenotypic approach inchudes bivassaye, Hssue cultures, and

Table 4. Partial Hst® of commercially available sers for serotyping of pathogenic

ing a cell suspension from Target Trade Name  Assay Format*  Manufacturer

growth on an agar plate, then O {various) sera Dhenke Setken, Tokyo, Japan
mixing this suspension with sera Difco, Detroit, MI

a drop of OI57 antibody 157 RiM Las REMEL, Lenexa, X5

bound to colored latex beads. E. coli 0157 1A Oxoid, Hampshive, Bngland

In the presence of 0157 bac- Prolex LA PROSLAB, Austin, TX

teria, the antibody-latex ag- Ecolex O157 LA Orion Diagnostica, Somerset, NJ
glutinates with the cells to Wellcolex LA Murex, Dartford, United Kingdom
form within a few minutes Bactrace Serum® Kirkegaad & Perry Lab, Gaithersburg, MD
visible clumps. It is Impor- Serum Difoo

tant that latex agglutination Serum | Denka Seiken

assays are performed accord- H {various} Sera Denka Seiken

ing to manufacturers’ in- H7 KIM LA REMEL

structions. With some kits, Wellcolex LA Murex

when a positive reaction is Serum Difeo

obtained, the isclate needs to
be retested using the control
latex reagent provided to rule
out cases of autvagglutina-

* Table moedified from: Feng, P 1998. L8, FDA Bacteriolngical Analvtical Manual, 8th ed. {Rev.A).

s LA, latex aggiutination

& avaiizble as uniabsied, fluoresceinisbeled for fluorescent antibody assays or enzyme conjugate for ELISA.
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prmunoassays o detect production of toxins or activity of vire-
tence factors. The genotypic methods include DNA hybridization,
PR assay, and other DNA amplification methods such as isother-
mal amplifications, {o determine presence of virulence genes,
gioassays for identifying pathogenic E. coli have been described
in detail in the 3rd edition of the Compendium of Methods for the
Microbiclogical Examination of Foods.® The following section ad-
dresses immunoassays and DNA-based methods for detecting
foodborne pathogenic E, coli, with an emphasis on EHEC. For
more infomation on pathogenicity testing of diarrheagie E, cofi,
ihe readex is referred to 4 recert review by Nataro and Kaper ®

.57 ETEC

Enterotoxing (LT and ST) and fimbrial attachment structures {colo-
pization facter antigens} are characteristic virulence factors of
BTEC, Detection of ETEC in foods has mainly relied on identify-
ing the presence of LT and /or 5T. The LIs of E. coli are oligomeric
ioxins that are closely related in structure and function to the
cholera enterotoxin expressed by Vibrio cholerse. The Ul can be
divided into two major sevogroups, LT-T and LT+, which donot
crossreact immmunologically. LT is expressed by ETEC that are
pathogenic for both humans and andmals, whereas LT-{ is found
primaxily in animals and has not been associated with human or
animal disease. The 5T are small monomeric toxins that contain
multiple cysteine residues, whose disulfide bonds account for the
heat stability of these toxins. The 8Ts can be divided into two
wnwelated categories, STa (§T-1} and §Th (ST-II), which differ in
structure and mechanism of action. 5¥a cax also be abbreviated
§Tp or S5Th to indicate stvains of porcine or human origin. §Th is
assoctated primarily with ETEC strains isolated from pigs.

A rabbit ligated deal loop assay used to be performed to de-
tect ST, but the expense and lack of standardization resulted in
this test being replaced by the suckling-mouse assay, which be-
came the standard bivassay for the presence of 5T for many
years.” The suckliing-mouse assay involves the measurement of
intestinal finid in C4 infand mdee after percutancous injectdon
of culture supernatants. Several irnmunocassays alsc have been
developed for detection of 8T, including radicimmumoassay and
an ELISA ™ A competitive enzyme bnmunoassay is commercially
available (Denka Seiken, Co Lid., Tokyo, Japan) for detecting STa
in enlture fluid {Table 5). This test uses a synihetic peptide that is
an analogue of 8Ta {o coat the wells and an anti-STa monodlonal
antibody-enzyme corjugate. The antibody binds specifically to
the solid-phase peptide. If the toxin s present in the culture fil-
fate, the toxin reduces binding of the conjugate to the solid phase,
tesuiting in a reduced color intensity when compared to the nega-
five control. These tests correlate well with results of the suck-
ling-rouse assay.

i Pathogenic Fscharichia Coff

test also have been developed for detecting LT (Tuble 5). In the
raversed passive latex agghutination test, latex particles are sen-
sitized with purified polyclonal antiserum raised in rabbits i
munized with purified cholera toxin. These latex particles agglu-
tnate in the presence of LT or cholera toxdns, DNA probes and
PCR assay largeting ST and LT also have been developed. ¥/
Three DNA probes are introduced in FDA BAM: the LT probe,
eltAll, is a 22-mer oligonuclestide targeting the DNA sequence
enceding the A subundt of LT; the STP probe is a 22-mer olige-
nudeotide for ETEC first isolated from pigs; and the STH probe
is also a 22-mer oligonucliotide for ETEC isolated from a human
patient.® Nataro and Kaper® have listed the sequences of
cligonuciotides used for probing and PCR amplification of
diarrheagenic E. colf sivains. These DNA-based methods have
been determined to be gquile sensitive and specific when used
directly on clinical sammples or on isolated bacferial colonies.

38,82 EPEC

The most imnpertant virulence characteristics of EPEC strains are
the attaching and effacing {A/B) histopathology, the possession
of the EFEC adherence factor (BAYF) plasmid, and the absence of
Shiga texing, Many EHEC sirains also produce the A/F lesion,
hence the determining the presence or absence of St is essential
to differentiate EPEC from EHEC. Several assays have been de-
veloped for determining A/E activities or genes, including tis-
sue culture tests for adherence phenotypes, fluorescence micro-
scopy with actin probes for cytoskeletal disruption, radiactive
and nonradioactive IINA probes, and PCR assays. The localized
adherence phenotype is highly conserved among BEPEC from the
most commaon serotypes™ and easily tested using cultured Hep-2
‘or HeLa cells and a Hght microscope. Transformed cell lines are
incubated with bacteria, fixed, strained, and examined for adher-
ent microcolonies of bacteria. A fluorescence actin stairdng (FAS)
test also hias been developed to identify the concentrated filamen-
tous actin in epithelial cells beneath the sites of EPEC attachment,
which serves as a surrogate marker for the A/ effect® This las-
ter test appears to correlate well with electron microscopy for
attaching and effacing. The BAF probe and the bfp4 gene probe
targeting the BAF plasmid™ and the gene probe targeting the ese
gene that is associated with the A/E lesion,® are useful for the
diagnosis of EPEC. Since many EHEC strains alse carry an ese
gene thatis highly homwlogous to the EPEC ege, DNA probes and
PCR primers desived fom within the ese coding sequences often
react with both EFEC and EHEC. Therefore, additional tests that
determine the lack of Stx expression are necessary for identify-
ing EFEC. Loude et al.™ and Meng et. al.* exploited the heteroge-
neity of ihe 3 end of oligonucleotide primers derived from the

The two standard assays for Table 5. Partial Hist* of commercially available assays for detecting toxins
{Tare the Biken test and the Y1 prodused by pathogenic Escherichia cofi strains
adrenal cel] culture test. In the
Blken test, LT is detected by Organisze Tauget Trade MName Assay Formar®  Moanufacturer
the appearance of a precipiting BHEC Shigatoxins1&2  VEROTEST ELISA MicroCarb, Gaithersburg, MD
fine between growth of the or- Premier EHEC ELISA Merisdian, Cincirmat, OH
ganism and antisera against Verotox-F RPLA Denka Seiken, Tokyo, Japan
LT In the Y1 assay, ETEC cul- VTEC RPLA Oxoid, Hampshire, Bngland
fure supernatants are added io ETEC Heatlabiletoxin  VET RPLA Denka Seiken
Icells and the cells are exam- Heat stable toxin =~ COLIST BLISA Denka Seiken
‘med for rounding. Immuneo- Heatstable toxin~ Beoli ST ELIBA Oxoid

logic methods such FLISA, la-
tex agglutination, and reversed
Passive latex agglutination

¥ Table modified from: Feng, P 1888, U.S. FDA Bacteriological Analytical Manusi, 8th ed. {rev.Al,
¢ ELISA = gnzyme-linked immunosorbent assay, RPLA = raverse passive latex agglutination
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i

eaz gene region to design PUR assays gpecific for BHEC O157.H7.
The assays were quite specific, but failed to exclude EFEC OB5:HY
and OS5:NM strains as they ave reported {o be the progeuitor of

QIsrH7"
3583 EEC

As BIEC can be difficult to differentiate from Shigelia spp., iden-
tification of BIEC bwolves demonstrating that the organism pos-
sesses the biochemical profile of E. colf, bt has the genotypic or
phenotypic characteristics of Shigella spp. {except the production
of Shiga toxin). FIEC strains can be presumptively identified by
determining their ability to invade HeLa cells and confirmed for
invasive potential by the Sereny test (keratoconjunctivitis) using
the eye of a guinea pig.™ DINA probes and PCR methods have
been developed to detect invasion genes, encoded on a large {220
* Kb plasmid of BIBCH% Probes pMRI7 (37 kb) derived from the
plnv plasmid of a Shigella flexneri strain, and ig (2.5 kbj derived
fromn the pinw plasmid of a BIEC strain have shown 100% sensi-
tive and specific for BIRC strains that have retained their viru-
lence. A PCR assay amplifying sl was also developed ¥ Several

DINA probes for detecting BIEC are listed in FDA BAM.®

3554 EHEC

Some of the characteristic virulence factors of BHEC include:
Shiga tosdns or vevotoxins; the eae gene-encoded intinin protein
that is associated with A/F lesions; and enterchemolysin encoded
by a 60-mDal plasmid.® Of these, the Shiga toxins, Le. Six1 and
Stx2, are closely correlated with human illness. The original as-
say for Stx was based on cytotoxic effect of Shoon Vexo cells. The
assay played an important role historically in establishing a di-
agnosts of EHEC infection in clinical laboratories. However, casier
assays that test bacterial isolates for stx genes or the production
of 5ix have been deveioped. With few exceptions, most assays
identify all £. coli serotypes that produce Stx, hence, they are not
specific for serotype O157:H7. There are several commercially
available antibody assays (Table 5} for detecting both St} and
Six2, but only Verctox-F differentiates the two toxins, These as-
says should be performed according to the insiructions provided

by the marnufacharer.

DNA probes also have been developed for detecting BRECH,
and most are targeterd o the eae ot 5tx genes. Samadpour et al™
used sfx gene probes to detect STEC in calf fecal samples and
foods, including ground beef, raw goat milk, blueberries, and
surini-based delicatessen salad. Two procedures were used:
colony hybridization (colonies formed by plating of enrichment

cultures were probed for
STEC) and dot blotting {en-
sichment cultures were ana-
iyzed for STEC) A DNA
probe (CVEM19) based on the
60 MDa plasmid that is com-
morn among BHEC was de-
veloped by Levine et al® The
probe hybridized with most
FHEC serotypes, isolated
from patients with hemor-
rhagic colitis and HUS, -
cluding O157:H7, O2&H1L
Using the same probe and an
eae gene probe derived from
EPEC, Barreit et al? deter-
mined that both the esz and

OVI419 sequences were significantly more conunon among hu-
man isolates than among cattle isolates.

There axe many PCR assays for detecting eag, BHEC-hiyA en-
coded on the 50MDa plasmid, and six? and stx? genes in BHEC
isolates in pure culture, 747 but none of these assays is com-
mercially available. Two multiplex PCR methods for six genes for
testing the toxigenic potential of isolates are listed in the FDa
BAM. The PCR procedure detects only stxl and six genes,
whereas the mismatch amplification mutation assay (MAMA) can
simultaneousty identify both toxin genes as well as the U157:47
serotype based on a unigue base rutation in the wid A gene. The
primers for these methods are shown in Table 6. The PCR param-
eters and conditions are described in the specific references.

3555 EAEC and DAEC

EAEC can be identified using HEp-2 assay or DNA probe or PCR
assays. The characteristic aggregative adherence of BEARC on
HEp-2 cells can be distinguished by prominent autoagghutination
of the bacterial cells to each other, which often occurs on the sw-
faces of the cells, as well as on the glass coverslip free from the
HEp-2 cells. A DNA probe derived from alarge plasmid of EAEC
hybridized 56 (89%) of 63 BAEC straing examined (by HEp-2),
compared to only 2 of 376 strains representing the normal flora
and other diarrheagenic groups$ A PCR assay with primers de-
rived from this BABC probe also gave similar sensitivity and
specificity®

Methods used for identification of DAEC are similar fo thase
used for BABC, Presence of the diffusely adherent pattern in the
HE-2 assay defines DABCY ADNA probe derived from the daal:
gene necessary for expression of the F1845 fimbriae also has been
used for the diagnosis of DAECT
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Table 6. Primer sequences and eupscted size of produsts of POR assays
used in the FDA BAM for detecting Shiga-toxin genes in isolates

N

Assay  Tazgel Expected Size  Primer - Sequence —
PCR Sl 274bp 807F 5 -GCAATTCTGGGAAGCGTGGCY
1085R 5. CACAATCAGGCGTCGCCAGES
Stx2 364bp 722K 5 -CTGGGGOCGAATCAGCAATGS
1089R 5 COGUUGCCATTGCATTAACAS
MAMA Sl 348 bp LP30 5-CAGTTAATGTGGTGGCGAAGGY
LP31 5.CACCAGACAATGTAACCGCTGS
Six2 584 bp LP43 5 ATCCTATTCCCGGGAGTITAL G-
1Py 3’»GCGTCATCGTATACACAGGAGC’3’
UidA 252 bp P12 5. GCGAAAACTCTGCAATIGGGY
{(3157:H7) 252Dbp PT-2 5. GCGAAAACTGTGGAATTGGGY
PT-3 5 TGATGCTCCATAACTT CC’I‘G*E:_______,,.
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aimonella

Wallace H. Andrews, Russell S. Flowers,
John Silliker, and J. Stan Bailey

37.1 GENERAL BASIS OF METHOLS
3731 introduction

The incidence of sabmonellosis appears to be Increaging. Most
recent sumimary deta® from the Centers for Disease Control and
Prevention {CDC) are shown in Bigare 1. Large cutbreaks caused
by xaw and processed foods continme 1o oocar. For example, an
estimated 224,000 people nationwide were estimated to be made
il by ice cream produced in a Minnesota factory.® New vehicles
of transmission have emerged, mostnotably shel eggs contami-
nated internally with §, enieritidis. In fact, epgrassociated illness
caused by this serotype now accounts for 25% of all salmonello-
sis reporied in humans in the United States, and $. enferitidis is
now the most comumon sexotype associated with illness, replac-
ing 5. typhimurium. Presh produce is of increasing concern,® Two
major outhreaks were attributed to cantaloupe. In one, due to
S, chester, cases were reported in 30 states, and it was estimated
that more than 25,000 individuals were eventually infected ¥ The
seconid was due io 5. poong involving 185 confirmeed cases in the
United States and 56 in Canada.”? Cantaloupe on salad baxs was
implicated in both outbreaks. A substantial volume of produce
is imported, often from under-developed areas with poor hygiene
practices. Increased surveillance for enteric pathogens in im-
ported produce is essential,

The data in Figure 1 likely underestitnates the extend of the
Setmonells problem. The U.8. Depariment of Agriculture (USDA)
estimates §96,000--3,840,000 cases of foodborne illness due to non-
typhoid Salmonella with 870-1,920 deaths annually.” The esti-
mated costs of illness range from (.9 to 12.2 billion dollars.

Control of salmonelosis rests upon consumer education and
implementation of adequate laboratory quality conirol PIOgrams
inthe food industry. Though the application of the Hazard Analy-
sis and Critical Control Point (HACCP) systermn purports to redice
the niead for testing, verification that HACCP is working prop-
etly will pose a continuing need for micrebiological analysis.
Greater survetilance of imported products is recognized because
of the poor hygienic standards in many exporting countries.

The “official” method for analysts of foods for Salmonells de-
ailed in this chapter is that of the Association of Official Asnalyti-
%l Chenists International (AQAC).? This method is tedious and
‘abor-intensive. From the pioneering flucrescent antibody (PA)
fechnigue,® a variety of rapid screen techniques has been devel-
®ped and will be discussed elsewhere in this chapter. These pro-

. n
)

cedures give presumptively positive results one to 2 days earkiex
than the conventional culture method. Howeves, these techniques
still require pre-enrichment of food saxples, and presumptively
positive resulis must be confirmed by the conventional method,

3712  Genersi Description of Msthods for the
fsofation of Sslmonells from Foods

37,1271 Introduction

The examination of foods for Salmonella requires methods differ-
ent from those used in clinical laboratories. Generally low num-
bers are present in foods, necessitating the analysis of larger
samples than am used with clinical materials. The introduction
of large amounts of food directly into selective media tends to
raduce the selectivity of the media for Salmonella organisms, B2
Further, the Salmonells organisms in foods are often in a poor
physiological condition as a result of food processing and stor-
age. These two problems are simultaneously circurvented by
pre-envichment of the sample o 2 non-selective medium which
permnits resuscitation of debiitated orgardsms. Inoculation of se-
lective media from the pre-envichment meditm obviates infro-
duction of food into the selective medivm. The analysis is a quali-
tative test and determines the presence or absence of Selmonelia
in a given sample. However, by analyzing repHeate samples ata
sexies of ditutions, it is possible o obtain a quantitative estimate
of numbers, Le., a most probable number.

The reference procedure described hereafter for the isclation
and identification of Salmonells {Section 37.5) has been adapted
from the Official Methods of Analysis of the AGAC International  The
biochemical and serological tests used to identify Saimonella are
described in the reference procedure and are lsted in Table 1.

The classification of the Salmonella-Arizona group of Enferobac-
ferigcene has been a source of confusion because of different sys-
temns of nomenclature. 7% The Enteric Bacteriology Laboratories
at the CIXC recently introduced changes in their nomenclature of
the Salinonelln-Arizona group by incorporating the Arizone group®
into the Salmonella gerus #9988 Table I summarizes the proper-
ties of the various subspecies within the genus Salmonells defined
on the basis of DNA hybridization studies #4485

Many scientific journals reguire the nomenclature of microor-
gardsma to comply with Bergey's Manual of Systematic Bacteriology.
Bergey's Manual has taken a different approach from CDC and has
adopted the position that the use of “species” names for Salmo-
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Figure 1. Reported cases of humen Saimonglicsis (1966-1896),
exciuding typhoid fever. (Sourse: Centers for Disease Control and
Pravenition. 1897, Summary of notifiable dissases, United States.
1998. Morbid Mortal Wily Rep, 45:54.)

nella serovars is useful in many fields, so long as serovars’ names
are not taxonomically equated with species. The nomenclature in
this chapter and the classic definition of the genus Salmonella axe
as described in Bergey's Manual of Systematic Bacteriology.®®

Neot all serovars within the genus Salmonellz ave equally patho-
genic to humans and animals, but all are important to public
health, and isclation procedures should recover all sexovars of
Salmonelia. Analysts should be thoroughly familiar with the vaxi-
ous biochemical and sexological characteristics nvolved in dif
ferentiating Salmonella from the other foodborne microorganisms.

37.122 Sampling

General divections for sample collection and handling are dis-
cussed in Chapter 2. Various organizations have suggested sam-
pling plans that can be used specifically for Salmonzlla. One of

4

these plans has been proposed by the National Academy of 5di-
ences (NAS through the Comumittee on Salmonegils of the Na-
tional Research Council (NRC). Foods are categorized on the basis
of hazards presented by the particular food: 1} the food or food
ingredient is a significant potential source of Sabwonelia; 2} the
marmfactuzing process does not inchude 3 controlled step that
should kill Sabmonells micyoorgardsmns; and 3) 2 potential exists
for microbiological growth if the food is mishandied in distribu-
tion ox by consumess. Considering these hazards, foods are placed
it one of five categories:

Category I-—foods intended for use by infants, the aged, and
the infirmed (the restricted population of high xisk);

Category I—foods that present the three hazards;

Category OI—food with two hazards;

Category IV—foods with one hazard;

Category V—foods with none of the hazards.

Criteria for acceptance of any particular lot of food are based
on the results of analyses of a required number of 25-g analytical
wnits, the actual portions of food analyzed. Hach analytical uxdt
is taken from a larger sample urdt, usually a minimumof 100 g,
the balance being set aside for possible testing, A series of ran-
dom sample units make up the sample, and a sample that is rep-
resentative of the [ot is used to determine the ac*ep&abihiy of the
entire lot of food. A food lot is defined as an identifiable unit of
food produced and handled under similar conditions, usually
determined by a Hmited period of thme. This saxpling plan is
based on the premise that the distribution of the Selmonells or-
ganismg within the lot will be homogeneous. This premise fm-
plies that any analytical unit is as likely as any other analytical
wnit 1o contain Saimonellz, The NAS/NRC Committee pmposed
criteria for the acceptance of any particular food lot in the vari-
ous categories:

Category I—60 analytical units tested and found negative,
indicating a 95% probability of <1 Selmonelia organism per 500 g
of food in the lot tested;

Tabie 1. Typical Biochamical and Serological Reactions of Salmonelia

Salmonells
Test or Subsirate Positive Negative Species Reaction®
1. Glucose {T85} Yellow butt Red Butt +
2. Lysine decarboxylase (L1A} Purple butt Yellow buit +
3. 3LS (T8 and L1A) Blackening No blackening +
4. Urease Purple-red color Neo color change -
5. Lysine decarboxylase broth Purple color Yellow color +
&, Pherwol red dulcitol broth Yellow color and/or gas No gas; no color change 4t
7. KCN broth Growth No growth -f
8. Malonate broth Blue color N color change -~
4. Indole text Red color at surface Yellow color at surface -
10. Polyvalent flagellar test Agglutination No agglutination +
11. Polyvalent somatic test Agglutination No agglutination +
12, Phenol red lactose broth Yellow color and/or gas No gas; no color change &
13. Phenol red sucrose broth Yellow color and /or gas No gas; no color change -
14. Vogee-Proskauer test Pink-to-red color No color change -
15. Methyl red test Diffuse red colox Diffuse yellow color +
16, Simnons citeate Crowth; blue color No growth; no color change Vv .
s 3, 80% or more positive in 1 or 2 days; -, 80% or more negative in 1 or 2 days; V, variable.
5 Majority of Salmoneliz subspeciss 3a, 3b, 4, and & are negative (ses Table 2).
= Majority of Safmonells subspecies 4 and 5 grow in KCN broth {see Tatle 2}
¢ Majority of Saimonefiz subspecias 2, 3a, and 3b, are positive (see Table 2).
* Majority of Salmonelia subspecies 3b are positive {ses Table 2).
358 t B
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Category [—29 analytical units found negative, indicating <1
spimonella organism pex 250 g of food;

Categories I, TV, V—13 analytcal units found negative, in-
gicating < 1 Salmonells organism per 125 g food.

The Interniational Commission on Microbiological Specifica-
rios for Poods (JCMISEY proposed a general microbial sampling
plan that also includes a sampling plan specific for Salmonells,
Basically, any particular food is sampled ancording to #s placement
i 1 of 15 categories or “cases.” Such placement depends on two
factors: 1} type of microbial hazard involved and 2) anticipated
conditions of handling and use of the food after sampling. The
muicrobial hazard can range from ne direct health hazard {2.g.,
spoilage or reduced shelf life} to severe hazard {e.g.. suspected

resence of Clostridium botulinum). Anticipated conditions of han-
diing and use of the food can be reduced bazard (e.g., cooking prior
1 consumption), unchanged hazard (e.g., divect consumption of
dried foods), or increased hazard {e.g., storage of thawed frozen
food at ambient or high temperatures). The stringency of sampling
varies directly with the case number assigned to the food

Under the ICMSFE plan, food sampling for most Salmenella
coreesponds to Cases 10, 11, and 12 (decreased, unchanged, and

1 Satmonalla

increased hazard in use, respectively). The case number increases
a8 the stringency of the criteria for acceptability of any particular
food lot increases. However, foods suspected of containing
5. typhi, 8. paralyphi, ox 8. cholerae suis are assigned higher risk lev-
els and are sampled with greater stingency (Cases 13, 14, or 15),
as axe any foods associated with outbresks ("investigational sam-
pling”). In contrast, the NAS/NRC sampling plan recogrizes an
equally high degree of risk for all serovars and thus calls for
greater saxapling stringency than the ICMSF plan under most
conditions. An added feature of the ICMSF plan, not found in the
NAS/NRC plan, however, is the distinction made between sam-
pling under normal {routine} and special {investigational) con-
ditions, such as investigation of a foodbormne cutbreak. The IUMSE
plan comipares in stringency fo the NAS/NRC plan ondy in the
investigational mode. '

The two sampling plane are nevertheless similar in that both
recomumend increasing the number of analytical units with in-
creased health risk. In general, the assignment of a food fo a par-
tieulax category or case deperids on the sensitivity of the consumer
group, the history of the food, whether there is a step lethal to
Salmonella microorganisms during processing ovin the home, and

Table 2. Preperties of the Seven Subspecies within Salmonaila enterica “the Salmonela-Arizons Group”}

Analysis by 01 bacteriophage® +

. Designation
Salmonella Safmonelln  Salmonella  Sabmonella  Salmonstia  Salmonella  Salmonelis
subspecies subspecies subspecies  subspecies subspecies  subspecies subspecies
1 2 3a 3b 4 5 &
DNA-hybridization group
of Crosa et al.® 1 2 4 5 Not studied
Salmonella subgenus names
formerly used i I o w A%
Genus according o Bwing® Sabmonelly  Sabmonella  Arizova Arizons Satmowella  Salmonells  Salmonells
Subspecies according
to Le Minor et al.® entericn salamae arizonge dinrizonas houtenae bongeri® indica
Usually monophasic (Mono) or
diphasic ([4) flagella i . > Mono 151 Mono Mono Di
Usually isclated from humans ,
and wanm-blocded animals + - -~ + +
Usually isolated from '
cold-blovded andmals and
the environment - + + + + +
Fathogenic for humans + + + + - +
TESTS TO DIFFERENTIATE THE SUBSFECIES
Duleito] fermentation 96 4 i 0 100 variable
Lactose fermentation 1 1 15 85 g {0 ? ot given
ONPG Test 2 15 100 150 0 100 variable
Malonate utilization 1 95 95 85 0 i 0
Growth in KCN medium 1 1 1 1 95 100 0
Mucate fermentation 90 95 80 30 0 100 +
Gelatin hydrolysis® - + + + + - +
D-Galacturonate fermentations - + - + + - +
+ - ¥ v +

? Adapted from Le Minor ot gl S1a&

¥ The numbers give the % positive for the tests after 2 days incubation a1 35%C and are based on CDC deta. The vast majority of the positive tests
soour within 24 br; reactions positive after 2 days are not considered.
* Based on the data of Le Minor ot al¥9%® 4 < 80% or more positive; — = 10% or less positive, The test for gelatin hydrolysis is the rapid “film”
rngthod 8t 35%C (almost all sirains are negative by the tube method at 22%C within 2 days).
Currently recognized as the second species of Salmonella, L.a., 5. enterica and 5. bongor.
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the abuse potential of the product. The sensiiivity of the consarmer
group and whether the food undergoes a step lethal to Salmonella
during processing or in the home were the most important to the
1.8, Food and Dirug Administration (FDA} in selecting a sampling
plan for Salmonella. Accordingly, a sampling plar has been imple-
mented, placing foods into one of three categories:

Category I-—foods that would normally be placed in Category
I, except that they are intended for consumption by the aged, the
infirmed, and infants (60 analytical units);

Category H-—foods that would not normally be subjected toa
process lethal to Salmonells between the time of sampling and
consumption {30 analytical vnits);

Category Ii—foods that would normally be subjected to a
process lethal to Salmonella between the time of sampling and
consumption (15 analytical units}.

Various studies have demonstrated that dry compositing
{(combining analytical units into a single test)™ or wet com-
positing {(combiring pre-enrichment cultures of individual ana-
fytical unitsP®i»2 substantially reduces the analytical workload
without compromising method sensitivity. In the PDA sampling
plan, up to 15 % 25-g analytical units may be combined and tested
as a single 375-g composite unit. The presence of Selmonells in
foods assigned o Categories §, I, or I may be determined by
the analysis of 4, 2, 1 composite wait{s), respectively.

Whether the FDA or the ICMSF sampling plan is used, the
assurnption is often made that negative resulis indicate that the
product is deemed free of Salmonella (95% confidence level), ergo
ihe zero iolerance connofation. In applying the NRC Category I
samypling plan, negative resulis indicate that the sarnple containe
no more than one Salmonedls per 500 grams, not that it is com-
pletely free of the crganism. Furthes, this Hmit assumes random
distribution of the contarninant, which is certaindy not always the
case. To reach the same degree of confidence with non-random
distribution would require negative results of a much larger num-
ber of randomly drawn samples.

37.123 Pre-enrichment

Salmonella organisms in foods are often present in low numbers
and in a debilitated condition. As indicated previously, pre-
enrichment in a nonselective medium obviates this problem as
well as that caused by adding large amounts of food into the se-
lective enrichmnent broth. North® first noted exthanced recovery
of Salmonella from egg albumen as a result of pre-envichment in
tactose broth, Fven though lactose is not fermented by Salmonella
organisms and is fermented by competing coliforms, attempts to
replace lactose with sugars fermented by Sabmonells organisms
proved no morve effective than lactose broth, Lactose brothis com-
monly used in the prescribed methods for a wide variety of foods.
Anumber of other pre-enrichment media is used in the standard
analysis of specific foods (Table 3).

In connection with Sahmonella control programs, a variety of
environmendal samples may be analyzed, e.g., air filters, contents
of dust collectors, static material collecting on processing equip-
ment, swabs from floor drains, ete. The analysis of these samples
does niot differ from that of the finished product, except that the
pre-enrichoent procedure must be consistent with the nature of
the environmental sample, For example, an entire air filter may
be examined. Pre-enrichment should take into account the mass
of the filter examined. Beyond pre-emxichment, the analytical
method is the same as for food samples.

37.124 Belective Enrichment

Fraichment media, which are inoculated with portions of pre.
enrichment cultures, favor the growth of Salmonells organisms,
Tn the past, direct exrichment of highly contaminated raw prod-
ucts, such as meats and sewage, was advocated. However, ithas
been concluded that such samples should be pre-enriched for
greater recovery of the target orgardsm.™

In the third edition of this Compendium, only selenite cystine
{5C) and tetrathionate brilliant green (TBG) broths were used for
selective enrichment, However, the Sth edition of the Bacteriologi-
¢l Analytionl Manval (BAMY™ specifies that 2 modified Rappapont
medium, Rappaport-Vassiladis (RV) medium®™ be used for raw
flesh foods, highly contaminated foods and animal feeds. Itis the

 intent of the FDA to eventually replace 5C broth with RV medium

for the analysis of all foods because of the known toxdcity of sele-
nivm which is formed from the reduction of sodism acid selenite
during incubation. Moreover, disposal of the medium is expen-
sive according to the guidelines of the U.S. Environmental Pro-
tection Agency. The use of two or more selective media provides
greater method sensitivity than a single enrichment medium.

A pumber of studies has shown increased recovery of Salmo-
neils orgardsmms when incubating selective broths at43°C, instead
of the more frequently employed 35-37°C A5 However,
MeCov® and Aleksic et al.* reported that, in some instances, in-
cubation at 43°C prevented recovery of Salmenells. For foods with
a high microbial load, the reference method described hereafter
{Section 37.2) prescribes incubation of TBG broth at 43°Cand BY
meditm st 42°C. For foods with a low microbial load, the 5C and
TBG broths are incubated at 35°C.

In an attempt fo provide greater analytical flexibility, I Aoust
et al. ¥ investigated the potential of refrigerating pre-enxichment
and selective enrichment cultures for 72 hy, thexeby avoiding
weekend work. Collaborative studies showed that the refrigera-
Hon (4°C) of pre-errichment and enrichment ealtures did not ad-
versely affect the detection of Salmonells in a variety of low- and
high-mnisture foods, thereby increasing the number of weekdays
on which Salmonelle analyses could be initiated

37.125 Selective Plating Media

Selective plating media are formulated so that growth of Salne-
nelix bacteria results in the formation of discrete colonies with
concontitant repression of competing microflora. Separation of
Salmonells from non-Salmonelia bacteria is obtained through the
incorporation of various dyes, bile salts, and other selective agents
ixte the agar media, When non-Sglinensllz coloxies appear o0
these media, they are generally distinguished by their ability of
inability to produce hydrogen sulfide and metabolism of one 0
more discriminating carbohydrates in the media * Selective plat-
ing tmedia that have been used for the {solation of Salmonella v
clde brilliant green (BG),¥ BG sulfa,” bismuth sulfite (B8)* 5+
movnella Shigellan ¥ MacConkey’s ¥ desoxycholate citrate FHekioent
enteric (HE),” xylose lysine desoxycholate dtrate (XLD)”
Shanson’s,® Rappold-Bolderdifk modified lysine iron, ™ Ram
bach™ lysine-iron-cystine, ™ modified semi-solid BV {MERV)
medium® and novobiocin-brilliant green-ghucose ¥ None of thest
agars ave ideal for all situations, justifying the recorumendation
in many reference methods for the use of two or more agal e
dia's,sa:ws,m

Since their original formulation, seme of these agars have beght
modified by the addition of antibiotics, sulfa drugs, surfactant
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Table 3. Analysis of Foods by Methods of the Bacterivlogical Analytical Manual snd the Associstion of Officlal

Analytical Chemists International

%.;M

Pre-earichment®

FPreparation?

Er;;d egg yolk, egg white, and whole egg, lquid milk;
sowdered bread and pastry mixes; infant formulas;
oral or tube feedings containing egg; cocomut’; food
dyes with pH 2 6.0 {10% aguecus solution); gelatind;
guar guny®

Pasta {noodles, macarovi, spaghett); egg wlis; cheess;
doughy prepared salads: fresh, frozen, or dried fruits
and vegetables; nut meats; crustaceans; fish; meats,

meat substitutes, meat by-products, animal substances,

giandular products, meads {fish, meat, and bone}; casein
shell epgs, liguid whole eggs (homogenized), and hard-
botled eggs

Food dyes with pH<6.0 {10% aqueous solution)

MNonfat dry milk (instant and noninstant)

Dry whele milk

[iried active® and inactive yeast; black pepper, white
pepper, celery seed and flakes, chili powder, cumin
paprika, parsley flakes, rosemary, sesame seed, thyme
and vegetable flakes

Ordon flakes and powder, garlic flakes and powder

Allspice, cinnamon, oregano

Clove

Leafy condiments’

Candy and candy coating; chocolate

Frosting and topping mixes
Frog legs

Lactose broth

Lactose broth

Trypticase {tryptic).
80y broth!
Nones

Brilliant green water {add 2 mL
1% brilliant green dye sclution
per LO0D ml distilled water)

Pistilled water and add 045 mb
1% briliant green solution

Trypticase (ryptic) soy broth

Tryplicase {lryptic) soy broth
containing 3.5% K5C,
final concentration
Trypticase {ryptic} soy broth
Tryplicase {tryptic) soy broth
Trypticase {tryptic} soy broth
Reconstituted nonfat dry milk/
add 6.45 mL 1% briliant green
solution
Nutrient broth
Lactose Broth

Bix

Blend

it
Mix 25 g/225 L. TBG

Soak {gently layer powder on
broth; do not shake, do not adjust
pH

Mix

Mix

Mix

Mix, using 1:100 sample/broth ratic
Mix, using 1:1,000 sample/broth ratio
Mix, using >1:10 sample/broth ratio

Blend

Mix

Immerse/rinse lef pairs,
(individual leg f 225 g) and
examine rinsings

t Uniess specifiad otherwise, 25-g samples are pre-enriched in 228 mi of indicaiad medium,

&

Unless spacified otherwise, 1-mil volumes of incubated pre-enriched cultures of foods are suboubiursd to 10-mb volumes of selenits eystine and

tetrathionate brifliant green {TBG) broth. For RV enrichment, 0.1 mb of pre-enriched cultures are subcultured to 10 mb BV medium,
¢ Add up to 2.2 mi of Tergitel 7 or Trition X-100 to initistes foaming.

¢ Add 5 mi of 5% pepain solution.
® Ada 2.25 mib of fiterateriized 1% ceilulese solution.
Far shell sggs and hard-botled sggs, sxamine egg volk only,

¢ Pra-enrichment in lactose troth may provide improved recovery,
Crz-mi volumes of pre-snrichment cultures of drisd active yeast are transferesd to 10-mL volumes lauryl tryptose broth and T8G broth,

' it may be necessary 1o examineg lsafy condiments at a ratio of broth-to-samipls that is greater than 110 bacause of the physical difficulties

encountered by absorption of broth by the debydrated product.

! Reconstituted nonfat dry milk is prepared by adding 100 g of nonfat dry milk to 1 L distilled water.

and other chenvical substances in an attemipt {o bmprove media
selectivity and/or sensitivity. Gadberry and Highby® incorpo-
rated dimethyichlortetracydline hydrochloride into BG agar and
feported greater inhibition of species of Profeus, Providencis, and
Citrobacter, Sulfadiazine, sulfapyridine, or sulfanilamide report-
sdly improves BG agar selectivity W% Moats and Kinner™ sub-
saquently found that addition of hydrogen sulfide detection sys-
ter to BG agar alded in the identification of Salmonellz colordes,

particularly in the presence of large populations of competing
microorganisms, Addition of novobiocin to XL agar or to HE
agar resulted in improved media selectivity™ % and increased
rates of Salmonella recovery,i®

Variationsin the preparation of the selective agars are comumon
and can adversely affect media performance. Although Difco®
recomumnends using freshly prepared plates of B5 agar, Cook™ re-
ported that such plates were inhibitory o several Salmonells
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serovars; such inhibition decreased upon storage of prepared
plates under refrigeration for up to § days before use, MeCoy®
found that freshly poured BS plates were too inhibitory for
serovars other than 5. fyphi. TV Aoust™ also reported that inocu-
lated plates of freshiy poured BS agar required incubation for 48
hr to yield Salmonella recoveries similar to those obtained on'ho-
molegous refrigerated plates, When a marnudacturer’s directives
for medivm preparation differ from those described in a reference
method, the reference method should be followed, Where such
directives are not specified in the analytical method, the media
should be prepared according to the manufacturer's instructions.

The selective plating media are inoculated by streaking a
ioopfud of the envichment culture onto the dry surface of prepared
plates to obiain well-separated colordes. Flates are usually inou-
bated at 35° or 37°C. Incubation at an elevated temperature
(41.5°C} was reportedly advantageous in recovering different Sal-
maoneln sexovarson BG agar and §. typhi on XL and HE agars, 10601%
Wilson et al *? however, reported that incubation of BS agar plates
at 43°C resulted in the appearance of small atypical Selfmonedls
colonies and, in several instances, reduced sensitivity. Fazlier re-
sults had also shown significanily lower recoveries on BS plates
incubated at 43°C than at 35°C.% DeSmedt and Bolderdik™® intro-
duced a motility enrichiment on MSRV medivm incubated at 42°C,
With this technique, a serologically confirmed Salmenells result can
be obtained 48 hr after the beginning of pre-enrichment.

inoculated plates are usually incubated 18 to 24 hr. BS agar
plates should be observed after 24 hr of incubation, and re-ineu-
bated for additional 24 hr before making a final determination on
the presence or absence of Salmonells in the test material,

37.128 Biochemical Media

Biochernical screening media are nonselective and generally es-
tablish different biochemical traits of the test culture theough color
change(s) in the medium. Such data generally pertain {6 the pro-
duction of hydrogen sulfide or to the utilization of one or more
fermentable carbohydrates in the medium. Additionally, inocu-
iated differential media also provide an inoculum for subsequent
biochemical and serological testing.

Two differential agar tube media are widely used. Triple sugar
iron agar {TS1) measures production of hydrogen sulfide and uti-
Hration of ghucose, lactose, and sucrose,™ whereas fysine iron agar
(LIA} monitors production of hydrogen sulfide and decarboxy-
fation of lysine.®? These two agars axe usually used in combina-
Hon and provide a preliminary biocherical screening of suspect
caltures. i is important to recognize that some of the TSI reactions
may be redundant with those observed on plating media. Cultures
that appear to be contaminated on these agar tube media should
be restreaked on an appropriate selective plating agar and a sroall
poriion of a single colony exhibiting fypical characteristics trans-
ferred. to the differential media for repeat testing, Other Salmonells
differential media include dulcitol lactose iron agar™; malonate
dulcitol lysine lron agar'™; DMS agar®; duldtcbmalonate-pheny-
ialanine agar®; and selective Padron-Dackstader agar®

37.12 General Description for the ldentification
of Salmonella

37.131 Biochemival Tests

Many biochemical tests are available for the characterization of
foodborne isolates, obtained from food producis. A comprehen-
sive list of biochemical and nutritional characters of the family
Entevobacteriacens is found in Bergey’s Marnusl of Systematic Bacte-

362 ¢

riolngy,™ and many of these tests have been described in detail by
Bwing.* Presumptive identification of typical Salmonells can be
obtained from a minimal nunber of bicchenical tests that may
include TSI/ LIA reactions, urease, KCN, and indole. The RIeRse,
lysine decarboxylase, growth in KON, and indole tests are gen-
erally sufficient for presumptive identification of salmonellae 815
Neote: Final identification rests with serclogical tests, not bio-
chemical tests, because Salmonallz strains do not always produce
typical biochemical reactions.

37.132 Commercial Biochemical Multitest Systems
or Kits

Many biochemical tests are routinely used to differentiate mem-
bers of the family Enterobacteriacese and to chavacterize presump-
tive Salmonella isolates. Commerdially available multitest systerng
or diagnostic kits are more convenient than conventional tube
systema and generally provide reliable test resulis ¥ The AP]
20, Minitek, and Enterotube systems received AQAC approval
n 1978, the Micro-ID Kit in 1989, and the Vitek GNI + system
n 319917 Other mdndaturized systerns have showria high degree
of correlation with conventional tube tests but have not been
subjected 1o AOAC collaborative studies. These and other diag-
nostic systems and kits are thoroughly reviewed in Chapter 30,
Note: Complete identification of Seimonella should not bebased
sclely on biochemical tests because strains do not always produce
typical biochemical seactions (Tables 1 and 2},

37,133 Confirmatory Sercfogical Tests
The genus Salmonells is characterized serclogically by specific
antigenic coxmnponents.® The antigens are divided into somatic
{O), flagellar (H), and capsular (K} antigens. The somatic (O} ant-
gens are composed of lipopolysaccharide complexes that are heat
stable and resistant to aleohol and dilute acid. The proteinaceous
flagellar (13) antigens are heat labile, whereas the surface K anti-
gens consist of heat-sensitive polysaccharides that occur in the
capsule of in the outer membrane of the bacterium. K antigens
such as the Vi antigen tend to inhibit somatic (O} agglutination
reactions and must be thermally denatured before undertaking
somatic agglutination reactions, For further information concern-
ing Salmonella antigens and antisera, see Edwards and Ewing,”
Kauffmann,”™ and [CM3E™

Since other members of the Enterobacteriacess e.g., Citrobacter
and Frovidencis, have related somatic (O} artigens, false-positive
serological tests may be encountered, on occasion, upon testing
unknown isolates with Selmonelia antisera. This probien: is dimin-
ished when more specific single factor or adsorbed antisera are
used. Definitive serotyping of a culture should be performed by
specially trained personnel working in a reference laboratory.

Concurrent serological confinmation and biochemical charac
texization of a single rolony forming unit by some bicchemical
kits can be completed within 8 to 24 b6V

37,14 Rapid Cultursl Methods

Early atteropts to reduce the time required for Salmonelis analy-
sis involved the use of short incubation times. Abbreviated inct
bation of pre-enzichment (€56 hr) is destrable because it would &l
low presumptive identification of salmonelise one day cathier
compared to standard culture methods employving 18 to 24-he pre
enrichment. However, attempts to reduce pre-enrichment incd
bation to 6 hr resulied in an unacceptable number of false-negd”
tive results compared fo 18 to 24-hr pre-envichment 5%

oy
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Combining pre-envichment and enrichiment steps into a single
analytical procedure also has been proposed to reduce analytical
ime. In this approach, selective agents were added to the pre-
enpichment medium, either gradually through the use of time-
release capsules™ or by direct addition after 4-hr incubation.
The time-release capsule method was not effective in reducing
analytical time required for analysis, presumably because of the
inconsistency in the dissolution of the capsules from ot tolot. In
a subsequent study, Sveum and Keaft'® added selective agents
to @ nonselective basal medium after 4 hr of incubation and con-
tinued ncubation for a fotal of 24 hr at 35°C. Results with pure
cultures of heat-injured and freeze-injured salmonellae and with
artificially contaminated foods compared favorably with the stan-
dard culture method. Howsver, this novel approach has niot found
wide application, pussibly because addition of selective agents
after -hy incubation is inconvenient and could resaltin a longer
workday (-8 hr}. The need for large quaniities of selective agents
to convert pre-enrichment cultures into selective enrichment
broths would significantly increase analytical costs.

Reduced incubation of selective enrichment broths also has
been investigated. One study utilizing a 6-hr selective step fol-
lowing overnight pre-envichment vielded results similar to that
obtained with a 24-hr selective step for feeds and feed ingredi-
ents.” However, use of a 6-hr envichment with raw and processed
foods resuited in a high percentage of false-negative results com-
pared to that obtained after 24 br of incubation ™ The influence
of reduced incubation time (<8 hr} on productivity of tetrathionate
and Rappaport broths for detection of Salmonelly in naturaily- and
artificially-contaminated foods was examined by Rappold et al®
Modified Rappaport broth identified a similar number of Safno-
nella-positive samples after 8 hr and 24 hr of incubation. With
tetrathionate broth, all but 3 of 27 contaminated samples were
positive after & hr of incubation. Thus, the use of reduced ncu-
bation of selective enrichment periods may provide adeguate
detection undex certain conditions, butis not consistently reliable
and is not recomimended. Seme evidence suggests that extended
incubation (> 24 hr) of selective envichment may improve detec-
tion, ##1% byt other data indicate no benefit and reduced recov-
ery from extended {(>24 hr} selective envichment, 8265

Although reduced incubation of envichments may not always
provide optimal conditions for isolation of salmonellae, some
evidence shows that reduced enrichment can be productive when
used in consbination with rapid screening methods, For example,
6-hr selective enrichment procedures for dry foods are employed
in three rapid methods approved by the ADAC: hydrophobic grid
membrane filiration (HGMF),® enzyme immunoassay (B1A}%%
and DNA-DNA hybridization™

Most of the methiods proposed for the rapid detection of Sal-
monella in foods are screening tests and designied to provide sapid
negative results, but requiring cultural confirmation of presamp-
tive Salmonella isolates. Ideally, a rapid screening method would
be performed directly on the food product without the need for
envichment of the sample. However, none of the methods cur-
enily available possesses the reguired sensitivity to detect the low
numbers of salmonellae vsually encountered in foods. Most
employ one or more exwichinend steps whose purpose is the same
as described in standard cultural methods; i.e., pre-enrichment
allows for the recovery and growth of injured cells whereas se-
lective enrichment favars the growth of salmonellae and inhibits
the growth of competitive bacteria. Several methods also employ
& third nonselective enrichment broth {post-enrichment} which
tesults in a modest increase in cell numbers.

i Balmeneaila

3798  Assocciation, Agency, snd International
Methods

37.151 Assvciation of Official Analytical Chemists
international {(AQAL)

The primary objective of the ADAC is . . .to obtain, improve,
develop, test, and adopt uniform, precise, and accurate methods
for the analysis of foods, drugs, feeds, fertilizers, pesticides, wa-
ter, or any other substances affecting public health and safety,
economic protection of the consumer, or quality of the environ-
ment. . .."* To be adopted as official, 2 method must be 1) reli-
able, 2} practical, 3) available to all analysts, and 4) substantiated,
The proposed methad of analysis must be subjected 1o a collabo-
rative study and the results from that study reviewed by an
ACAC comnmitiee. If approved, the study is published in the
AUAC's journal and the method is adopted as an official first
action method, the first level of sanction granted by AQAC. A%
ter a minimurs period of two years, the first action method is
adopied as a final action method, the highest level of ACAC sanc-
Hon, after all adverse comments, if any, have been satisfactorily
addressed. The recommended procedure for the analysis of vari-
sus foods delineated in Section 37.5 is based on ACAC methods.

37,182 U3, Food and Drug Administration (FOAj—
Bacteriological Analytical Manual

This book™ contains the microbiological methods used in FDA
laboratories to analyze foods. These methods are currently con-
sidered to be the most useful to the FDA in enforcing the provi-
sions of the Federal Food, Drug, snd Cosmetics Act. ' Methods
having official AGAC status are included in this manual. The
Bacterivlogical Analytical Manual (BAM) and AUAC methods of
preparing various foods for the isolation of Sefmonslls are Hsted
in Table 3. Isolation and confirmation procedures are described
in Sections 37.52 and 37.53.

37.153 Centers for Dissass Controf and Prevenition

Amanual” used in the CDC's course on Salmonells isclation pro-
cedhures is available. Directions for sampling, isolation, and iden-
tification of Safmonells ave provided.

37.184 United States Department of Agriculture

The Agricultural Research Service publishes manuals for Salmo-
nellz analysis of poultry™ and animal feeds. ™ Recommended test
procedures are presenied, followed by descriptions of serologi-
cal and biochemical confirmatory test procedures.

The Poultry Division of the Agricultural Marketing Service
publishes a laboratory handbook™ that includes directions for the
analysis of eggs and egg products,

The Food Safety and Inspection Service publishes a laboratory
guidebook™ that containg a comprehensive discussion of iscla-
tion and identification procedyires for Satmonells in fouds.

37.158 international Organizations

Meany organizations are concerned with raicrobiological criteria
and safety of foods involved in international trade. Specifically,
these agencies are involved io the collection and assessment of
microbiological criteria for foods, and the development, study,
and standardization of methods for the microbiclogical exami-
nation of foods. Figuring prominently in this area of endeavor are
the JCMSF {of the International Association of Microbiological
Societies} and the Codex Alimentarius Comumission, as well as

4 383
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temporary Expert Consultations of the Joint Food Standards
Programme of the United Nations' Food and Agriculture Orga-
nization and World Health Organization, and Technical Cornmit-
tee 34 of the International Organization for Standardization {I50).

372 TREATMENT OF SAMPLE

27.21 Colisclion {see Chapter 2 and Section 37,122}
37.22 Holding {see Chapter 2}

37.23 Mixing and Homogenization

¥ the food product is frozen, thaw a suitable portion at 2° 10 5°C
for 18 hr before analysis, o, if rapid thawing is desived, thaw at
<45°C for <15 min, If the food product is powdered, ground, or
comminuted, mix it with a sterile spoon or othex sterile equip-
ment before withdrawing an analytical unit. A homogeneous
suspension of most powdered products can be obtained by mix-
ing the analytical unit and broth with a sterile glass rod or other
apprepriate stexile instrument. Homogeneous suspensions are
obtained in some cases by shaking the feod-broth mixture by
hand or by using a mechanica! shaker. Mechanical blending may
be required if the food consists of large pleces. Ablending time
of 2 min at 8,000 rpm is usually satisfactory for most foods.

37.3  EQUIPMENT AND SUPPLIES
37.31 Eguipment and Materials

1. Blender and sterile blender jars

2. Sterile 160z (500-mL} wide mouthed screw-cap jars, sterile

500-mL Brlenmeyer flasks, sterile 250-ml beakers, sterile

glass or paper funnels of appropriate size, and containers of

appropriate capacity to accommodate composited samples

Sterile bent-glass spreader rods

Ralance, with weights; 2,000-g capacity, sensitivity of 0.1 g

Balance, with weights; 120-g capacity, sensitivity of § mg

Incubaior, 35°C

Waterbaths, 48°C to 50°C {polyvalent fagellar and Spicer-

Edwards testing; 42 £0.2° C{RV medinm); and 43 £ 0.2° {TBG

broth); waterbaths for RV medivm and TBG broth should be

circulating and thermostatically-controlled

8. Sterile spoons or other appropriate instraments for fransfer-
ring food specimens
6, Sterile culture dishes, 15 % 100 mum, glass or plastic

10, Sterile pipettes, 1mi, with 0.01 mL graduations; 5 and 10 ml,
with 0.1 mL graduations

11, Inoculating needle and inoculating loop (about 3 run inner
diameter), nichrome, platinum-ixidium, or chromel wire

12, Sterile test or culture tubes, 16 x 150 nun and 20 x 150 oy
serclogical tubes, 10 < 75 mm or 13 X 100 mm

13. Test or culture tube racks

14: Voriex mixer

15. Stexile shears, large scissors, scalpel, and forceps

16, Lamp {for observing serclogical reactions)

17. Fisher or Bunsen burner

18, pH test paper {pH range 6 to §) with maxdnum graduations
of 0.4 pH units per color change

19. pH meter

20. Plastic bags, 28 » 37 cm, sterils, with resealable tape. (Jtems
70 to 22 are needed in the analysis of frog legs and rabbit
CArCASSes.)

71. Plastic beakers, 4 L, autoclavable, for holding plastic bag
during shaking and incubation )

3 g o

22, Wechanical shaker, any model that can be adjusted to give
100 excursions per min with a 4-om (1 1/2-iny) stroke, such
as the Bberback shaker with additional 33 and 48-cr clamp
bars

37,32 Mesdis and RBeagenits

Por preparation of media and reagents, refer to Secion 967.25 in
Oficial Methods of Analysis®
1, Nonsslective media for pre-envichment and propagation
Lactose broth
. Nonfat dry milk (reconstituted)}
Trypticase {BBL} or trypiic (Difco} soy broth
. M-broth
GN-broth
Nutrient broth
. Brain heart infusion broth
2. Selective envichmeént media
a. Selenite cystine broth
b, Tetrathionate broth {commercial formulation from BBL
or Difeo) with brilliant green dye
¢. Rappaport-Vassitiadis (RV) medium
3. Selective isolation media
a. Xylose lysine destmrycholate agar
b. Hektoen enteric agar
¢. Bisrouth sulfite agar
d. MacConkey agar
4. Media for biochemical characterization of isolates
Triple sugar iron agar
. Trypione (ryptophane} broth
Trypticase (iryptic) soy broth
. Lauryl trypiose broth
. Trypticase soy-tryptose broth
MRE-VP broth
. Simmons citrate agar
. Urea broth
Ures broth (rapid)
Malonate broth
. Lysine iron agar (Edwards and Fife)
1 Lysine decarboxylase broth
. Motility test medium (serni-solid)
1. Phenol red carbohydrate broth
0. Potassium cyanide
p. Bromeresol purple casbohydrate broth
. Reagenis
Papain solution, §%
. Cellulase solution, 1%
Potassium sulfite powder, anhydrous
. Kovacs’ reagent
Voges-Proskauer test reagents
Creatine phosphate ovystals
. Potassium hydroxide sohution, 40%
. 1 N sodtum hydroxide solution
1 N hydrochloric acid
Brilliant green dye solution, 1%
. Malachite green oxalate solution, 0.4%
Bromeresol purple dye solution, §.2%
. Methyl red indicator
Magnesium chloride solution, 40%
. Sterile distilled water
. Tergitol Andonic 7
. Triton X-100
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1. Physiological saline solution {sterile)

5. Formalinized physiclogical saline solution

t. Salmonella polyvalent somatic {O) antiserum

. Swimenella polyvalent flagellar (H) antiserum

v. Salmonella somatic group (O} antisera: A, 8, C,, O, C,, B,
DB, B, E, B, F G H L Vi and other groups a3
appropriate

w. Salmonella Spicer-Edwards flagellar () antisera

27.33 Additional Materlals and Equipment
37.331 Fluorescent Antibody Technique

1. Fluorescent microscope with exchier filter (330 to 500 run) and
parrier filter (>400 nm}

9 Multwell slides coated with flvorocarbon material (available
from Cell-Line Associates, Minotola, NJ 08341 or Clinical
Sciences, Inc., 30 Troy Road, Whippany, NJ 07981); slides
may also be prepared as described in the ADAL method F

37,832 Hydrophobic Grid Membrane Filtration

1. HGME filter, polysulfone membrane filter with pore size of
(.45 fim and imprinted with nontoxic hydrophobic material
in a grid pattern (QA Laboratories, San Diego, CA), or
equivalent

2. Filteation undts for IIGMF filter, equipped with 5-jo mesh

prefilter to remove food particles during filiration; one unit

is required for sach test sample

Vacum pianp, water aspirator vacuum source is necessary

4. Manifold or vacuum flask

P

37.333 immunodiffusion
Salmonells 1-2 TEST unit (BioConirol Systems, Inc., Bellevue, WA
98005)

37.334 Enzyme Immunogssavs

1. Multipipettes capable of delivering accurate amounts in
ranges 50 to 250 ul

2. Waterbath, autoclave, or steamer capable of maintaining
100°C

3. Microtiter plate reader; specifications of instrument may vary
with the assay and are described in the methods (Section
37.74)

37.335 DNA Hybridization

1. Micropipettes capable of accurately dispensing 0.10mlL, 035
mL, axud 0.754 mL

Waterbath capable of maintaining 65°C

Photometer fo read absorbance at 450 rom in 12 75-mm test
tubes

Dipstick holders and wash basins (available from GENE
TRAK Systerms, Hopkington, MA 01748}

g

g

37.338 Conductance
L Microbiclogical analyzer instrument operating at 35°C that
meagnres microbial growth based on conductance changes
recorded at frequency of 10 kHz (Malthus Instruments Lid,
The Manor, Manor Royal, Crawley, West Sussex, RH102PY,
United Kingdomy)
2. Antomatic pipette capable of delivering 100 gL

1 Salmonells

37.4 PRECAUTIONS AND LBITATIONS OF
REFERENCE AND RAFID METHODS

37,47 Sampiing

Specific sampling plans for Selmonells have been in place for sev-
eral years.” % To maintain the stalistical significance of these
plans, they should be used exactly as dirvected, without modifi-
cation. Particular atiention should be given to instructions for
compositing samples. The maximal number of 25-g analylical
units that may be composited is 15, resuliing in composites weigh-
ing 375 g8

In applying the soak methoed for the analysis of low-moisture,
poswdered foods, be aware that compogited samples of certain
foods such as non-instant nonfat dry milk, dry whole milk and
soy four are not readily weited. In these cases, 25-g analyiical
units should not be composited but analyzed individually.

37.42 Media Preparation sad Disposs!

Unreliable laboratory results can arise from improper prepara-

tion of laboratory media and absence of appropriate controls that

form an integral part of sound laboratory quality assurance pro-

EYams.

A posiitve medium control ensures that no substances in the
laboratory medium are inhibitory o salmonellae. This control is
prepared by inoculating the medium with a suitable stvain of
Salmonella and proceeding through the entire analytical protocol
used for test sampling,

Anegative medium control ensuzes that the prepared medium
is not contaminated with sabmonellae. This control is prepared
by carrying a flask of the uninoowated mediun trough the ana-
Iytical procedure used for test samples.

In addition to the above, the following specific points should
be considered in the preparation of media for Salmonells isclation:

1. Potential toxicity of various lots of briliant green dye should

be defermined using appropriate laboratory sirains of sal-
monellag.

2. Flasks of TBG broth should be shaken frequently during
dispensing into culbuse tubes because calclum carbonate
teruds to settle,
5C broth should be digpensed in 16 x 150-mun tubes to a
depth of at least 5 om, since this medium is most efficient in
an environment of reduced oxidation-reduction potential.®
4, Plates of BS agar should be made the day before use since
freshiy prepared agar may be indhibitory for Selmonella. Pre-
pared plates should be stored at 4° to 53°C and tempered to
roomn lemperature before use fo avoid condensation of mois-
ture on the surface.

LIA slants should be prepared with a deep butt (4 o) since

Iysine decarboxylation reactions are more reliable under

micreaerophilic conditions,

6. KON should not be stored under refrigeration longer than 2
weeks since it may become unstable and give false-positive
resulis,

7. TSI tubes should be capped loosely; otherwise erronecus
reactions geeur. By definition/ convention, HS production
by Safmonella is defined using TSL

8. Inmany localities, the selenium formed during the incuba-
Hon of 5C broth is considered a toxic waste, Therefore, local
snvironmental guidelines concerning disposal of selenite
should be followed at all tines.

Cax

o
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37.43 QConventional Culture Frocedure 12, Por each type of binchemical determination, a tube of
uninoculated medinm (negative medium control) should be
included.

13. Only the AOAL approved diagrostic kits described in Sec-
Hion 37.132 should be used for the rapid biochexnical charac-

For the analyeis of 2 test sample, the following specific poinds
should be considered:
1. The actual rpm speed of a food blender should be deter-

-3

mined by a tachometer or similar device. Use of a blending
speed higher than that recommended in Section 37.23 may
vesult in injury or death of Salmonelle oxganisms. To avoid
spillage, initiate blending atlowest speed for a few seconds,
and then gradually increase to the recomunended blending
spead,

. ¥itis necessary to thaw a frozen sample for analysis, water-
bath temperature must not exceed 45°C.

3. Modified Rappaport medivm RV medium) has replaced 8C

broth as a selective enrichrnent broth for xaw flesh and highly
contaminated foods and animal feeds. Because this medium
is less selective than some others, it works best at an inouba-
tion temperature of 42°C,

. Many proceduges call for incubating envichment broths at
43¢, While this elevated temperature of incubation s a
valuable fool for recovery of Salmonells, cave should be taken
10 assure that incubators do not operate above 43°C. A re-
cording thermometer should be wsed to monitor the tem-
perature.

. Freshly prepared BS agar is often too inhibitory for serovars
other than 5. typhi. Storage of BS agar plates in the refrigera-
tox for one to 5 days before use will greatly decrease this
toxicity and improve the efficiency of the medium.

. For sample types that contain many competing organisms
such as Profeus, addition of novobiocin to HE and XLD agazs
at a concentration of 15 ppm will greatly improve the effi-
ciency of these media.

Analysts should be aware that atypical Salmonelle stralns,
e.g., 5. arizonae and other lactose/ sucrose-posttive and FS-
negative Sefmonella biotypes, may be encountered on difer-
ential agar media. Lactose- and/ or sucrose-positive cultures
may resemble coliforms on HE, XLD, and TSI agars. TSI
cultures with an acid slant should not be discarded as nove
Salmenells but further screened biochemically and sero-
logically.

. The center of suspect Salmonella colonies on plating media
should be picked lightly to avoid transfer of variable non-
salmoneliae that may lie under or adjacent to the suspect
Salmonella colony.

. TSI slants should be capped loosely during incubation for
maintenance of acrobic conditions to prevent erronecus ackd
reactions on slant and excessive H,S production in the butt
of the tube. f heavy IS production masks the reaction in
the butt, glucose utilization should be assumed.

L. Caps of inoculated lysine decarboxylase broth should be
replaced tightly. Lysine decarboxylation ocours anaerabi-
cally, and exclusion of air will eliminate false-positive reac-
tions resuliing from oxidative deamination of peptones in the
medium. Por LIA slant and lysine decarboxylation broth
reactions, only a distinct yellow color in the butt or broth
should be considerad negative. Cultures giving weak, inde-
terminate reactions in the decarboxylase broth medium
should be retested by adding a few drops of 0.2% bromeresol
purple dye and reading immediately.

1. If the purity of the TSI slant culture is in doubt, streak the

culture to MacConkey, HE, BG sulfa, XLIZ or similar agars
and repeat the TSI test nsing a well isolated colony.

terization of Salmonella.

37.44 Rapid Screaning Methods
37.441 Flugrescent Antibody Technique

1. This method s recommended only as a screening test for the
presence of Salmonells because the andibodies may produce
false-positive reactions by cross-reacting with other members
of the Enterobacteriacene and through nonspecific reactions,
Consequently, presumptive FA-positive enichment cultures
must be siveaked onto plating media and suspect colondes
confirmed by bicchemical and serological techniques de-
scribed in Section 37,5, Interpretation of FA results is highly
subjective and requires trained analysts.

2. The method is subject to variations in the preparation of
smears, corjugate, and other reagents, and misaligrment of
the fluorescent microscope may lead to erronecus results.

37.442 Hydrophobic Grid Membrane Filtration
Described in Ssotion 37.72

1. In this techrdigue, TBG broth medium {10 md) is incculated
with 0.1 ml of pre-ensichment culture instead of the more
standard 1.0 mL ransfer volume; larger volumes do not pro-
vide favorable Seimonella to non-Salmonelin ratios in TBG
broth after a 6-hr incubation.

2. Tubes of THG broth are inoculated with a portion of pre-

envichment culture and incubated at 35° 1o 37°C n a water-

bath, rather than in a convection incubator, because a full &
he incubation period is needed for Salmonelle organisms to
reach detectable levels.

Growth units on HGMY filters should be picked with a fully

cooled sterile needle.

w

37.443 Immunodiffusion: 1-2 Test™ Dascribed in
Bection 37.73

1. This method is a screening test for foodborne Salmonella.

2. Nonmothe Salmonella sirains will rot be detected because the

method is based on the migration of salmonellae in a semi-

solid medium.

The chamber plug that seals the opening between the motil-

ity chaxnber and the TBG broth inoculation chamber must

be removed prior to inoculation of the 1-2 Test, Fatlure o

remove this plug will prevent Sabmonella from migrating

from the inoculation stte to the motility chamber,

4. The gel former tip, an interior protrusion of the cap of the
wetility chamber, pust be cut off to prevent displacement
of the added antibody solution.

o

37.444 Enzyme Immunoassays (Saimonsila-Tek™,
TECRA™_ Assurance™ Deascribed in
Section 37.74)

Although commercially available kits differ in their sensitivily
and specificity, the inherent [imitations of these disgnostic sools
are shndlax
1. These methods are screening tests for the presence of Salts
nella in foods, The antibodies employed may produce falsé”
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pmitwe reactions through cross-reactions with othex Iniero-
sgcteriacene or as a result of nonspacific reactions. Pre-
sumptively positive EIA samples must be confirmed by
streaking homologous enrichment broths on appropriate
plating media and identifying suspect colonies as described
in Section 37.5.
Antibodies used in these diagnostic kits react with salmonel-
Jae in the “common” serclogical {O) groups, eg. B, C, B and
. Thus, a certain percentage of salmonellae reportediy pro-
duce false negative results 9%
3, Commercially available kits contain standardized resgents,
Use of other materials or procedures may yield emronecus
results,
Fositive and negative controls are included in test kits and
must be included with each group of test samples. Controls
must fall within acceptable ranges to validate test results.

37.445 DNA Hybridization (GENE TRAK™, Described
in Saction 37.75)

1. Thismethod is a screening test for the presence of Salmoneila
in foods. Presumptively positive assays must be confirmed
by streaking onto appropriate plating media and suspect
colordes identified as described in Section 37.5.

2. Commercially available kits contain standardized reagernis,
and use of other materials or procedures may yield errone-
ous resulis,

3. Positive and negative controls are included in the test kits
and must be included with each group of samples. Controls
wmust fall within acceptable ranges to validate test results.

4. Reagents that contain sodium azide should be fushed down
sinks with an abundant supply of water. Do not pipette re-
agents by mouth.

]

:Pa.

37.448 Conductance Method

1. This method is 2 screening test for the presence of Salmonella
in foods, Presumptively positive assays must be confixmed
by streaking onto appropriate plating media and suspect
colonies identified as described in Section 37.5.

2. Samples are pre-enriched in buffered peptone watex-lysine-
glucose broth followed by two-tube conduciance assay In
two selenite-based media containing trimethylamine-N-ox-
ide (TMAO) and duleitol (Salmonells Medium 1) and lysine
{Salmonells Medivxm 2).

3. Saimonells spp. typically give large conductance changes in
these two media compared to those for non-salmoneliae,
Competitive microorganisms will occasionally give similar
conductance changes which result in false-positive screen-
mg results. Moreover, some Salmonellz organisms may not
show sufficient changes in conductance, theveby resulting in
false-negative readings.

375 REFERENCE METHOD

This section contains the approved methods of the Bacteriological
Analytical Marnual™ and the AOAC Infernational® for the isclation
and identification of foodborne Salmernells sp. organisms.

Methods of pre-envichment and preparation of sample for each
fnod are lsted in Table 3.

37.57 Pre-enrichment

Aseptically open a sample container, and continue as directed
under appropriale food section below,

i Sagimonelia

37.511 Dried Egg Yolk, Dried Egg Whites, Dried
Whale Eggs, Liquid Milk (Skim Milk, 2% Fat
Miitk, Whole Milk, and Buttermiik), Prepared
Powdered Mixes {Cake, Cookie, Doughnut,
Biscuit, and Bread), Infant Formula, and Oraf
or Tube Feedings Containing Egg

1. Fornon-powdered foods, add 225 ml of sterile lactose broth
o 25~ analytical unit. For powdered foods, gradually add
225 mL of sterile lactose broth in small increments to 25-g
analytical unit. Add a small portion {15 mL) of sterile lasctose
broth and mix with a suitable sterile stirrer to obtain & ho-
mogeneous suspension. Repeat this procedure three times
and then add the remainder of the lactose broth. Stiruntil a
lump-free suspension is obtained.

2. Cap the container securely, and let stand at room tempera-
ture for 60 min.

3. Mixwell by swirling, and determdne the pH with appropri-
ate test paper.

£, Adiust the pH, if necessary, t0 6.8 £ 0.2 with 1 N sodhun
hydroxide or 1 N hydrochloric acid.

5. Loosen the container cap about one-quarter turn, and incu-
bate 24 £ 2 hr at 35°C,

6. Continue as directed under Section 37.52.

37.512 Eggs

37.5123 Contents of shell eggs
1. Wash eggs with stiff brush and drain. Soak in 200 ppm T
solation containing 0.1% sodiuen dodec;, sulfate (SDS} for
30 min. Prepare the 200 ppm CF/0.1% 505 solution by add-
ing 8 mL of cormercial bleach (5.25% sodium hypochlorite}
t0 992 ml of distilled water containing 1 g of SDS. This dis-
infectant should be prepared inunediately before analysis.
2. Crack eggs aseptically and, using a sterile egg separator,
discard the whites.
3. Aseptically weigh 25 g egg yolk into a sterile 500 ml. Exlen-
meyer flask or other appropriate container,
4. Add 225 mL tryticase {ryptic) soy broth {T5B), and mix well
by switling,
5. Continue as directed under Section 37511, 2t0 6.
375122 Liguid whols eggs thomogenised)
1. Aseptically weigh 25 ginto a sterile 500 ml Exlenmeyer flask
or other appropriate container,
2. Add 225 ml of TSB, and mix well by swirling.
3. Continue as directed under Section 37. 511, 20 6.
37.5123 Hard-boiled eggs
1. Aseptically separate the egg yolk from the egy white,
2. Weigh 25 g pulverized egg yolk solid into a sterile 500 mL
Erlenmever flask or other appropriate container,
Add 225 mL of TSB, and mix well by swirling,
4. Continue as directed-under Section 37.511, 2to 6.

[#>]

37.513 Nonfat Dry Milk

37.5331 Instant

1. Aseptically weigh 25-g analytical unit into a sterile beaker
{250 mL} ur other appropriate container.

2. Using a sterile glass or paper funnel {made with tape to with-
stand autoclaving), pour the 25-g analytical unit gently and
slowly over the surface of 225 ml of brilllant green water
contained in & sterile 500 mL Frlenmeyer flask or other ap-
propriate container. Alternatively, 25-g analytical units may
be cornposited and poured over the surface of proportion-
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ately larger volumes of briiliant green water. Prepare bril-
laxt green water by adding 2 mL of 1% brilliant green dye
solution per 1,000 mL of stexile distilled water.
3. Allow container to stand urndisturbed for 6025 min,
4. Incubate loosely capped container, without mixing or pH
adjustment, for 24 £ 2w at 38°C.
5, Continue as directed under Section 37.52.
37.5132 MNon-instant
Fixamine as descrived for instant nonfat dry milk, except that
the 25-g analytical units may not be composited.

37.514 Dry Whole Milk

1. Aseptically weigh 25-g analytical unit into a sterile, wide-
mouth, screw-cap jar {500 mL) or other appropriate con-
tainar.

2. Add 225 L of sterile distilled water, and mix well by stir-
ring.

3. Cap the jar securely, and let stand for 60 min at room tem-
perature.

4. Mixwell by swisling, and determine the pH with test paper.

5. Adjust pH, if necessary, to 6.8 0.2 Cap thejar securely, and
mix well before determining the final pHL

6. Add 045 ml of a 1% aqueous brilliant green dye solution
and mix well.

7. Loosen the jar cap 1/4 turn, and incubate the jar for 24 4
2 b at 35°C.

& Continue as divected undex Section 37.52.

37.815 Casein

1. Aseptically weigh 25-g analytical unitinto sterile blender jar,

3. Add 225 mi. of sterile Jactose broth to 25-g analytical unit,
and blend for 2 min.

3. Aseptically transfer blended homogenate intoa sherile, wide-
mouth, screw-cap jar {500 mL} or other appropriate con-
tainer.

4, Continue as directed under Section 37.511, 2 to &

37.518 Soy Flour

1. Aseptically weigh 25-g analytical unit into 2 sterile beaker
{250 mL) or other appropriate container.

2. Using a sterile glass or paper furmel (made with tapeto with-
stand autoclaving), powr 25-g analytical unit gently and
slowly over the suxface of 225 ml. of lactose broth contained
in a sterile 500 ml. Brlenmeyer flask or other appropriate
container. Analytical units {25 g} may not be composited.

3. Allow container to stand undisturbed for 60 £ 5 min.

4. Incubate loosely capped container, without mixing or pH
adjustment, for 24 £ 2 hr at 353°C.

5. Continue as directed under Section 37.52.

37.517 Egg-Containing Products (Noodies, £gg Rolis,
Macaroni, Spaghetti, Cheese, Doughl;
Prapared Salads (Ham, Egg, Chicken, Tuna,
Turkey); Frash, Frozen, or Dried Fruits and
Vegetablgs; Nut Meats; Crustaceans {Shrimp,
Crab, Crayfish, Langostinas, Lobster); and Fish

1. Preferably, donot thaw frozen foods before analysis. If fro-
zen foods tmust be tempered to obtain an analytical portion,
thaw below 45°C for < 15 min with continuous agitation in

thermostatically-controlled waterbath, or thaw within 18k
at 2-5°C,

3

Aseptically weigh 25-g analytical unit into asterile blending
container,

3. Add 275 mL of sterile lactose broth and blend for 2 min.
Ascptically ransfer blended homogenate into sterile, wide-
mouth, screw-cap jar (500 mi) or other appropriate con-
tainer.

5. Continue as directed under Section 37511, 2 t0 6.

i

37,518 Drisd Yeast

“

1. Aseptically weigh 25-g analytical wnit into a sterile, wide-
mouth, screw-cap jar (500 ml) or other appropriate con-
tainer.

5 Add 225 ml of sterile TSE, and mix well to form a smooth
suspension.

3. Continue as divected under Section 37511, 2t06.

37.518 Spives

375191 Black peppey, white peppe, celery seed or flakes, chill
powder, cumin, paprike, parsiey flakes, rosemary, sesame seed,
thyme, and vegetable flakes

1. Aseptically weigh 25-g analytical unit into a sterile, wide-
mouth, screw-cap jar {500 ml) or other appropriate con-
tainer.

2. Add 225 mL of TSB, and mix well by swisling.

3. Contirme as directed under Section 37.511, 210 6.

375192 Onion flakes, onion powder, garlic flakes, and gaslic
powder

1. Aseptically weigh 25-g analytical unit into a sterile, wide-
raouth, screw-cap jar (500 mL) or other appropriate con-
tainer.

2. Pre-enrichspice in TSB with added K50, (5 g K 50, per 1,000
wL of TSB, resulting in final 0.5% K 80, concentration). Add
K50, to broth before autoclaving 225-ml. volumes in B00-ml
Erlenumeyer flasks at 121°C for 15 ruin. After autoclaving,
asepticaily determine and, if necessary, adjust the final vol
e §0 225 ml, with sterile broth. Add 225 mL of sterile T58
with added X80, o the 25-g analyteal urdt, and mix well,

3. Continue as directed under Section 37.511, 20 &

37.5153 Allspice, cinnamon, cdloves, and oreganc

1. Examine allspice, cinnamon, and oregano at 1100 spice/
broth ratio and cloves at 1:1000 spice/broth ratio, Examine
leafy condiments at a spice/broth ratio thal is greatex thar
phiit

2. Bxamine these spices as directed under Section 37.5151.
37.5184 Candy and candy coating (including chocolate)

1. Aseptically weigh 255 analytical unit into a stexlle blending

container.

3 Add 275 mL of sterile, reconstituted nonfat doy milk, and
blend 2 min,

3. Aseptically transfer homogenized mixture to sterile, wide
mouth, screw-cap jar (500 mL) or other appropriate cof
tainer.

4. Continue as directed under Section 37.511, 2 10 4.
Add 0.45 mL of a 1% agueous brilliant green dye solutioh:
and mix well. ]
Loosen the jar caps 1/4 turn, and incubate 24 £ 2 hrat s
7. Continue as directed under Section 37.52,

37.51958 Coconut

1. Aseptically weigh 25-g analytical unit info a sterile, wide-
mouth, screw-cap jar (500 mL) or other appropriate con
tainer.

o

3 o
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_ Add 225 mL of sterile lactose broth, and shake well.

. Continue as directed under Section 37511, 2 to 4.

. Add up to 2.25 ml of steamed {15 min} Tergitol Anionic 7

{unciiiuted) or Triton X-100 (undiluted), and mix well.

. Loosen the jar caps about 1/4 turn, and incubate 24 + 2 hr at

3B

&, Continue as divected under Section 37.52,

375386 Gelalin

1. Aseptically weigh 23-g analytical unit into sterile, wide-

mouth Erlenmeyer fask (300 ml} or other appropriate coo-
tainer.

2. Prepare a 5.0% papain solution (add 5 g of papain to 95 mL
of sterile distilled water). Add 225 mL of lactose broth and
5 mL of the 5% papain solution to the 253-g analytical unit,
and mix well by swirtling,

Cap the jar securely, and incubate at 35°C for 60 min,

. Continue as directed under Section 37.511, 30 6.

5187 Guar gum

1. Aseptically weigh a 25-g analytical unit into a sterile beaker
{250 mL) or other appropriate container.

2. Prepare a filter-sterilized 1.0% cellulase solution (add 1 g of
cellulase to 99 ml of distilled water), Sterilize by filtration
through a 0.45-um membrane.

3. Add 225 mi, sterile lactose broth and 2.25 sterile 1% cellu-

Iase solution o sterile wide-mouth, screw-cap jar (500 mL}

or other appropriate condainer.

While vigorously stirring the cellulase /lactose broth with a

magnetic stirrer, pour the 25-g analytical unit quickly

through a sterile glass funnel into the cellnlase/lactose broth,

5. Cap far securely, and let stand for 60 min at room iampera-

fure.

6. Incubate the loosely capped container, without pH adjust-

ment, for 24 + 2 hr at 35°C,

7. Coniinue as directed under Section 37.52,

375198 Meats, meat substitules, meat by-products, animal

substances, glandular products, and meals {fish, meat, and

bone)

1. Aseptically weigh 25-g analytical unitinto a sterile blending

container.

2. Add 225 ml of sterile lactose broth and blend for 2 min, and
transfer blended homogenate io sterile Brlenmeyer flask (500
mL} or other appropriate container. For foods that do not
resquire blending (powdered, ground, or comminuted foads),
add 225 ml of sterile lactose broth to a 25-g analytical unit
in a sterile Exlenmeyer flask (500 mL}, and swirl thoroughly.
Condinue as directed under Section 25.511, 2t0 4.

Add up 10 223 mL of steamed (15 min) Tergitol Anionic 7

(undifuted) or Triton X-100 {undiluted), and mix well.

5. Loosen container caps 1/4 turn, and incubate food mixtures
for 241 2w at 35°C.

6. Continue as directed under Section 37.52.

3

alie B ]

>
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37.52 Isolation of Salmonalia

Bghten the Iid and gently shake the incubated sample mixiure.
For foods with a high microbial load, transfer a 0.1-miL portion
of the preenrichment cultures to 10 mL of RY medium and an-
other 1.0 mi to 10 mL of TBG broth. For foods with a low micro-
bial load, transfer replicate 1.0-mL portions to 10 mL of §C broth
and to 10 mi of TRG broth.

For foods with a high microbial load, incubate RV mediam for
2412 hr at 42 £ 0.2°C (waterbath for better temperature condrol)
and TBG broth for 24 + 2 hr at 43 £ 0.2°C {(waterbath). For foods

o

i Salmoneiiz

with a low microbial load, incubate 8C and TBG broths for 2432
hr at 35°C {air incubator).

Vortex enrichment culture tubes and streak 3-mum loops of 5C
culture on BS, HE, and XLD agars.

Repeat plate inoendations with TEG and RV (as appropriate)
enrichnent cultures,

Incubate plates 24 + 2 hr 2t 35°C,

Examine plates for suspect Salmonells colonies.

1. BS agar. Typical Sulmonells colonies occur as black colonies

with or without a metallic sheen, Medinm surrounding Sal-
monglla colonies gradually changes from brown to black
with increased incubation to produce the so-called halo ef-
fect.
HE agar. Salmonellae generally produce blue-green to blue
colonies with or without black centers. Strong H $-produc-
ing shxains may produce colondes with large, glossy black
centers or appear as completely black colonies. Atypical lac-
tose-positive and /or sucrose-positive Salmonells strains and
coliforms produce salmon-colored colondes.

3. XLD ager. Typical salmonellae eccur as pink colonies with
or without black centers. Strong H S-producing strains may
yield colonies with large, glossy black centers or appear as
completely black colonies. Atypical lactose-positive and/ or
sucxose-positive Salmonellz strains and coliforms produce
yellow colonies with or without black certers.

Inoculate two or more suspect colondes from each selective
plating medium into TSI and LIA slants. BS agar plates with no
suspect colonies or with no growth should be Incubated for an
additional 24 hr,

Touch the center of a suspect colony with a sterile inoculating
needle and ineculate a TSI slant by streaking the slant and stab-
bing the butt. Without flaming the needle, inoculate an LIA slant
by stabbing the butt twice and then streaking the slant. Loosen
cap of T8 slant and close firmiy LIA slant.

Incubate T8] and LIA slants at 35°C for 24 £ 2 b, Salmonella in
T8 cultures typically produces alkaline (red) slant and acid (yel-
low) butt, with or without production of H,8 {(blackening of agar).
However, some lactose and / or sucrose-positive saimonellae will
produce atypical reactions; 1.e., acid stant and adid buit, with or
without blackening. In LIA, Salmonells typioally produces an al-
kaline (purple) butt from decarboxylation of lysine. Consider only
a distinct yellow buit as a negative reaction. Do not eliminate
culiures that produce yellow {lysine negative) discoloration of the
butt solely on the strength of this reaction because lysine nega-
tive biotypes have been reported. Most Salmonella cubtures pro-
duce H S in LIA.

Re-examine 48-fu BS agar plates for suspect Salmonelia colo-
ries. Pick two or more of these colonies and continue procedure.

Retain all presumptive-positive TS cultures {alkaline stant and
acid butt) for further biochemical and serclogical testing, whether
corresponding LIA reaction is positive (alkaline butt) or negative
{acid butt), Do not exclude a TSI culture that appears to be non-
Salmonella if the corresponding LIA is typical {(alkaline butt) for
Salmovella. Treat these cultures as presumptive-positive and sub-
it them to further biochemical/serological examination. LIAis
useful for the detection of S, arizonse and atypical straing of Sal-
monella that utilize lactose and/ or sucrose. Discard only cultures
that appear not to be Salmonella on TSI (acid slant and acid butt)
if corresponding LIA reactions ave negative (acid butt) for Sabmo-
nella. Test retained presumed-positive TSI cultures as divected in
Section 37.53 to determine i they are Salmonelln. ¥ original T3
cultures falled to indicate the presence of Sabmonells, inoculate

v
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additional suspect colordes from appropriate selective agar plates
into fresh TS and LIA slants.

Apply biochemical arad serological identification tests to thuee
presumptive TSI cultures recovered from each set of plates
streaked from 8C, TBG, and RV broth cultures. Examine a muirg-
reurn of six T8 cultures for each 25-g analytical unit.

37853 identification of Salmonelia
37.537 Mixed TSI Cultures

Streak TSI culiures that appear to be mixed on MacConkey, HE,
or XLD agar. Incubate plates 24 32 hr at 35°C and examine plates
for the presence of suspect Salmomella colondes.

1. MacConkey agar. Typleal colonies appear transparent and
colotless, sometimes with opaque center. Salmonella will clear
areas of precipitated bile caused by lactose-fermenting mi-
CTOOTZANISINS.

2. HE agar. See Section 37.52,

3. XLD agar. See Section 37.52.

Transfer at least two presumptive Salmonella colonies from the
plates used fo purify mixed T8I cultures to fresh TSI and LIA
slants and proceed as described in Section 37.52.

37.532 Pure TSI Culturss

1. Urease fest (conventional). With a sterile needle, inoculate tubes
of urea broth with growih from each presumptive-positive
T culture and incubate 24 £ 2 hr at 35°C. An uninoculated
negative control should be inchaded because ureabroth can
produce a false-positive reaction (purple red) on standing.
2. Optional urease fest (rapid). Transfer two 3-mm loops of
growth from each presumptive-positive TSI cultwre into 2
tube of rapid urea broth. Incubate for 2 by in a waterbath at
37 £05°C,
Most salmonellae are urease-negative; however, urease-post-
tive cultures have been reported. Retain all urease-negative cul-
tures for further testing,

37.633 Serological Scresning with Polyvalent
Flageliar (N} Antisera or Spicar-Edwards
Antisera

1. Ferform the polyvalent fagellar (3} test at this point to elimi-
- nate false-positive TSI cultures, or later as described in See-
fion 37,535, Inoculate growth from each wrease-negative T8
siant indo 1) brain heart infusion broth and incubate 4 to 6 he
at 35°C until visible growth occurs (o test on same day); or
2} trypticase (fryptic) soy-tryptose broth and incubate 24+ 2
hr at 35°C {to test on following day). Add 2.5 mL formalin-
ized physiological saline soluticm to 5 ml of either broth cul~
ture. Select two formalinized broth cultures from each 25-g
analytical unit and test with Salmenells polyvalent flagellar
(8} antisera. Mix 0.5 mi each of appropriately diluted Sal-
monelia polyvalent flagellar (H} antiserum and formalinized
antigen in 3 10 X 75-mm or 13 » 10-mun serological test tube.
Prepare a saline control by mixing 0.5 mL formalinized physi-
ological saline solution with 0.5 mL formalinived test culture
{autoagghutination). Incubate mixtures in a waterbath at 48
o 50°C, Observe at 15-min intervals for flocculation and
record final vesulis after 1 hr. A positive tube reaction corw
sists of agglutination/flocculation In the test mixture and
absence of agglutination in the control tube. A negative re-
action corresponds to absence of aggluiination inboth fhe test
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and control tubes. A nonspecific autoagglutivation reaction
produces agglutination in both the test and control tubes,
Cultures giving such nonspecific results should be tested with
Spicer-Edwards antisera.

2. The Spicer-Bdwards serological test can be used as ar alter-
native io the polyvalent flagellar (1) screening test. Perform
Spicer-Bdwards flagellar (11} antisera test using Spicer-
Edwards antisera 1, 2, 3, 4, in addition fo the en, L, and
complexes®

3. I both formalinized BHI or trypticase (tryplic) soy-tryptose
broth cubtures are serologically-negative, repeat serological
tests on additional broth cultures to obtain a mintmum of two
sexologically-positive cultures for additional serclogical and
biochemical testing (Sections 37.533 and 37.536). If all T8
cudtures frorm a given sample give negative serological flagel-
lar (H) test results, check them for motility (Section 37.539),

37.8534 Serological Somatic (O} Tests for Saimonelia

{Pre-test all antisera with kinown Selmonells cultures.)

L. Polyvalent somatic (O} test. Using a wax pencl, mark off two
sections about 1 2-cm each on the inside of a glass or plas-
tic pebr dish (15 ¢ 100 mum}. Conunercially available sec-
Honed slides may be used. Transfer 3 loopfd of growth from
a 24-hr TSY agar cultare in the upper portion of both marked
sections. Add 1 loopful of physiological saline solution to the
lower portion of one section {negative control) and 1 drop
of Salmanella polyvalent somatic (O} antiserum to the lower
portion of the remaining (test) section. With a sterile loop or
needle, amulsify the cabture in the saline solution; repeat for
the test section using a sterile loop or needle. Tilt mixtures
back and forth for 1 min and observe against a datk back-
ground in good illumination. Consider any degree of aggly-
Hnation {chunping) 8s a positive reaction. A positive sample
shows agglutination in the test but not in the control section.
A negative sample shows ne agghutination in either the con-
trol or test section. A nonspecific reaction corresponds to
agglutination in both the test and control sections.

Z. Soratic (O} group tests. Test polyvalent (O)-positive culbures
using individual group somatic {O) including Vi antisera.
Cultures giving a positive Vi agglutination reaction should
be examined as described in Section 967.28(B) of the Officid!
Methods of Analysis® Record culturves that agglutinate with
individual somatic (O) antiserum as positive for that group.

37.535 Interprelation of Ssrological Tests

Cultures producing a positive polyvalent flagellar (1) test (Sec-
tion 37.533} or polyvalent somatic (O} test (Section 37.534) should
be further tested with Spicer-Fdwards antisera to determine
flagellar antigens (Section 37.533) and somatic {3} antigens ws-
ing single grouping antisera {Section 37.534}. Biochemically type
using a rapid diagnostic kit {Section 37.132) or by traditional bio-
chemical tests {Section 37.536}.

i a specific somatic group (O) (Section 37.534) and flageller
antigen(s) (Section 37.533) reactions are obtained with one or more
TS cnldiures, the sample is positive; additional biochemical test
ing may be performed but is not reguired.

TSI cultures that produce negative, variable, or nonspecific
serological xeactions should be tested biochemically by a rapid
diagnostic kit (Section 37.132) or traditional methods (Secixcmﬁ
37.536 and 37.537). Subculture isolate in broth and plate onvnof
selective plating medium, and then retest with antisera,
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57536 Biochemical Testing of Cultures

Following is a list of tests for the biochemical screening of Salmo-
welia; kits for the biochemical characterization of Enlerobacleriaceae
may be substituted {Section 37.332).

1. Lysine decarboxylase broth. If the LIA test was satisfactory, it
need not be repeated. Use lysine decarboxylase broth for
definitive determination of lysine decarboxylase activity if
culture gives doubtful LIA reaction. Inoculate broth with a
small amount of growth from presumaptive-positive T8I
slant. Replace cap tightly and incubate 48 + 2 hr at 35°C, but
examine after 24 hr of incubation. Salmonella species produce
an alkaline reaction (purple) throughout the medium. A
niegative test is indicated by yellow color throughout the
medium, ¥ the medium is discolored {neither purple or yel-
iow), add a few drops of 0.2% bromeresol purple dye and
repeat the reading.

2. Phenol ved dulcitol broth or bromcresol purple broth buse with 0.5%
dulcitol. Inoculate the broth with a small amount of growth
from a presumptve-positive TS culture. Replace the cap
inesely and incubate 48 £ 2 hr at 35°C, but examine after 24
hr, Most Salmonells species give a positive test indicated by
gas formation In an inverted fermentation vial and acidity
{yellow) of the medium. Production of acid should be inter-
preted as a positive reaction. A negative test is indicated by
the absence of gas formation and a red {phenol red) or purple
{bromeresol purple) color throughout the medium.

3. Tryptone {or trypiophan) broth. Inoculate broth with small
amount of growth from TSI culture, Incubate 24+ 2 hrat 35°C
and proceed as follows:

a. Potassium cypride (KCN) broth, Transfer S-um loopful of
24-hr tryptophan broth culture to KUN broth. Heat rim
of tube so that a good seal is formed when tube is stop~
pered with wax-coated cork or other material ot suscep-
tible to corrosion. Incubate 48 +2 hr at 35°C, but examine
after 24 hr. Interpret growth {indicated by turbidity) as
positive. Most Selmonells species do not grow in this me-
diumy, as indicated by lack of turbidity.

b. Malonate broth. Transfer a 3-mm loopful of 24-hr tryptone
broth culture to malonate broth. Since occasional
uninoculated tubes of malonate broth tum bhue {posi-
Hive test) on standing, include an unineoulated tube of
this broth as conirol. Incubate 48 12 hr at 35°C, but ex-
amine after 24 hir. Most Salmonelle species give a nega-
tive test {green or unchanged cclor} i this broth, but
many members of subspecies 1 {8, srizonae} ave mal-
onate-positive.

o, Indole test. Transfer 5 mL of 24-br tryptone broth coliure
to a sterile test tube and add 0.2 to 0.3 ml Kovacs” reagent.
Most Salmonella cultures give anegative reaction {no deep
color at the surface of the broth). Record varying shades
of orange and pink as indeterminate.

4. Classify, as “confirmed” Salmonella, those culbures that ex-
hibit typical Salmonella reactions for test nos. 1 to 11, shown
in Table 1, or produce a positive Hagellar () agglulination
test and typical biochemical profile in an acceptable bio-
chemical identification kit {Section 37,132}, If one TSI culture
from a single 25-g analytical urdt ox from a {15 % 25 g} com-
posite is identified as Salmonells, further testing of othex TS
cuttures from the same 25-g analytical unit is unnecessary.
Cultures that contain demonstrable Safmonells, flagellar (H)
antigens but do not have biochemical characteristics of Sal-

i Salmonesila

monelia should be purified (Section 37.531) and retested, be-
ghoning as in Section 37.532.

37.837 Additional Biochemical Tests

1.

Pheval red or bromeresol purple lactose broth. Inoculate the broth
with a small axnount of growth from the T8 agar slant, Ex-
amine after 24 and 48 hr of incubation at 35°C. A positive
reaction consists of acid production (yellow with either phe-
nol red or bromoeresol purple) and gas production in the in-
verted fermentation vial. A negative vreaction consists of a red

{with pherol red} or purple (with bromereso! purple} color

throughout the medium. Most Salmonellz are lactose-nega-

tive.

Phenol red or bromcresol purple sucrose broth. Follow procedure

described in Section 37.537, item 1. Most Salmonells are su-

crose-negative.

MR-VP broth. Inoculate the medium with a small amount of

growth from each suspect TS slant and incubate for 481 2

b at 35°C.

a. Veges Proskauer test. Transfer 1 mk broth cultare to a ster-
ile test tube and ncubate the remainder of the MR-VP cul-
ture for an additional 48 hr at 35°C. Add 0.6 mL alpha-
naphthol and shake well. Add 0.2 ml 4% KOH solation
and shake. To indensify and accelerate the reaction, add a
few crystals of cxeatine; read reactions after 4 hr of incu-
bation at room temaperature. Development of a pink to
ruby red color throughout the meedium corresponds to a
positive test. Most Salmonella cultures are Voges Pros-
kauer-negative,

b. Methyl red test. To B mL or MR-VP broth {36 hr} culture,
add 5 to 6 drops of methyl red indicator. Read resulis im-
mediately. Most Salmonells cultures give a positive test,
as indicated by a diffuse red color in the medium, A dis-
tinct vellow color constitutes a negative test.

Simmons citvate agar. Inoculate the agar with growth from the

TSI slant, using a sterile needle. Inoculate by streaking the

slant and stabbing the butt and incubate for 86 £ 2 hrat 35°C.

A positive reaction consists of visible growth, usually accom-

panied by a color change from green to blue. Most Salmonelia

cultures are citrate-positive, A negative reaction shows little
or no growth with no color change in the medium,

37.538 Identification of Salmonella cultures

Typical Salmenellz cultures produce reactions described in Table

1 or a suitable biochemical profile in diagnostic kits and positive

flagellar (31} agglutination tests. If neither of two TS culturms

carried through these tests confirms the isclates as Salmonells,

perform tesis on remaining TSI cultures from the same 25-g ana-

Iytical unit,

1

Confirm, as Selmonella, cultures producing specific Spicer-
Bdwards flagellar {(H) test {Section 37.533) and somatic group
{0} (Seciion 37.534}) reactions,

Confirm, as Salmonella, a colture identified as presumptive
Salmaneils according to the criteria in Table 1 or with a com-
mercial biochemical kit and positive Salmonella somatic ()
and flagellar (}1) tests (polyvalent or Spicer-Edwards).
Discard cultures classified as non-Salmonells with comaner-
cial biochemical kits using data base-dependent numerical
profiles and that fail to give positive flagellar (H) agglutina-
tion reactions {polyvalent or Spicer-Edwards). Also discard
culiures fhat are negative for both somatic (O} and flagellar
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{H} tests (polyvalent or Spicer-Edwards) and produce atypi-
cal reactions in biocherndeal tests (Table 1)

4. Bend presumptive positive cultares that do not conform fo
1or2to a reference laboratory for definitive serotyping and
identification.

37.538 Treatrment of Cultures Giving Negative
Flageliar (H} Test :

Ifbtochemcal reactions of a flageltar (H)}-negative culture sirongly
suggest that it could be Salmonella, the negative flageliar aggluti-
nation may be the result of nonmotile organisms or insufficient
development of flagellar antiger. Froceed as follows: Incculate
motility test medium held in a petri dish, using a small amount of
growth from the TSI slant. Inoaulate by lightly stabbing the me-
divim once about 16 mum from the edge of the plate. Do not stab to
the bottom of the plate or inocudate any other portion of the plate.
Incubate 24 by at 35°C. If organdsimes have migrated 40 mm or more,
retest as follows: Inoculate a 3-mm loopful of the growth that
migrated farthest into rypticase soy-teypiose broth, Repeat poly-
valent flagellar (H) or Spicer-Edwards {Section 37.533) serclogi-
ca] tests. If cultures are not motile after the first 24 hy, incabate an
additional 24 hr 3t 35°C; if st not motile, ncubate uptoBdaysat
25°C. Classify a culture as nonmotile i the motility tests remain
negative. If a flagellar (Hnegative culture is strongly suspected
as Salmonella on the basis of its biochemical reactions or appear-
ance on plating medium (i.e., BS agar}, the cultare should be sent
to a reference laboratory for serotyping and final identification.

37.6 INTERPRETATION OF DATA—REFERENCE
METHOD

I x> suspect colonies are observed on isolation media (Section
37.52), or if none of the suspect colondes picked from isolation
media produce reactions indicative of Sabnonella in TSI or LIA,
then the sample is negative for Salmeneila.

¥ presumptive-positive cultures are obtained in either TSI or
L4, a minimum of 6 cultures must be subjected to serological and
biochemical confirmation tests, However, if the Sest TS culbare
condivms as Safmonell, then the remaining 5 TS cultires do not
need to be characterized biochemically and serologically. i fewer
than 6 presumptive culiures are obtained, apply confirmation
tests to all presumptive-positive cultures.

Confirm, as Selmonella, presuraptive culiures that meet crite-
ria 1 or 2 in Section 37.538. If one or more presumptive cultures
meet either criterion, the sample is positive for Salmonslla.

Discard, as norc-Salmonella. cultures meeting criterion 3 in Sec-
Hon 37.538. ¥ all presumptive cultures examined meet criferion
3, the sample is negative.

¥ presumptive-positive cultures cannot be classified as “con-
firmed” or “non-Salmoneils,” additional tests should be per-
formed® until the cultures can be definitively identified.

33.7 RAPID SCREENING TESTS
Acceptance of rapid screening methods as yeliable alternatives
to conventional culture methods for detection of Sglmonelia in

foods generally arises from comparative studies that establish the

equivalence of standard culture and rapid test methods.? Because
of the public health, regulatory, and potential legal significance
of Salmonelia in foods, validation of method performance by a
widely accepted protocol is desirable. Numerous rapid methods
have bean proposed for detecon of Selmonellz in foods, empioy-
ing a variety of technologles ranging from relatively simiple rapid

biochemical screening to sophisticated nucleic acid amplification
and defection systems. These technologies are discussed in Chap-
ter 10 of this book. The objective of this chapter is to introduce
those rapid methods that have been validated against a standarg
method using a widely recogrized validation protocol 2%
Warldwide there are numerous method validation schemes in
use. The most widely mcognized and accepted of these schemes
are the 150 and the ADAC collaborative study program. In 1992
the AUAC Research Institute (ACAC-RD) performance tested
validation program was initiated. The AQAC-RI performance
tested program was developed to specifically address the vali-
dation of test kits containing proprietery components. Through
the mid-1980s up to 1997, several rapid methods for Salmonelly
have been evaluated via the AOAC-collaborative study and
AOAC-RI programs. A number of rapid test kits has been evaly.
ated against the IS0 Salmonells method, but these evaluations
have been performed using various validation schemes whick are
accepied in specific countries, but not on an international basis,
Therefore, the methods described below are lirited to those vali-
dated by ACAC collaborative study and ADAC-RI programs,
These two validation schemes differ principally in that the ACAC-
collaborative study program involves several Iaboratories,
whereas the AQAC-RI requires independent laboratory verifica-
tion of selected claims made by the manufacturer of the test kit
Both programs requive that the mamufacturer of the kit supply an
extensive amount of data to verify performance parameters, e, £
sensitivity, specificity, range of application to products; inclusivity
with regard to Safmonells; and exclusivity to competing organ-
isms. The AOAC-RI program also includes verification of the
manufacturer s quality assurance systems for production, shelf
life of the kit, and ruggedness testing of the method across a range
of conditions that might be encountered in routine use. '
Most of the validated rapid methods aze screening tests that
require confirmation, In other cases, the rapid method may beas
sensitive in detection of salmonellae as the cultural method but
does not produce identical resulis; Le., neither method provides
100% detection, but false-negative rates are similar. In compar-
ing data, consider that the basis for detection of Safmenelle by
tapid methods may be different from that for isolation by culture
methods. Positive resulis by culture methods require that theee
cultural conditions be met. First, Sulmonella must grow to the level
necessary o assure that cells are transferred into selective snvich
ments. Second, a sufficient mumber of salmonelise must be
present in at least one of the selective envichment cultures to e
sure that sufficlent Sulmonella cells are streaked onto plates. Third,
the relative proportion of salmonellae to other organisms capable
of growth on the selective/differential isolation media must be
such that at least one isolated colony of Selmonella can be obtained.
Thus, the basis for obtairdng positive results by culture is prima-
rily selectivity, but the importance of pre-envichment for resuscl-
tation of injured cells cannot be minimized. Rapid screening
methods require that a sufficient number of saimonellae/mL be
present to allow detection by DNA hybridization, serological, or
biochemical tests. High numbers of competitors might inhibit
growth of salmonellae to the level necessary for detection by the
rapid methods as well as prevent isolation by standard culture
conditions, However, under certain conditions, suffictent nusv
bers of salmonellae could develop to produce positive results by
the rapid assays but not by the culture procedure because of large
populations of competitive flora {e.g., swarming Profens). Al
though it may be unrealistic to expect 100% agreement between
conventional culiure and rapid assay resulis, the high sensitivity

.
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of standard cultural methods for Selmonella? will generally pro-
vide for a high agreement between rapid and conventional oul-
e methods. Rapid methods that have been evaluated by AOAC
and/or ACAC-RI are discussed briefly, but not in the detail
needed o perform the test. The published method in ADACs
Cfficial Methods of Analysis® and the package insert for the kit
{A0AC-RY) should be consulted for performance of the methods.

32.7%  Fluorescent Antibody Method

Many of the rapid methods proposed for detection of salmonel-
lae are based on immunological reactions. The FA technique was
the first immunological method applied to the detection of sal-
monellae. Thomason et al. ™ reported that the O, Vi and H anti-
gens of & typhi could be stained with finorescent-labeled antibod-
ies and observed by flucrescence micrescopy. With the advent of
antisera of greater sensitivity and specificity, a protocol was de-
veloped for detection of salmonellas in foods.

The method was extensively evaluated and approved by
AQAL in 1975, A historical sumnmary of the development of the
FA procedure has been published."™ The AQAC-approved
method employs a 24-hr pre-enrichunent (for all foods but raw
meat samples, which are placed directly in selective enrichment),
and a 24-hr selective enrichnent followed by a 4-hr post-enrich-
ment.¥ Portions of the post-enrichment are then stained and
examined for fluorescent cells. The presence of flucrescent cells
morphologically typical of salmonellae constitutes a presump-
tive-positive result that must be confirmed by culture methods.
Negative results are generally available one day earlier than with
conventional culture methods. Thomason'® compiled data from
theee studies and indicated a 97.6% agreement between standard
cuitare methods and the FA method, and a false-negative and
false-positive rate of 0,1% and 2,3%, respectively. However, some
laboratories observed much higher false-positive rates, especially
with certain products. ™ It was also established that staining and
reacing of stained slides is both laborious and subjective, requir-
ing ahigh degree of techuical training and experience. A detailed
description of the FA method is not presented in this edition of
the Compendium of Methods for the Microbiclogical Examination aof
Foods but appears in the second edition” and in the 16th edition
of Officiel Methods of Analysis?

372.72 Hydrophobic Grid Membrans Filtration®

The method uses a membrane flter impregnated with hydropho-
bic material in a grid pattern of 1,600 compartments. The hydro-
phabic material acts as a barrier, preventing the spread of “growth
wnits” between adjacent compariments. An appropriate dilution
of an enwiched sample is passed through a HGMF filter and placed
on a plate of appropriate agar medium. Following incabation,
growih units are isclated within the grid.

HGME has found application in the qualitative analysis of
foods for Salmonelia, Eniis et al.* reported the use of an HOME
method for the detection of Salmonella in foods, and this method
was subsequently subjected to an AOAC colleborative study. In
the AOAC method? originally approved for the analysis of six
foods (nonfat dry milk, powdered eggs, cheese powders, peppey,
chooolate, and raw poultry), the test sample was incubated in the
appropriate pre-enrichment medivm for 180 2 hr at 35° C. A
0.1-mL volume of the pre-enriched test sample was subctitured
in 10 ml of TBG broth. After 6 to § hr of incubation, a 1-mL por-
tion of diluted {raw poultry) or undilited (the other five foods)
selective TBG envichment was filteved fhrough the HGME Slter,

Salmonelia

The filters were then placed on selective agar plates. Following
incubation of the selective lysine agar {SLA} (43°C) and the HE
(35°C} agar plates for 24 hy, the filters were examined for suspect
Salmonella growth units. If present, these growth units were con-
firmed by the conventional ADAC culture method.S Since the
original collaborative study of the HGMFE method, the method
has been modified, and SLA and HE plates have been replaced
by a single EP-18 agar plate. This methed is now approved for
all foods,

Use of the HGME method has one linsitation. The use of 2
single selective envichment and a single selective plating agarmay
preclude the detection of sirains that are more readily recovered
by other selective enrichment broths and/ or selective agars.

37.73  Immunodiffusion™®

Detection of Salmonells in the self-contained and disposable Sai-
monella 1-2 TEST umit (BioCorstrol Systems, Inc., Bellevue, Washe
ington} is based on the formation of an opaque zone or band when
Salmenella bacteria are immobilized by polyvalent H {(flagellar)
antbodies in & semi-solid motility medium. The clear, plastic
device consists of two interconniected chambers: a motility cham-
ber containing L-serine and a peptone-based, nonselective mo-
tility medium and an inoculation chamber containing L-serine
and TBG broth.

Most food samples are pre-enriched for 24 £ 2 hr at 35°C as
described in the culture reference method, The pre-enrichment
culture s then seeded into the invculation chamber of the 1-2 THST
system. Raw meats and other highly contaminated products are
pre-enwiched for 24 £ 2 he at 35°C and then enviched in TBG broth
and incubated 6-8 hours at 42 + §.5°C. %% Brgichment cultures
of raw meats and other highly contarsinated products are then
added o an empty incculation chamber of the 1-2 TEST system.?
FPreparation of the -2 unit involves three steps. First, the TBG
broth in the inoculation chamber is activated by the addition of
one drop of indine-iodide solution. Then one drop of a Salmonells
antibody solation is added to the motility chamber.

Following removal of the chamber plug that seals the open-
ing between the motility chamber and the inoculation chamber,
a 0.1-mL portion of pre-enrichment {processed food) culture is
added to the inoculation chamber. For raw meat and other highly
contaminated products, 1.5 mL of the separately incoulated TBG
brothis added to a previously emptied inoculation chamber. The
1-2 unit is incubated for a minimum 14 by at 35°C. Motile Salmo-
nells orgenisms, if present, migrate from the inoculation cham-
ber into the motility chamber, A visible band of precipitation oo
curs where motile Salmenells and diffusing antibody interfece.
Such presumptive-positive reactions are then confirmed by
streaking a loopful of TBG broth from the inoculation chamber
onto selective plating media as described by the method # Inolates
are then confirmed using the reference method.

In addition to yielding presumptive-positive results for pro-
cessed foods and raw meat sarples one day earlier than with the
conventional culture method, the Salmoneallz 1-2 TEST offers other
advantages. It is easy to use, requires no specialized trairing or
sophisticated equipment, and is readily adaptable for use in labo-
tatories that handle small or Jarge numbers of test samples.

Because the detection of Salmonells by the 1-2 TEST is based
on immobilization, nonmotile serovars such as 8. gellingrum and
3. pullorum and other varianis wili not be detected,

In 1986, DeSmedi ot al® developed a motility enrichiment teche
nigue based on the use of a semi-sclid selective medium, The
analytical procedure consisted of pre-enrichment for 20 hours,
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followed by motility envichment in MSRY medium for 24 hr and
serological tests on the migrated cultures. Since then, the method
has undergone collaborative evaluation by comparing the method
to the method of the International Office of Cocoa, Chocolate and
Sugar Confectionery (J0CC) for detecting Salmonella in cocoa and
chocolate products.® The rapid imonunediffusion method was at
least as sensitive as the IOCC method, and, in some cases, pro~
vided superior defection of lactose-fermenting Salmonella. This
method was subsequently compared to the AQAC reference
method in a collaborative study. The method was approved by
AQAT In 1992 for detection of Salmoneliz in cocon and chocolate

37.74 Enzyme immunoassays®Ss5osassess

Several ElAs have been proposed for detection of salmonellas in
fonds.™¥ Several methods have been evaluated collaboratively
and approved by ADAC #Rsss

The first EIA method approved by AQAC was the BioEnza-
Bead™ method (Crgaron Teknika, Ducham, Ni C, formerly Litton
Bionetics). Comparative studies on the productivity of this
method based on the reaction of two antibodies, MOPC 467 and
6114, with Salmenelle antigens were conducted by I¥Aoust and
Sewell ®Eckmer et al.” Flowers et al, & and Todd et al. 92 The
ElA methed evaluated by Bckner etal® employed a 24 £ 2-he pre-
enrichment, an 18-hr selective enrichment, and a 6-fr M-broth
(35° C) post-enrichment. .

Flowers et al® reported on a collaborative study comparing
the BicEnzaBead to the ACAC culture method, Twenty-five labo-
Tatories participated in the study, with each laboratory analyz-
ing 12 samnples of each of six food types. No significart difference
appeared in the productivity of E1A and the culture procedure at
the 5% probability level for any of the foods. Based on the results
of this collaborative study™ and an earier comparative study™
the BioEnzaliead EIA method was approved by AOAC* The ap-
proved method employed pre-enrichment in nonselective me-
dium for 24 22 hr at 35°C, selective enrichment in TBG/5C 2t 35°C
for 18 to 24 b, post-enrichment in M-broth for 6 hr (35°C), and a
centrifugation /heating step prior to performing the BIA proce-
dure. Subsequent work indicated that the incubation peried for
selective enrichment could be reduced and the centrifugation step
sliminated with low-moisture foods.” A collaborative study was
performed to compare the efficiency of the modified Salmonella
method with the AOAC culture method.® The modified method
required 18 to 24-hr pre-entichment, & t 8-hr selective enrich
ment, at 35°C, and 14 to 18-hr post-envichment at 35°C, and heat-
ing prior to EIA. The minimum time to complete the modified
method was 40 hy, compared with 48 hr for the longer EIA methad
and 36 hr for the ACAC culture method. Based on the results of
the collaborative study, which indicated no sigrificant difference
(P > 0,05} in detection of Salmonellz by the modified EIA and the
ADAC culture method, the modified BioBnzaBead™method was
approved for low-moisture foods by AQACS

The BioBrraBead immunoassay originally used plasticcoated
ferrous meta) beads as the solid support phase. Moncclonal anti-
bodies specific for Seimonella antigens were adsorbed onto the
surface of the coated beads. The assay was initiated by dropping

i antibody-coated metal bead into 2 microtiter dish well COT-
taining a heated extract of the food sample. Washing and subse-
Guent steps in the assay were performed by mwoving the metal
beads between plates containing wash solutions, conjugate, or
substrate, using a magnetic transfer device, If Salmonella antigens
Were present in the sample, the conjugate would bind to the Sal-
monella antigens already attached to the antibody-coated bead.

374

The beads were washed to remove any unbound conjugate and
then placed in a substrate solution. Appearance of color indicated
the presence of Selmoviella antigen in the sample.

In 1988, this immuncassay was modified in favor of an anti-
body-coated microelisa 12-well strip-plate developed by Orga-
non Teknika. This format (Salmonells-Tek™) offers several advan-
tages over the bead assay, including the need for only one, rathey
than the eight, microtiter plates required by the bead assay and
the use of a more sensitive substrate. Small nurmbers of samples
can be tested by removing only the required number of strip wells,
In addition, more antibody molecules are bound fo the well sur-
faces of the stip-plate, providing for greater method sensitivity.

The Salmonella-Tek™ steip-plate assay was compared with the
BioEnzaBead method using both inoculated and natuxally con-
taminated samples.” This study demonstrated equivalent resulis
by the BioEnzaBead assay and the Sabmonells-Tek plate assay
when comnpared to those obfained by the culture method. The Sal.
moneila-Tek assay was more sensitive than the BioBnzaBead as-
say; L.e., it was capable of detecting lower levels of Salmonellz in
the post-envichment cultures. Thus, the Salmonelle-Tek 2353y can
reliably replace the BioEnzaBead assay for detecting Salmoneliy
in foods when the same envichment protocol is employed. Con-
sequently, it was recommended to AGAC that the Salmonella-Tek
assay method replace the BioEnzaBead method and that the
BiobnzaBead method be discontinued. Both assays employ the
same bwo Selmonella-specific antibodies and fhus should offer
stoilar degrees of specificity. After boiling, portions of the cooled
M-broth cultures are dispensed into the wells of the miccelisa
strips and incubated with agitation to allow capiure of Salmonelia
antigens. The wells are then washed, and peroxidase-labeled
conjugate binds to the captured Salmonells antigen (if present) o
form an antibody-antigen antibody-peroxidase coxaplex. Un-
bound conjugate is removed from the wells by washing, and
enzyme substrate is added. If a blue color develops, the sample
is presumptive-positive for Selmonelle. The reaction is stopped
with an acid solution that tuxms the blue color to an intense yel-
low. The plates are read on an BIA reader; all presumptive-posi-
tives must be-confirmed culturally.

Four other EIA technigues which include envichment proke-
cols similar to Salmonelfo-Tek have undergone comparative and
coliaborative studies.

The TECRA™ EfA method (Bioenterprises Pty Ltd., Roseville,
NSW, Australia), in contrast to Salmonelle-Tek, ulilizes polyclo-
nal, zather than monoclonal, antibodies. The assay is performed
in microtiter plates or strip wells and can be read visually or spec-
trophotometrically.

The TECRA method is simple to perform, with no requirernent
for sophisticated instrumentation. Wash steps can be performed
manually, and assay results can be rcadily obtained visually,
thexeby sliminating the need for an ETA spectrophotometer, Based
on the results of the collaborative™ and comparative studies,® the
TECRA method was approved by AQAC.S

The Q-TROL Sabmonella assay (Dynatech Laboratories, Inc,
Chantiily, VA} utilizes monoclonal antibodies and a fuorogenic
reagent. An AQAC collaborative study of the Q-TROL™ rethod
based on 1,700 food samples, was performed in 1988 Based on
the resulis of this study, the method was approved by AQACS
Subsequently, a colorimetric enzyme assay, using the substrate

phenolphthalein monophosphate and the enzyme alkaline phos-

phatase, was developed and compared with the fluorogenic 25°
say. The resulis indicated that the colorimetric assay was at least
as sensitive as the previously approved fluorogenic assay®
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The VIDAS SLM method for detection of Salmonelly is an au-
tomated qualitative enzyme-linked fuorescent immunoassay.
The VIDAS SLM method, including culture exichmend steps and
asBAY; requires 48 hr for completion. The errichment sequence is
simular to other FIA methods discussed above, buthas the advan-
tage that the fluorogenic assay s fully automated. The VIDAS
510 has vndergone comparative and collaborative studies and
was approved by ADAC in 19877

The LOCATE EIA method for Salmonelie (Rhone-Poulene Di-
agnosﬁcss, Lid.) received AQAC approval in 1998.° This is 3 xnicro-
plate assay stmilar to the Salmonelle-Tek and TECRA assays, -
corporating similar enrichment steps.

The extensive evaluations of the ELA methods clearly indicate
shat this technology is an attracive altermnative to conventional
culture methods for detection of saimonellae in foods. This ana-
fytical approach provides detection of salmonellae one day ear-
ﬁer than by conventional culture methods, with low numbers of
both false-negative and false-positive resulis for most processed
products, although relatively high false-positive rates have been
reported for some raw products 52 Advaniages of the method
include auiomation and a specific end-point that conirasts with
the subjective inferpretation assoctated with culture methods.

37.75 DNA Hybridization

Genetic relatedness among related bacteria can be measured by
the DNA hybridization (BINAH) technique that probes for unique
aucleotide sequences in target organisws, The performance of a
2R DNA hybridization assay for Salmonelis in foods (GENE TRAK
Systems, Hopkington, Mass.) was compared to the AOAC cul-
ture method.® The results showed that the sensitivity of the
DNAH method comparaed favorably with the culture method
under all test conditions and, in some cases, DNAH appeared to
provide superior detection.

A collaborative study compared the sensgitivity of the ®P DNA
procedure to the standard culture method for detection of Salmo-
nelly in six ariificially contaminated foods: ground pepper, soy
flowr, dry whole egg, mitk chocolate, nonfat dry milk, and raw
deboned turkey® The results of this collaborative study® and eas-
ler comparative studies™ led to an AQAC approval of the DNAH
method for the rapid detection of salmonellae in foods.® The iso-
topic DINAH method includes pre-envichment (18 fo 24 brj, 6-hr
selective envichment in TBG/SC, and a 12- to 16-hr post-enrich-
ment iy GN broth for processed foods and 18-hr enrichment in
TBG/SC + é-hr GN broth for raw meats. After inorulation of the
post-enrichment GN broth with 1.0 mL of enrichment {TBG/8C)
culture, both TBG/SC enrichiments are reincubated for confirma-
tion for up o 8 total of 24 £ 2 he A portion of the GN enxichment
culiure is then fltered, and the DNAH assay performed on the
filters,

Positive reactions are reported when counts for the test filter
are >300 cpm above the average of three negative control filters.
The assay itself requires about 4 by to pexform, and the culture
steps require a minimum of 42 br. Thus, the total time required
for the DINAH method is 46 he. The DNAH assay is 2 screening
method, and positive results are confirmed by culture methods.
Both post-ereichment and reincubated seleptive enrichment cul-
tures are streaked to selective agar media for confirmation of
positive DNAH assays.

Subsequent to approval of the isotopic DNAH method, a non-
isotopic, colorimetric DNAH method was developed 2 The colo-
timetric assay employed DNA probes different from those used

i Salmonella

in the isotopic method. The target for the colorimetric assay
probes is ribosomal RNA; fe, the assay is based on hybridiza-
tion of the DINA probes to target rRNA. The assay, which is car-
ried put in an aqueous environment, involves hybridization be-
tween RNA and Salmonelle-specific oligonucleotide probes,
capture of IRNA {arget:DNA probe hybrids onto a solid support,
and a colorimetric end-point detection. Following pre-envich-
ment, selective enrichment, and post-enrichment of test samples
as described above for the DNAH assay, bacteria are lysed and
Salmpneilp-specific fuorescent-fabeled detection and polydeoxy-
adenylic (poly dA) capture probes are added. The mixture fs then
incubated to allow hybridization of both probes o target rRNA,
i present. A polydeoxyBymidylic (poly dT-couted plastic dip-
stick solid phase is then introduced into the hybridization solu-
tion., Base pairing between the poly dA tail seguence of the cap-
ture probe and the poly dT on the dipstick facilitates capture of
the DNA probe:rENA target hybrids onto the dipstick. Unbound
labeled probe is removed by washing the dipstick, followed by
incubation in a solution containing anti-fluorescent antibody
corjugated {o horseradish peroxidase (HRP). The peroxidase
conjugate binds to the flucrescent label on the hybridized detec-
tor probe. Unbound conjugate is washed away, and the dipstick
is incubated in 8 substrate-chromogen solution. Reaction of HEP
with substrate-chromogen results in development of a blue color,
The enzymesubstrate reaction is stopped by addition of acid with
a concomitant change in color from blue to yellow. Absorbance
at 450 num in excess of threshold value indicates the presurptive
presence of Salmonells in the test samples.

The colorimetric DNAH assay can be completed in 2.5 by fol-
lowing approximately 44 hr of culiure enrichunents. Chan et al™
conpared the productivity of the colorimetric DNAH (CDNAK)
woethod with the AOAC culture method,” and an AQAC collabo-
wative study was performed in 11 laboratories to validate the
<DNAH method #No significant difference appeared in the abil-
ity of the methods to detect salmaonellae in any of the six artifi-
cially-contaminated foods examined in the latter study.

37.78 Conductivity

The principle of conductance microbiology is that microorgan-
isms growing in a broih culture increase the conductance of the
medium as they metabolize neutral components fo charged me-
tabolites. This change in conductance can be measured by intro-
ducing platinum electrodes and applying a low-frequency volt-
age. Scarming the conductance at regular intervals generates a
cuxve that is analogous to a growth curve, Change in conductance
may arise from the metabolism of general components {e.g., pep-
tones} or specific components (TMAQ or lysine). TMAG is anen-
fral, uncharged molecule which, when reduced to trimethybmine
{IMA), produces a large change in conductance™; decarboxyla-
tion of lysine produces the same result,

In a collaborative study, Gibson®™ showed no significant dif-
ference between the ACAC/BAME and the conductance
method (Malkthus Instruments Lid., The Manor, Manor Royal,
Crawley, West Sussex, United Kingdom) for the detection of Sgl-
monella in & food types by 17 participating laboratories,

37.8 AQAC-RI PERFORMANCE TESTED METHODS

Ten test kit methods for rapid detection of Salmonellaspp. in foods
have certified as Performance Tested (Table 4). Prior to 1998,
AOCAC-RI did not require that the data upon which the certifica-
tion was based be published. Therefore, the validation data for the
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Table 4. AQAC-R! “Performance Tested Methods” for Detection of Saimonsiia

in Foods and Related Products

Test kit Mansfacturey Matrixes

Path-Stik Lumac B.V: food

Reveal Neogen food

Bioline ELISA Bioline food, feed

Salmonelia Screen/ Vicam L.P foed, feed,

Salmonella Verify stainless steel, concrete
Oxeoid Rapid Test Oxoid Lid, food, feed,

for Salmonella envivonmental samples
Salmonella DLP GENEB-TRAX food, fead,

Asgsay Systems Corp. environmental samples
Dynabeads Dynal 8.A. food, feed
andi-Salmomells } it

BIND Sglmonella JOEXX Laboratories, Inc. food, feed

Rapid Assay Kit

Bax for Screening Chaalicon mulk, chicken,
Salmonella turkey, beef, and pork
TECEA Unique TECRA Diagnostics food and

Salmonella

environmental samples

Qualicon, a DuPont sub-
sidiary {Wilmington, DR,
19880-0357) has developed a
one-day Salmonelia detection
method, “BAX for Screening
Salmonella,” based on poly.
merase chain reaction (PCR)
amplification of Salmonells.
specific nucleic acid, After
pre-emrichment (20 hed and 5
ghort (3 hr) secondary enxich.
mend step, cells are lysed and
added to PCR tubes which
contain the reagents required
to perform the amplification,
Salmeneliz-specific PCR gene
product is detected using a
gel electrophoresis proce-
dure. The BAX Salmonells
method requires approxi-
mately 28 hr inchuding en-
richment, araplification, and

approval of methods listed {Table 4} are not readily available in
the scientific literature. Information on the methods and their per-
formance should be requested divectly from the marnafacturers,

A brief discussion of each method is provided below, along
with the manufaciurer’s address.

37.8% Immunologics! Tests

Several of the “Ferformance Tested” methods are immunologi-
cally based. The Salmonella Screen/Salmonells Verify method
(Vicam L.P, Watertown, MA, 0217) and the Dynabeads anti-Sal-
momella Kit (Dynal, Inc, Lake Success, NY, 11042) employ mag-
netic andi-Sabmonells labeled beads o capture salmoneliae from
enrichinent broths. The captured Salmonelle are then plated di-
rectly ondo selective/differential agar media for isolation and
identification. The Vicam Sulmonella Verify Method includes a step
where colonies developing from the beads can be quickly
screened by a latex agglutination technique to determine if they
ave presumptive Salmonella spp.

The TECRA Unique Salmonells screening test (TECRA Diag-
nostics, Roseville, NSW 2069, Australia) is a 22-hr dipstick test,
which inchudes a 16-hr pre-enrichment step followed by: capture,
wash, replication (4-5 by at 35-37°C), conjugate binding, wash,
and ‘eolor development steps within a disposable device com-
posed of a series of tubes containing the appropriate reagents. The
Bioline ELISA (Bicline, DK-7100 Vejte, Drenmark} is a 36-hy
ricrotiter strip assay. The Reveal dipstick method (Neogen Corp.,
Lansing, MI, 48912) and Path-5tik methods {Celsis-Lumac Ltd.,
Cambridge Science Park, Cambridge CB4 48X, UK) are other im-
munological dipstick methods that have received ACAC-Rl ap-
proval for food testing. These methods include preenvichment
and selective enxichment steps followed by the dipstick assay.

F7.82  DNA Probe Asssys

GENE-TRAK Systers (Hopkinton, MA) has received “Petfor-
mance Tested” cestification for the dipstick assay modification of
their AAC-OMA method, -

assay steps.

37.83 Other Methods

The Oxoid Selmonella Rapid Test {(Unipath, Nepean, Ontario,
K2E 7K3 Canada) Is a biochemical screening method. Samyples are
pre-enviched {18-24 hx) in appropriate media and then aliquobs
transferred to a disposable culhure vessel consaining an slective
medium and two {ubes. Bach tube contains a sslective medium
in the lower portion of the tube, axd an indicator medium in the
upper portion separated by a porous partition. Sulmonelie grow
in the elective enrichment and migrate into the tubes through the
lower selective media to the upper indicator media where their
presence s indicated by a color change. After a 280w incubation
of the enrichment/ screening system, tubes ave examined for the
possible presence of Salmonella. Tubes producing positive results
are screened using the Cniold Selmornella Latex Test, and positive
reactors reported as presumptively containing Salmonslia.

The BIND (vacterial ice nucleation detection) Salmonells assay
{Idexx Laboratories, Westbrook, ME, 0409 is a two-day Salmo-
nell screening xaethod which includes presnrichment followed
by a simple assay system based on bacteriophage infection of
Salmenella resulting in expression of ice nucleation proteins that
lead 1o dce arystal formation which can be detected with a colori-
metric assay.
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Exhibit O

UNITED STATES DEPARTMENT OF AGRICULTURE

FOOD SAFETY AN INSPECTION SERVICE
WASHINGTON, BC

FSIS DIRECTIVE 100101, | 31104

Revision 1

MICROBIOLOGICAL TESTING PROGRAM AND OTHER VERIFICATION ACTIVITIES
FOR Escherichia coli Q157:H7 IN RAW GROUND BEEF PRODUCTS AND RAW
GROUND BEEF COMPONENTS AND BEEF PATTY COMPONENTS

NOTE: FSIS PESONNEL ARE NOT TO IMPLEMENT THIS DIRECTIVE UNTIL
MAY 17, 2004

Part - General
i. PURPOSE

This directive provides Food Safety and Inspection Service (FSIS) inspection
program personnel, program investigators, and import inspection personne! instructions
for sampling raw beef products as part of verification testing for Escherichia coli
OAS7:HT7 (E. coli 0157 HT) to ensure the protection of public health. It also outlines
actions FSIS will take when a raw ground beef product sample, raw ground beef
component sample, or raw beef patty component sample is found to be positive for £,
cofi O157:H7, Attachment 1 provides questions and answers for further clarification.

i. CANCELLATION

FSIS Directive 10,0101, dated 2/1/98
FSI8 Notice 11-03, dated 4/18/03
FSIS Notice 47-02, dated 11/20/02

lll. REASONS FOR REISSUANCE

- This directive has been rewritten in its entirety o be consistent with the Agency's
current policies regarding £. coli O157:H7. No establishment that produces raw ground
beef products, raw ground beef components, or raw beef patty components will be
exempt from FSIS sampling and testing for E. coff O157:H7. This directive provides
new instructions: 1) for the policy that non-intact raw beef products contaminated with
£. coli O1587:H7 are adulterated; 2) for follow-up actions taken after an initial FSIS
sample tests positive; and 3} for verifying the control of beef products that are
presumptive positive or positive for £, colf O157:H7,

DISTRIBUTION: Inspection Offices; T/A Inspectors; OPL: OPFD
Plant Mgt; T/A Plast Mgt; TRA; ABB; TSC;Xmport Offices
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V. REFERENCES

Federal Meat Inspection Act

9 CFR 318.2, 325.10, 416, 417, and 500

F 8IS Directives 5000.1, Revision 1, 5000.2, and 8080.1, Revision 3

Federal Register Notices: Policy on Beef Products Contaminated with £. cofi
O157:H7 (64 FR 2803, 1/18/89); Recent Developments Regarding Beef Products
Contaminated with Escherichia coli 0157:H7; Public Mesting (65 FR 6881, 2/11/00);
Availability of and Request for Comment on FSIS Draft Risk Assessment for
Escherichia coli Q187:H7 in Ground Beef (86 FR 55912, 11/05/01); and E. cofi O157:H7
Contamination of Beef Products (67 FR 62325, 10/7/02). R

V. BACKGROUND

_ Non-intact raw beef products contaminated with £. coli 0157:H7 are adulterated.
Non-intact beef products include ground beef, beef that has been injected with
solutions; beef that has been mechanically tenderized by needling, cubing, Frenching,
or pounding devices, and beef that has been reconstructed into formed entrees. Intact
raw beef products contaminated with £ colf O157:H7 that are intended to be processed
inte non-intact products are also adulterated. Establishment records and HACCP
documents {e.g., the flow char and hazard analysis) should identify the intended use of
intact raw beef products, Manufacturing trimmings {e.g., pieces of meat remaining after
steaks, roasts, and other intact cuts are removed} are an example of intact raw beef
product that may be intended o be used for non-intact product. Raw beef products
contaminated with £, colf O157:H7 may, however, be further processed at official
establishments to destroy the pathogen.

On Qetober 7, 2002, FSIS published a notice requiring establishments that had
not already reassessed their Hazard Analysis and Critical Control Point (HACCP) plans
for raw beef products in light of relevant E. coli 0157:H7 data to do so to determine
whether £. coli G157:H7 contamination was reasonably likely to occur in their
production process for raw beef products (67 FR 62329). In that notice, FSIS advised
that it intended to scrutinize very closely the hazard analyses and HACCP pilans of
those slaughter or deboning establishments that had conducted a reassessmentand
decided that an intervention was not necessary. Also in that notice, FSIS stated that
establishments receiving product for grinding should address £. cofi O157:H7. FSIS
explained that these establishments could employ validated Critical Control Points
{CCPs} in their HACCP plans to address &, colf O157:H7, or the establishments could
incorporate purchase specifications in their HACCP plans, Sanifation Standard
Operating Procedures {Sanitation SOPs), or other prerequisite programs to prevent £,
cofi 0157 :H7-contaminated product from entering their establishments. ’

. This. directive focuses on raw ground beef products and the beef products that
are used to produce raw ground beef products. These products will be the focus of
FSIS’ verification sampling program for E. coli O167:H7. Products that FSIS may
sample are listed in Paris Il and V1.
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This directive discusses the significance of a finding that a sample is
“presumptive positive.” A sample is presumptive positive when analytical steps of
microbiological analysis indicate the strong possibility that £. coli O157:H7 is present,
but additional steps are needed to confirm the presence or absence of the organism.

A sample is confirmed to contain the bacterial isolate of E. colf O157:H7 through
testing by either FSIS or non-FSIS laboratories when biochemical, serological, or
genetic testing results in a finding of E. coff Serotype 0157:H7, O157:H7:NM
{(nonmotile), or 0157 H7-indeterminate.

FSIS recognizes that many establishments test their raw ground beef products, .
raw ground beef components, and raw beef palty components for E. coli O157:H7. The
Agency applauds and encourages this practice. FSIS points out, however, that if an
establishment finds a sample of one of these products to be presumptive positive for £,
cofi O157:H7, that product would only be allowed o move off site under appropriate
controls for proper disposition at official establishments, landfill operations, or renderers.
if the establishment’s confirmation festing finds the sample negative for the pathogen,
that product may be shipped in commerce under normal procedures. Product that is
confirmed positive for E. coli 0157:H7, through FSIS or establishiment testing, may also -
be moved off site under appropriate controls for proper disposition. H product is
confirmed positive, or is presumptive positive and no additional testing confirmed the
product negative, such product destined for an official establishment for further
processing that will destroy the pathogen would have to move under company control
(e.g., through company seals} or under FSIS control (e.g., under USDA seal or

-accompanied by FSIS Form 7350-1). Such product destined for a landfill operation or
renderer would have to move under company centrol.

According to 8 CFR 325.10, if product is found to be adulterated or misbranded
after it has been transported from an official establishment, transportation back fo the
establishment that originally produced the product or to another official establishment -
must be autherized. According fo @ CFR 318.2(d), inspection program personnel must
place a U.S. retained tag at the time of reinspection on all products suspecied of being
adulterated. FSIS will allow product that is positive or presumptive positive for £. coli
0O157:H7 to move under company control (e.g., through company seais) or under FSIS
control {e.g., under USDA seal or accompanied by FSIS Form 7350-1), rather than as
required in 8 CFR 325,10 and 318.2(d) to facilitate proper disposition of product that
may be adulterated with E. coli 0157:H7. FSIS intends to modify these regulations to
reflect this policy. ,
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5. If a sample must be held overnight, it must be refrigerated. If a sample must
be held longer than overnight, it must be frozen. j

6. After the establishment completes the pre-shipment review, inspection
program personnel should prepare the sample to be sent to the laboratory on the first
available Federal Express pick-up.

Part Il — Supplier Information

A. What actions does FSIS take when there is an FSIS presumptive E. cofi
0157:H7 positive for a raw ground beef product sample?

1. Every FSIS verification sample that is eventually confirmed positive by FSIS
for £. cali O157:H7 goes through three stages of analysis. The results of each stage
are reported to lIC's on LEARN, These samples are initially screened and, as
appropriate, are reported as “Potential Positives.” At the next stage, based on
laboratory resuils, some samples are reported as “Presumptive Positives.” Because
most “Presumptive Positives” are eventually confirmed, the contact person in the District
where the establishment is located needs to immediately inform the establishment that
the sample is a “Presumptive Positive.” At the same time, the District contact person
also informs the establishment management that if the results are confirmed positive,
318 will coliect the following information regarding the suppliers of the source materials
used in the production of the product (8 CFR 320.1):

a. name of the supplying establishment, point of contact {(name, title, e-mail
address, and fax number), and phone number of supplying establishment;

b. supplier Iot‘ number: and

¢. production date, name of supplied material, and any additional information to
clearly identify the material used to the management of the supplying establishment.

2. If the source materials are from a foreign establishment, the District contact |
person should inform the establishment that FSI8 will also collect the following
information, should the product be confirmed positive for E. coff O157-H7:

a. country of origin;

b. foreign establishment number;

¢. shipping mark;

d. l-house; and
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e. barcoding or any other information that identifies the origin 6fthe product.

3. The District contact person advises the establishment that it should begin to |
gather the information above, along with distribution information,

B. What information does FSIS collect when a raw ground beef product
sample collected by FSIS for verification testing at an official establishment is
confirmed positive for E. coli Q157:H7, and whom does FSIS notify concermning
the positive?

1. When a sample is confirmed positive, inspection program perscrne! collect
from the establishment the information in Part HllL A, Inspection program personnel
make note of any information that the establishment is unable to provide.

2. Inspection program personnel forward the information by e-mail to the
designated DO contadt, with a “c¢” {o the front-line supervisor.

3. The DO will access the System Tracking £. cofi 0157 :H7 ~ Positive Suppliers
(STEPS), open a case file for the incident, and follow STEPS procedures.

4. STEPS automatically e-mails the DO that has jurisdiction over the supplying
establishment. The DO notifies the HIC at the supplying establishment to perforrn a
HACCP 02 and other activities described in Part V1

5. The DO notifies all of the supplying establishments in the District, by
telephone, of the posifive finding and provides the suppliers the production date for the
produet that the supplier provided to the grinder, the lot number of the supplied product,
and other information that would be useful to the supplier to help identify the £. coli
O157:H7 positive lol. The DO documents the date and time of this oral notification in
the STEPS system.

8. After all necessary information on the supplying establishment has been
entered into the STEPS system, the DO reviews the information in the STEPS system_ -
and sends an e-mail notification to the supplier about the E, cofi Q157 H7 posttive ’
product.

7. The supplier information is maintained within the STEPS system and is
maintained on FSIS' network. Users must be given access to this site.

NQTE: If the confirmed positive sample came from product which was made, in whole
or in part from imporied product, the DO provides information about the supplier {o the
Office of International Affairs (OIA), Import-Export Programs Staff, by telephone, and
documents the date and time of this oral notification in the STEPS system. The DO
then provides information about the supplier to OlA, Import-Export Programs Staff,
through an e-mail message to importexport@fsis.usda.gov. OIA, in tumn, forwards this
information to the head of the inspection service in the country where the supplying
establishment is located.

6
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Part IV -~ Enforcement Actions in Official Establishments

A. What actions do inspection program personnel take if an FSIS sampie
taken from an official establishment is confirmed positive for E, coli O157:H7?

1. The DO is notified of a positive through the Biclogical Information Transfer
and E-mail System (BITES).

2. Inspection program personnel, the DO, and Recall Management Siaff (RMS)
work together (o determine the necessity of product retention, detention, orrecall. The
Technical Services Center (TSC) and OPHS may also serve as technical resources {o
assist in the decision making process. The DO will contact inspection program
personnel and program investigators as necessary {see FSIS Directive 8080.1,
Revision 3}.

3. As set out in FSIS Directive 5000.1, Revision 1, inspection program personnel
are to

a. issue an NR under the appropriate 03 ISP code using the "verification” trend
indicator; and

b. as soon as possible after the establishment has implemented its corrective
action, perform a HACCP 02 procedure for the specific production that tested positive
for E£. cofi O157:H7 and verify that the establishment implements corrective action that
meets the requirements of: '

i. 8 CFR 417.3(a) if £. coli Q157 :H7 is addressed in the HACCP plan;

i. 9 CFR417.3(b) if £ coli O157:H7 is not addressed in the HACCP plan or if it
is addressed in prerequisite programs; or

i, 8@ CFR 417.3(b} and 416.15if E. coli O157:H7 is addressed in the Sanitation !
SOPs.

4. If disposition of the positive product will be delayed, inspection program
personnel should wark with their front-line supervisors to determine how o waork with
the establishment to ensure proper and timely disposal of the product.

5. I product disposition is to occur off site, inspection program personnel are to
verify that the establishment that produced the positive product maintains appropriate
control of the product by conducting the following activities when performing the 02
procedure: ‘
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a. obtaining the identity of the official establishment or cbtaiﬂwqm
address of any renderer or fandfili that will receive the praduct;

b. notifying, through e-mail, the contact person in the District that covers the
establishment that produced the positive product that adulterated product is being
transferred and providing the DO contact person the establishment number of the
establishment where disposition will occur or the name and address of the landfil
operation or renderer. The District contact person will notify the District where the
establishment that will further process the product, landfill operation, or renderer is
located, if the establishment, landfili operation, or renderer that is to receive the product
is located in another District;

¢. for product being fransferred to a landfill operation or renderer, verifying that
the establishment will maintain control of the positive product while it is in transit
{e.g., through company seals),

d. for product being transferred to an official establishment, verifying that either
1} the establishment that produced pesitive product will maintain control of the product
while it is in transit (e.g., through company seals) or 2) the product will move under FSIS
coniro! (e.g., under USDA seal or accompanied by FSIS Form 7350-1), and

e. verifying that records are available that show that the positive product
received the proper disposition, including documentation evidencing proper disposal of
the product from the official establishment, landfill operation, or renderer where
disposition occurred. The HACCP 02 procedure at the establishiment that produced the
positive product cannot be completed for this specific production until the establishmerit
has conducted pre-shipment review of the corrective action record and has received
documentation evidencing proper disposal from the official establishment where
disposition occurred or landiill operation or renderer where disposition occurred.

6. If inspection program personnel find noncompliance with paragraph 5, they
are fo contact the DO. The DO will investigate to determine whether the establishment
committed the prohibited act of selling or transporting adulterated articles that have not
been inspected and passed.

Part V — Follow-up Sampling

A. Are FSIS follow-up samples taken at official establishments after an
FSIS-sample of raw ground beef is confirmed positive for E. coli O157:H??

1. If inspection program personnel identify no significant problems through the -
HACCP 02 procedure (see Part IV, A. 3. b.), inspection program personngt are {o
contact OPHS through an Qutlook e-mail message to Sampling Forms —
Headquarters mailbox, so a form can be sent for the collection of a follow-up
verification sample. Inspection program personne! should copy (CC) their front-line
supervisor and the DO designated representative on their e-mail message. The request
must include the establishment number, the number of forms (in this case 1), the type of
sample to be collected (i.e., a product sample), the purpose of the request (i.e., follow-

8
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up sampling in response o a confirmed positive in raw ground beef), the sample form
number of the original positive sample triggering this reguest, and the DO official
approving the request. Instructions for follow-up sampling will be provided on FSIS
Form 10,210-3, Reguested Sample Programs, or in revisions to FSIS Directive
10,210.1, under the appropriate project. Inspection program personnel should collect
the follow-up sample as scon after the establishment has taken its corrective aclion as
possible. See Part V. A 3., for actions to take if disposition of the positive product is
delayed.

2. I inspection program personnel identify regulatory noncompliance, they
should document the noncompliance in accordance with FSIS Diractive 5000.1,
Revision1, Chapter IV, [f inspection program personnel find that the establishment may
have moved positive product without appropriate controls or if they find the
establishiment may not have records showing that positive product received proper
disposition, they should contact the DO. Inspection program personnei should also
collect one follow-up sample as soon after the establishment has taken its corrective
action as possible. Inspection program personnel are to contact OPHS sc aform can
be sent for the collection of a follow-up verification sample. See Part V. A. 1., for
information on e-mailing OPHS to request a follow-up sampling form. See PartV. A, 3,
for actions to take if disposition of the positive product is delayed.

3. H disposition of the positive product will be delayed, inspection program
personnel should work with their front-line supervisors to determine when it would be
appropriate to coilect the follow-up sample and how to work with the establishment to
ensure proper and timely disposal of the product. -

4. If the inspection program personnel have concerns regarding whether the
design of the HACCP system is adequate to ensure food safety, they should not collect
a follow-up sample. They should notify their front-line supervisor, who will determine
whether it is necessary to bring in an Enforcement Investigations and Analysis Officer
(EIAQ) to the establishment to conduct a comprehensive assessment of the food safety
systems. If the EIAO determines that the establishment’s corrective actions appear o
be appropriate and effective, the EIAQ will contact OPHS so a form can be sent to
inspection program personnel for the collection of a follow-up verification sample. See
Parnt V. A. 1., for information on e-mailing OPHS to request a follow-up sampling form.
Inspection program personne! are to take the sample as soon as possible after they
receive the form. See Part V. A. 3., for actions to {ake if disposition of the positive
product is delayed.

5. If a follow-up sample is found positive, the DO is notified through BITES, and
the DO will determine the appropriate follow-up action.
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6. If the EIAO determines that the corrective actions are ina W
ineffective, the EIAQ will recommend an enforcement action as desg 3d in B’T
8 CFR 500.3 or 500.4 {e.g., Notice of intended Enforcement (NOIE), withholding, or
suspension). '

7. If the District Office decides to either defer a decision on suspending the
establishment, or a suspension action is taken and then put into abeyance (see FSIS
Directive 5000.1, Revision 1, Chapter 1V}, FSIS will conduct follow-up sampling {o verify
that the corrective action taken by the establishment is appropriate and effective. The
DO will determine the number of foliow-up samples. Guidance on how o determine the
number of follow-up samples will be provided to the DO. The DO should contact OPHS
so the appropriate number of forms can be sent to inspection program personnel for the
collection of follow-up verification samples. See Part V. A, 1., for information on e-
mailing OPHS to request follow-up sampling forms. The guidance is designed to
provide enhanced statistical confidence for finding tow levels of £, colf O157:H7 butis
not designed to provide validation of the establishment’s food safety system.

PART VI - FSIS’ Verification Activities at Establishments Producing
Raw Ground Beef Components or Raw Beef Patty Components

A. If FSIS confirms raw ground beef product at an official establishment or
retail facility positive for E. coli O157:H7, and a second official establishment
supplied the product used to produce the ground product, what verification
activities does FSIS conduct at the supplying establishment?

The HC at the supplying establishment ensures that the inspection program
personnel perform a HACCFP 02 procedure to verify that the establishment met the
applicable regulatory requirements at all CCPs in the HACCP plan (monitoring,
verification, recordkeeping, corrective actions, and reassessment) for the production lots
sent to the establishment or retail facility where FSIS found the positive. If inspection
program personne! find noncompliance, they {ake appropriate action as described in
FSIS Directive 5000.1, Revisiont, Chapter V.

B. If a grinding establishment or retail facility receives incoming product
for grinding, and FSIS finds the raw ground product positive for E. coli 0167:H7,
will FSIS test product from suppliers? i so, how do inspection program
personnel collect samples?

1. When FSIS conducts sampling at official establishments or at retail, and a
sample tests positive for £, colf O157:H7, FSIS may test raw ground beef components
and raw beef patty components at the supplying establishment. '

2. ifinspection program personnel are requested fo collect raw ground beef
components or raw beef patty component samples, they are to follow the instruction in
Part 1| of this directive and collect samples as described in Attachment 2. The types of
product inspection program personnel may coliect are:

10

National Beef Ex. 1007
Page 1306



FSIS Directive 10,010.1, Revision 1

Raw Ground Beef Components: These components include raw esophagus
(weasand) meat, head meat, and cheek meat; beef manufacturing trimmings
{e.g., 90/10, 85/15, 75/25, 65/35, 50/50); boneless beef; beef from AMR systems; and -
lean finely textured beef (LFTB).

Raw Beef Patty Components: These components include all the components
listed above in Raw Ground Beef Components, as well as partially defatted chopped
beef (PDCB), finely textured PDCB,; heart; and partially defatted beef fatty tissue
(PDBFT).

3. Also, inspection program personnel are to only collect samples of raw ground
beef components or raw beef patty components that are intended for use in raw non-
intact product. To determine the intended use of the products, inspection program
persornel are to review establishment racords and HACCP documents. In cases where
the establishment records and HACCP documents (e.g., flow chart and hazard analysis)
are unclear about the intended user, FSIS will handle the product as if it were intended
for use in raw non-intact product. If the establishrment has not identified the infended
use or consumers of the finished product, the establishment is out of compliance with 9
CFR 417 .2{(a)2).

C. Iif FSIS finds raw ground beef product at an official establishment
positive for E. coli O157:H7, and the ground product was derived from raw
ground beef components produced at the same establishment, would FSIS
sample raw ground beef components at that establishment?

FSIS may sample and {est raw ground beef components at an establishment that
produces raw ground beef products from such components if FSIS finds the ground
beef product positive. If instructed to sample such products, inspection program
personnel should follow the sampling procedures in Parf V1. B,

D. What enforcement actions do inspection program personnel take if FSIs’
finds a raw ground beef component or raw beef patty component positive for E,
coli Q187 HT?

Inspection program personnel are to follow the instructions in Part IV. A, The
enforcement actions inspection program personnel are to take when FS8IS finds a raw
ground beef component or raw beef patty component positive for E. coli O157:H7 are
the same as the enforcement actions inspection program personnel are to take when
FSIS finds a raw ground beef product positive for £. colf O157:H7. Similarly, the
controls necessary for movement of presumptive positive or positive raw ground beef
products are also necessary for movement of presumptive positive or positive raw
ground beef components or raw beef patty components.

11
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PART VI - Inspection program personnel responsibil §S{IAAST I®
an establishment’s testing of product for E. coli O157:H7

A. Can establishments conduct pre-shipment review for product
that is not at the producing establishment?

FSIS has taken a consistent position that establishments can conduct pre-
shipment review when the product is at locations other than at the producing
establishment provided that the product does not leave the control of the producing
establishment. Some establishments analyze samples for E. colf Q157:H7 while the
product is being moved but is still under the establishment's control. FSIS is providing
the establishments the flexibility 1o move this product prior to pre-shipment review being
conducted when the establishment is conducting testing for £. coff 0157:H7 and
maintains control of the product. FSIS has instructed inspection program personnel that
they have access to the results of any testing and of any monitoring activities that are
performed that may have an impact on the establishment's hazard analysis (FSIS
Directive 5000.2). Inspection program personnel must review these results on at least a
weekly basis.

B. What do inspection program personnel verify if an establishment
conducts verification testing for E. coli Q157:H7?

1. Inspection program personnel are to review the records associated with any
E. coli Q157.H7 testing conducted by an establishment. f inspection program
personnel find a presumptive positive or confirmed positive E. coli O157:H7 result in the
testing records, they should verify that the establishment is implementing corrective
actions that meet the regulatory requirements as part of a HACCP 02 procedure as
described in Part 1V,

2. i establishment records show that the establishment transports product that it
has found presumplive positive or positive for £. colf O157:H7 to another establishment
for appropriate disposition, or if establishment records show that the establishment
moves product before £. coli O157:H7 test results become available, inspection
program personnel should verify that the establishment—

a. maintains records identifying the official establishment, renderer, or landfill
operation that received presumptive positive or positive product;

b. maintains records identifying the official establishment that is to receive
product for which results are pending;

¢. maintains control of product that is destined for a landfill operation or renderer
while the product is in transit {e.g., through company seals),

d. maintains controf of product that is destined for an official establishment while
the product is in transit {e.g., through company seals) or ensures such product moved
under F3IS control {e.9., under USDA seal or accompanied by FSIS Form 73580-1};
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e. maintains records that show that presumptive positive or positive product,
including product that moved pending test resuits, received the proper disposition,
including documentation svidencing proper disposal of the product from the official
establishment, renderer, or fandfill where dispesition cccurred; and

f, cdmpietes pre-shipment review for product from a ot that has tested positive or
presumptive positive and that was moved pending test results only after it has the
records described in paragraph e. for that particular product.

3. i inspection program personnel are aware that an establishment has found
product presumplive positive or positive for E. coff O157:H7, and that the establishment .
is currently moving the product for further processing to destroy the pathogen or for
destruction, they should verify that the establishment moves the product using the
appropriate controls identified in Pant VII. B. 2. Inspection program personnel should
also notify the DO where the establishment that produced positive or presumplive
positive product is located, through e-mail, of the establishment number or name and
address of the renderer or landfill operation that is to receive the product. The DO
contact person will notify the contact person in the District where the establishiment,
landfill operation, or renderer that is to receive the product is jocated, If that
establishment, landfill operation, or renderer is located in another District,

4, ¥ inspection program personnel find noncompliance with Part VIL B., 1., 2., or
3., they should contact the DO. The DO will investigate to determine whether the
establishment committed the prohibited act of selling or transporting adulterated articles
that have not been inspected and passed.

5. The HACCP 02 procedure for a specific production at the establishment that’
produced the positive or presumptive positive product cannot be completed until that
establishment completes pre-shipment review, including review of the corrective action
record, and has received documentation evidencing that product has been properly
disposed of from the official establishment where disposition occurred or renderer or
fandfill operation where disposition occurred.

NOTE: When an establishment tests product, a presumptive positive or positive result
alone does not warrant an NR. Inspection program personnel are only to issue an NR
in response 1o an establishment's presumptive positive or positive finding if the
establishment fails to take the appropriate actions to meaet the requirements in

8 CFR417.3.
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PART Vil ~ Receiving raw ground beef products, raw Ji
components, and raw heef patty components that are positive for E.
coli O157:H7

What shouid inspection program personnel do at an establishment that
receives raw ground beef products, raw ground beef components, and raw beef
patty components that FSIS or an establishment has found positive for E. colf
O187:H7?

When inspection program personne| perform a HACCP 01 or 02 procedure at an
establishment that has received product from a lot that was found positive for E. coli
0O157:H7 product, they are o verify that:

1. the establishment documents the receipt of presumptive positive or positive
product, as required under 9 CFR 417.5;

2. the establishment maintains control of the product; and

3. E. coli O157:HT is addressed in the establishment’s hazard analysis and
HACCP pian, so that the positive product will receive an adequate lethality treatment to
destroy the pathogen.

If inspection program personnel find noncompliance, they take appropriate action
as described in FS!S Directive 5000.1, Revision 1, Chapier V.

Part IX - Verification Procedures Involving Instructional or Disclaimer
Statements Concerning E. coli O157:H7

A. What is an instructional or disclaimer statement concerning E. coli
Q15T HT?

1. An instructional statement concerning £. coff 0157 H7 is a statement that
addresses how the product should be prepared or handled to ensure that the pathogen
is eliminated or reduced fo an undetectable level. Examples of instructional statements
concerning F. coli O157:H7 in raw ground beef components, raw beef patty
components, and raw ground beef products may include, “for full lethality treatment” or
“for cooking only.” "Cooking"” is applying heat to a product at a sufficient temperature
and for a sufficient period of time to eliminate E. colf O157:H7 or reduce the pathogen to
an undetectable level, and “ull lethality treatment” may be cooking or ancther process
that eliminates £, coli O157:H7 or reduces the pathogen to an undetectable level, such
as fermentation or salt curing. ;

2. Adisclaimer statement concerning E. coli O157:H7 is a statement regarding
the type of verification activities addressing the pathogen that were NOT used in the
production of the product. An example of a disclaimer statement concemmg E. coh
O157:H7 is, “product has not been tested for £. coli O187:H7."
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B. What type of products can bear these labeling statements?

Establishments can only place these statements on product for use at other
official establishments. When the Labeling and Consumer Protection Staff (LCPS)
approves the use of instructional labeling statements, LCPS specifies that such
statements can only be used on products destined for official establishments that
ensure these products receive adequate lethality treatment. When LCPS approves the
use of disclaimer labeling statements, LCPS specifies that such statements can only be
used on products destined for official establishments that address £, coli O157:H7 in
their HACCP plan. Establishments’ use of these statements is entirely optional.

C. What verification activities should inspection program personnel
conduct at establishments that place instructional or disclaimer statements
concerning E. coli O157:H7 on the labeling of raw ground beef products, raw
ground beef compounents, or raw beef patly components?

1. When conducting an 04B04 procedure, inspection program personngt are to
verify that the establishment has received sketch approval from LCPS and that itis
maintained in the company's required labeling records {see 8 CFR 317.4{a}}.

2. If inspection program personnel find that the establishment did not receive
sketch approval or does not maintain that sketch approval in its official labeling records,
they are o document the noncompliance on an NR under the Inspection System .
Procedure (1SP) code 04B04, and they are to document noncompi ance with
g CFR 317.4(a).

3. When performing a HACCP 01 or 02 procedure to verify the HACCP
regulatory requirements are met for the production of such products, inspection program
personnel are to verify that:

a. the instructional or disclaimer statement does not serve as a control or CCR {o
address E. coli Q157 H7;

b. the establishment has not used the statement to justify its determination that
£. coli Q157:H7 is NOT a hazard reasonably likely to accur in the production of these
products;

c. the use of any instructional statements is reflected in the establishment’s
decisionmaking documents (8 CFR 417.5) or hazard analysis (3 CFR 417.2(aj(1)); and-

4. the establishment's HACCP plan for products on which i places a disclaimer
statement includes a validated intervention for £, coff C187:H7.
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If inspection program personnel find that the estabiishmeﬁmg Gl'
mstructaonai statements does not meet the criteria in paragraph 3 the
establishment’s use of disclaimer staternents does not meet the criteria in paragraph 3.
a. or b., they are to document the noncompliance on an NR as described in FSIS
Directwe 5000.1, Revision 1, Chapter IV using the 03-01 or 03-02 ISP code and the
appropriate reg uiatory citation.

5. If inspection program personnel find that the establishment's HACCP plan for
product on which it places a disclaimer staterment does notf include an intervention for £,
coli O157:H7, they are to document the noncompliance on an NR as described in FSIS
Directive 5000.1, Revision 1, Chapter IV, using the 03-01 or 03-02 ISP code and the
appropriate regulatory citation. If inspection program personnet are concerned about
product moving outside the establishment, they should initiate a regulatery control
action {9 CFR 500.2).

D. What verification activities should inspection program personnel
conduct at establishments receiving raw ground beef components, raw beef patty
components, or raw ground beef products with instructional or disclaimer
statements concerning E. cofi O157:H7?

‘ 1. When performing an 01 or 02 procedure to verify the HACCP requirements
are met for products produced using such incoming products, inspection program
personngl are to verify that establishments that receive such incoming products:

a. have addressed the use of incoming product with disclaimer statements in
their HACCP plan as if the product may be contaminated with E. coli O157:H7; and

b. are following any instructional statements on the incoming products.

2. i inspection program personnel find that the establishment has not met the
criteria in paragraph 1., they are to document the noncompliance on an NR as
described in FSIS Dtrectwe 5300.1, Revision 1, Chapter IV usmg the 03-01 or 03-02
ISP code and the appropriate regulatory citation.

3. Inspection program personne! should retain product produced using such
incoming products under the following conditions:

a. the establishment is not following the instructional statement, or the
establishment is receiving product bearing a disclaimer statement and its hazard
analysis or decisionmaking documents do not address the use of the incoming product .
as if it were contaminated with E. coli O157:H7, :

b. the establishment's process may nhot be adequate to eliminate or reduce E.
colf O157:H7 to undetectable levels; and

¢. the product is not intended for further processing that would destroy the
pathogen,
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4. If inspection program personnel retain product, they are to document the
noncompliance on an NR as described in FSIS Directive 5000.1, Revision 1, Chapter
IV using the 03-01 or 03-02 ISP code and the appropriate regulatory citation. Inspection
program persennel should also notify the DO through supervisory channels of the
conditions observed in association with the use of instructional or disclaimer slatements.
The DO may send an EIAQ into the establishment to conduct a comprehensive food
safety assessment or inveke an enforcement action as described in 8 CFR 500.3 or
500.4.

PART X -- Retail Sampling
A. How is raw ground beef product sampling conducted at retail?

1. Retail sampling continues to be an important part of FSIS’ £, coli Q157:H7
sampling program. The likelihood that a specific retail facility will be sampled will
depend on what the Agency learns about how raw ground beef product is handled at
that facility.

2. When OPHS schedules sampies to be taken at retail facilities, OPHS will
send OPEER offices FSIS Form 10,210-3, "Requested Sample Programs.” Specific
information will be provided for the samples {o be collected.

3. Program investigators are to make an effort to notify the retall facility the day
before they plan to collect the raw ground beef product samples, so that the retail
facility can prepare to hold the expected sampled lot. However, in cases when this is
not possible, program investigators should try o get to the retail facility as close to the
beginning of the grinding operation as possible.

4. Program investigators do not collect raw ground beef product that is received
and sold as case-ready preduct or raw ground beef product that is only re-packaged at
the retail store. Program investigators also do not collect raw ground beef product that
is ground at retail if the retail facility only regrinds product previously ground at official
establishments and does not conduct any practices that would introduce E, cofi
Q157:H7 in the product (examples of situations in which samples should be taken
include when the store mixes irradiated and un-iradiated beef. adds store irim; or
grinds case-ready coarse ground product in & grinder alsc used to grind store trim if
the sanitation program is not well documented, monitored, and verified for
effectiveness).

5. When they collect the sample, program investigators obtain from the retail
facility the names and establishment numbers of the establishments supplying the
source materials for the lot of raw ground beef product sampled.
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NOTE: When the source material for the sampled product is store- qum
program investigator obtains and records the names and establishment riumbers of the
gstablishments that produced the product from which the store-generated trim was
derived.

8. The supplier information is recorded on the retail worksheet that is used
specificaily for collection of raw ground beef products at retail.

7. in addition, the program investigator records the supplier lot number,
production date, and other identifying information that would be useful to the supplier if
it is later notified of a positive sample.

B. If a sample of raw ground beef product from a retail facility is confirmed
positive for E. coli O157:H7, what actions does FSIS take to ensurs that
aduiterated product is kept out of commerce?

The retail facility is notified of the positive E. coli O157:HY resuli by the program
investigator. FSIS will request a recall if any product in the sampled lot has been made
available for refail sale. Program investigators and RMS are to work together fo ’
determine the necessity of product retention, detention, or recall. (See FSIS Directive
8080.1, Revision 3).

C. Whom does FSIS notify when a raw ground besef product sample ata
retail facility is confirmed positive for E. coli O157:H7, and how is the notification
given? ¥

1. OPEER is notified of a retail positive through the Biological Information
Transfer and E-mail System (BITES) and enters supplier information into the STEPS
system.

2. The OPEER contact person accesses the STEPS system site with the [ist of
suppliers for the sampled product that tested positive and follows the procedures for
notifying suppliers in Part Ill. B.

D, if FSIS finds raw ground beef product produced at retail positive for £
coli O1587:H7, does FSIS conduct follow-up sampling at the retail facility?

After an FSIS sampie tests positive, program investigators should contact
OPHS through an Outlock e-mall message fo Sampling Forms — Headquarters
mailbox, so a form can be sent for the collection of & follow-up sample. The request
must Include the retail facility name and address, the number of forms (in this case, 1},
the type of sample to be collected (i.e., product sample), the purpose of the request
{i.e., follow-up sampling in response o a confirmed E, coli O157:H7 positive in raw
ground beef), the sample form number of the original positive sample triggering this
request, the date by which the form is needed, and the program investigator's name
and work address. Instructions for follow-up sampling will be provided on FSIS Form
10,210-3, “Requested Sample Programs” or in revisions 1o FSIS Directive 10,210.1,
under the appropriate project. in addition, when feasible, FSIS will schedule
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verification activities, including testing, at the supplying establishment following an
F81S positive sample from a retail facility.

PART Xi -- Import Sampling

A. How is raw ground beef product sampling conducted at import
establishments?

1. OPHS works with the Office of International Affairs (OIA) to send import
inspection personnel FSIS Form 10,210-3, "Requested Sample Programs.” Certain
information will be provided specific to the sample to be collected. Import inspection
personnsl are to follow the corresponding instructions found in the Import Manual of
Procedures (Part 3, Section 5), When OPHS begins sending the form electronically,
the Automated Import information System (AlIS) will schedule samples and send the
form electronically fo import inspection personnel.

2. Import inspection personnel notify the import establishment management of
the reason a sample is being collected for E. coli O157:H7 testing {routine FSIS
verification testing, increased sampling, or intensified sampling). imported products
may be under increased sampling if OIA has determined that product may be at risk of
being contaminated with E. cofif 0157:H7. When a shipment is to be sampled for FSiS
testing, the importer, broker or applicant has an opportunity to voluntarily hold the
product until the results are reported. Positive samples from imported products result
in an intensified level of sampling of subsequent shipments from the foreign
establishment. When a foreign establishment is under intensified sampling for £. colf
Q157:H7, FSIS holds the product to be sampled until negative results are reperied by
the laboratory.

B. If a sample of imported raw ground beef product collected from an
import establishment is confirmed positive for E. colf 0157:H7, what actions does
FSIS take to ensure that adulterated product is kept out of commerce?

1. If the product is on hold at the import establishment, whether on FSIS hold or
voluntary hold, import inspection personnel will initiate refused entry procedures on the
entire lot. :

2. FSIS will request a recall if any produet in the sampled lot has been released
into commerce. Program personnel, including OIA, the DO, and RMS, work together to
determine the necessity of product retention, detention, or recaill. OlA will coordinate
with the DO to provide information to inspection program personnel and program
investigators as necessary.
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C. Whom does FSIS notify when an imported raw grou %m
collected at an import establishment is confirmed positive for
and how is notification given?

1. If the lot has not moved into commerce, import inspection personnel notify
sstablishment management, which is responsible for notifying the importer of record.
Import inspection personnel should refer to Part 4, Section 11 of the Import Manual of
Procedures for guidance on refused enlry procedures.

2. if the lot has moved into commerce from the import establishment:

a. the import inspection personnel should send a copy of FSIS Form 8540-1 and
the foreign health certificate via facsimile to OlA/Import Inspection Division,

b. OlA notifies the head of the inspection service in the country of origin of the
sampie that has been confirmed positive for £, coli O157:H7 and requests that
appropriate action be taken.

D. i FSIS finds raw ground beef product collected at an import inspection
establishment positive for E. coli O157:H7, does FSIS conduct follow-up sampimg
of product from the foreign establishment?

Positive samples from imported products result in an intensified leve! of sampling
of subsequent shipments from the foreign establishment. An intensified level of
sampling Is automatically generated by the AllS for the next 15 consecutive shipments
of product from the foreign establishment presented at port-of-entry anywhere in the
United States. Under an intensified level of sampling, the shipment is placed on FSIS .
hold when the sample is coliected, until results are reported. Import inspection
personnetl should foliow the procedures outlined in the Import Manual of Procedures
(Part 3, Section 5) for guidance.

All questions related to this directive should be directed through normal supervisory
channels.

Philip S. Derfler /s/

Assistant Administrator
Office of Policy and Program Development
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Attachment 1
Questions and Answers

1. Will FSIS sample trimmings and other ground beef and beef patty
components?

FS81S may sample and test beef manufacturing trimmings and other raw ground beef
and beef palty components at a supplying establishment when that establishment has
supplied product fo grinders that tested positive for £, cofi 0157:H7 after it was ground.
In the future, FSIS intends {o develop a random sampling and testing program for raw
ground beef components and beef patly components and non-intact beef products other
than ground beef, such as mechanically tenderized and injected steaks and roasts.

2. Will an establishment that has incorporated testing of trimmings and ground
beef products for E. coli O157:H7 into its HACCP plan as a verification procedure
be exempt from FSIS sampling and testing?

No establishment that produces raw ground beef products, raw ground beef
components, or raw beef patty components will be exempt from FSIS sampling and
testing for E. coli 0157:H7. However, FSIS’ verification testing will become more risk-
based. Establishmenis that have designed and implemented sampling and verification
testing, with a high degree of confidence of finding the pathogen in both trim and
finished ground product, presumably present a lower risk for preducing adulterated
product than one that conducts this activity only on trim or only on finished ground
product and, therefore, will be sampled less frequently than other establishments.

3. What factors will be considered by FSIS in establishing risk-based verification
testing for E. coli O157:H7 in federally-inspected establishmenis?

FSIS will weight its sample scheduling process so that an establishment producing &
large volume of raw ground beef products will be sampled more frequently than an
establishment with a lower volume of production of raw ground beef products. in
addition, FSiS will also consider seasonality of £. colf O157:H7 prevalence and other
factors, such as the number of suppliers, in developing a sampling plan based on risk.
FSi8 will also sample ground besef product at inspected establishments that form ground
beef patties but do not grind the product. However, FSIS will also sample ground beef
product at these establishments less frequently than at a plant that grinds product.

4. What factors are considered by FSIS in ensuring that retail sampling focuses
on the highest risk product? '
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Retail sampling focuses on higher risk products by focusing on prmE;X‘"fqr
includes store-generated frim or was ground using equipment that had been used 10

grind store-generated trim without being adequately cleaned.

5. Can an establishment have a CCP for product disposition based on finished
product testing?

if a grinder has internal controls for £. colf O157:H7 and receives product from suppliers
{both slaughter and fabrication establishments) that have controls for £. coli O157:H7,
and the grinder and its suppliers conduct rigorous verification testing at muitiple points
during the production process, a CCP for disposition based on finished product testing
for E. coli O157:H7 may be appropriate. A CCP for disposition based on finished
product £. coli O157:H7 testing should employ testing at a level sufficient to find the
organism if present at very low freguency. Corrective and preventive action in response
to a positive in finished product festing should accompany an examination of the whole
system, not merely disposition of the product.

6. Can the FSIS guidance materials suffice for supporting documentation for
validation of CCPs, or does FSIS expect the scientific supporting documents to
be more specific than a copy of the FSIS guidance materials?

The guidance materials that FSIS has developed for slaughter establishments, grinders,
and suppliers on minimizing the risk of E. coli 0157:H7 contamination included the
parameters of certain studies. If establishments can demonstrate that their process
meets the parameters of those studies, the FSIS guidance materials would be sufficient
documentation of their validation. However, if the process parameters inthe
establishment differ from those in the FSIS guidance materials, in-house validation
would be necessary.

7. If the establishment or FSIS tests raw ground beef products, raw ground beef .
components, or raw beef patty components for E. codi O157:H7 and finds more
than one positive, do these findings signify a HACCP failure?

The establishments’ or FSIS' finding more than one positive would not alone be a
HACCP failure. However, FSIS would expect the establishment to identify £. coli
0157:H7 as a hazard reasonably likely to occur {if it has not already done s0). in
addition, the establishment should attempt o determine the cause of the positive
findings and would fikely need to examine its intervention methods to determine why
they are not working. Some establishments have adopted intensive raw material and
finished product testing and supplier controls within their Sanitation SOPs and HACCP
systems. In these situations, inspection program personnel should verify that the ‘
establishments contro! procedures to determine whether a HACCP failure is occurring.
in other situations, the establishment may decide to conduct carcass mapping to identify
areas of carcass contamination {if the establishment conducts slaughter or fabrication).
in addition, if FSIS testing finds E. colff 0157:H7, the establishment may decide to
intensify its verification program or may decide to ensure that the sensitivity of its testing
method is equivalent to FSIS' testing method.
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8. Can an inspector collect and submit a ground beef sample prior to pre-
shipment review being performed by the establishment?

Inspection program personne! should become familiar with the production process and
provide notification to the establishment that a sample will be collected in time for the
establishment to held the sampled product. Some esiablishments have an extensive
verification festing program, sample every “lot” of ground beef product produced, and
have a CCP for product disposition. in this scenario, the establishment cannot conduct
pre-shipment review until the result from the sample has been received. If the
establishment has no interventions in place after the product is sampled that address
the presence of the pathogen of concern, the establishment could conduct a pre-
shipment review on this product up to this point with a note indicating that the product is
being held pending laboratory analysis. Inspection program personnel could verify that
the establishment meets the corrective action requirements of 9 CFR 4173, if a positive
result is received by the establishment. If disposition of product is delayed, inspection
program personnel should work with their front-line supervisors to determine how to
work with the establishment to ensure proper and timely disposal of the product. When
the results for both samples (FSIS sample and the establishment sample) have been
received, the establishment could then conduct a “final” pre-shipment review. ina
scenario similar to this, inspection program personnel could submit the sample prior to
the final pre-shipment review being conducted,

9. If an establishment makes case-ready product and requests that the inspector
give it notice the day before the inspector is to take a sample, so that the
establishment can adjust its production levels to fill its orders but still hold the
sampled lot, should the inspector accommodate the request?

Yes. The purpose of FSIS sampling is to provide verification that the establishment’s "
process is producing product that is not adulterated by E. cofi Q157:H7. Itis notto
compromise the establishment's ability to fill its orders.

10. What is the purpose of follow-up sampling by FSIS after FSIS finds thata
sample of product is positive for E. coli O157:H7?

FSIS generally always will collect at least one suppltemental verification sample of
product immediately following corrective actions by the establishment when FSIS finds
a sample of product from an official establishment positive for E. colff O157:H7. This
follow-up verification sample is expected to be larger (e.g., double the size of the regular
verification sample), and FSIS expects to double the number of sub-samples that it
analyzes. The results wilt be reported as either positive or negative, like other routine
verification sample results. FSIS' follow-up sampling is one of several activities FSIS
gonducts to verify the adequacy of the establishments’ corrective actions following an
FSIS positive £. colil O157:H7 finding.
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11. Is FSIS notified of E, coli O157:H7 positive Agriculture Marketing Service
{AMS) results? If so, what actions do inspection program personnel take in
response to such notification?

Yes, FSIS is notified of £. coli O157:M7 positive AMS resuits. AMS reports poetential
positives and confirmed posifives to FSIS. When the DO is notified of an AMS potential
positive, FSIS reacts as if the product were found presumptive positive by FSIS (see
Part Hli, A.). Hthe product is confirmed positive by AMS, the establishment needs to
ensure its proper disposition and to conduct appropriate corrective actions. An AMS
result is an official government resuft.

12. Why must establishments obtain sketch approval from FSIS to use labeling
that includes instructional or disclaimer statements on raw ground beef products,
- raw ground beef components, or raw beef patty components?

The labeling of ground beef products, single-ingredient raw ground beef components, or
single-ingredient raw beef patty components that includes special instructions or
disclaimer statements concerning £ colf O157:H7 cannot be generically approved
because FSIS considers these special instructions or disclaimers to be special claims
{(see 9 CFR 317.5(b)2)).

13. H FSIS finds that establishments have been using labeling that includes
instructional or disclaimer statements on raw ground beef products, raw ground
beef components, or raw beef patty components without skeich approval from
FSIS, will FSIS request that the establishments recall the product?

No. FSIS will not request that establishments recall product that has already been
shipped with unapproved labels because use of such product will not result in adverse
heaith consequences. However, FSIS will rescind such labels, and the establishment
would need to submit them to FSIS for sketch approval.

14. Can instructiconal or disclaimer statements serve as controls or CCPs to
address E. coli Q15T H7?

Labeling is not a means to prevent, eliminate, or reduce pathogens, Therefore,
instructional or disclaimer statements cannot be used as CCPs or interventions for E.
coli O157:H7. Wthe establishment has determined that £. coli Q157:H7 is a hazard

" reasonably likely to ocour in its production of raw ground beef products, raw ground
beef components, or raw beef pafty components, the establishrment must have an
intervention to address the hazard.

15. Can establishments use instructional or disciaimer labeling statements to
justify a determination that E. coli 0157:H7 is not a hazard reasonably likely to
occur in their preduction of beef products?

24

National Beef Ex. 1007
Page 1320



FSIS8 Directive 10,010.1, Revision 1

No. Because labeling is not a means to control pathogens, establishments may not use
these labels to justify their determination that E. coli O157:H7 is NOT a hazard
reasonably likely to occur in their production of these products.

16. Can product labeled “for cooking only” go to an establishment that cooks
product intended for additional further processing?

Yes. Even if the product will undergo further processing after it leaves the cooking
establishment, as long as the cooking establishment cooks the product at a sufficient
temperature and for a sufficient period of time to eliminate or reduce E. ¢colf O157:H7 to
an undetectable level, the cooking establishment would be complying with the labeling
instructions.

17. How should the placement of instructional statements be reflected in HACCP
plan documents?

The placement of any instructional statement addressing E. colf O157:H7 on labels of
raw ground beef products, raw ground beef components, or raw beef patly components
must be reflected in an establishment’s decisionmaking documents and hazard
analysis.

For exampie, if an establishment is placing the statement “for cooking only” or *for full
lethality treatment” on raw ground beef products, raw ground beef components, or raw
beef patty cormponents, the establishment's hazard analysis should show how the
establishment is ensuring that the product will go for cooking only or for other full
lethality treatment only. if the establishment places a "for cooking only” statement on
the product and cooks the product in the establishment, the establishment's flow chart
should show the cooking steps the product will undergo. If the establishment places a
“for cocking only® statement on the product and ships it to outside establishments, the
shipping establishment shouid have controls in place to ensure that the product goes
only to establishments that cook it. if the shipping establishment also produces product
that is not intended for cooking, it should have controls in place to segregate product
intended for cooking from product not intended for cooking. If an establishment places
the statement “for cooking only” on its finished product, but the establishment has not
addressed the intended use of its finished product in its decisionmaking documents or
hazard analysis, the establishment’'s hazard analysis and decisionmaking documents
would not be consistent with the information contained in the instructional statement,
and the establishment would not be in compilance with 8 CFR 417.5.

18. Why are establishments that place iabels on raw beef products that include a
disclaimer statement concerning E. coli O157:H7 required to have an intervention
for the pathogen in their HACCP plan? '

25
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An establishment may use a disclaimer statement, such as, “not tested 1or k. col
OM57:H7," on labels of raw ground beef products, raw ground beef components, or raw
beef patty components gnly if it has an intervention for the pathogen in its HACCP plan
for these products. A disclaimer that the product has not been tested for £, cofi
0157:H7 implies that & coli O157:H7 may be a food safety hazard reasonabily likely to
oceur in the product in the absence of controls. Therefore, the information contained in
the disclaimer statement would be inconsistent with a determination in the hazard
analysis that it Is unnecessary to address this hazard in the HACCP plan, and the
HACCP plan may be determined inadequate (8 CFR 417.6).

19. How are inspection personnel to document noncompliances involving .
fabeling and disclaimer statements?

Inspection program personnel are usually to cite 9 CFR 417.5 and to use the
recordkeeping trend indicator when documenting on an NR most of the possible
noncompliances involving labeling and disclaimer statements. Under 9 CFR 417.5,
required records documenting the establishment’'s HACCP plan include: a written
hazard analysis, supporting documentation of the hazard analysis, a written HACCP
pian, and decisionmaking documents associated with selection and development of
CCPs and ¢ritical Himits.

. If the establishment's use of instructional statements conceming E. colf O187.H7
is nat reflected in its decisionmaking documents or hazard analysis, the establishment is
not in compliance with 8 CFR 417.5, because its records do not show that the
establishment has considered its use of these instructional statements in its hazard
analysis or HACCP plan.

b. If the instructional or disclaimer statements serve as controls or CCPs to address
E. colf O157:H7, the establishment is not in compliance with 8 CFR 417.5 because the
gstablishment's decisionmaking documents or hazard analysis cannot support its use of
instructional or disclaimer statements as controls or CCPs.

c. if the establishment has used instructional or disclaimer statements to justify its
determination that £. colf O157:H7 is NOT a hazard reasonably likely to oceur, the
establishment is not in compliance with 9 CFR 417.5 because the establishment's
decisionmaking documents or hazard analysis incorrectly concluded that labeling
statemants would prevent E. cofi Q157 H7 from becoming a hazard reasonab!y likely to
oceur in the establishment, i

d. i an establishment receiving product with instructional or disclaimer statements
has not addressed the use of such products in ifs decisionmaking documents or hazard
analysis, or does not have data to validate that these products will receive adequate
lethality treatment, the establishment is not in compliance with § CFR 417 .8 because its
records do not show that the establishment has adequately addressed the use of these
incoming products in the hazard anaiysas for those products in which such incoming
products will be used.

26

National Beef Ex. 1007
Page 1322



FSIS Directive 10,0101, Revision 1

Attachment 2

PROCEDURES FOR SAMPLING RAW GROUND BEEF COMPONENTS AND RAW
BEEF PATTY COMPONENTS: .,

FSIS Form 10,210-3, Requested Sample Programs, for further collection mstructions,

Sample Size:
The FSIS laboratory requires approximately 1.5 pounds {24 ounces or 680 grams) but no less

than 1.235 pounds (20 ounces or 570 grams}) of product.

Sample Chilling:

{f the sample is warmer than 40°F/4.4°C when the sample is taken, place it in a cooler to chill it
before shipping. : :
Prior to shipping the sample, pre-chill the shipping container in a refrigeraied cooler that is
between 28°F and 45°F for at least 8 hours,

Randomized or Representative Sampling:

As best as practical, select a representative sample by one of the two following procedures:

1. Time: Throughout the production lot, as defined by the establishment, as boxes or combo
bins are filled, collect samples at random times. Use standard proceduares for identifying
“random times”.

If random times are not practical use the “Space” option below.,

2. Space: Atortoward the end of the production lot, as defined by the establishment, note the
number of boxes or combo bins containing the requested product types. Take the square root
of that number and round up to the next whole number (i.e., if the number of boxes is 29, the
square root is 5.38; the next whole number is 6). That number, or no more than 10, is the
number of containers to be sampled, '

Use a standard random number procedure to select which containers to sample. Select
representative sampies from the top of the filled hoxes or combo hins. These pieces should
have collected representative bacteria from the product contact surfaces during the course of

production.

Sampling Procedure:
There will be three basic sampling procedures based on size of sample pieces:

1. Very small picces less than the size of an ordinary thumb, such as AMR, or LBT/LFTR.
For very small pieces, use the laboratory-supplied scoop or spoon to collect the sample.

2. Small pieces less than the size of an ordinary palm, such as head meat or trimming.
For small pieces, use the laboratory-supplied scoop, tongs, or hook to collect the sample.

27
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3. Chunks and pieces larger than an Grdmﬁry palm, such as chucks and plates:
Call for help from an establishment employee with an establishment knife and iaboratnry«

supplied hook. Have the employee sanitize knife and hook in the same manner as is done on
the boning/trim line. From each of the designated containers {or during the day) "Grab
sample" pieces with the hook. From each picee, stice a thumb to palm-sized piece of surface,
ne thicker than % inch (or 1 cm). Place the samples into the sterile sample bag, using the

hook or iaboratory-supplied tongs.
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Exhibit P

478

ICMSF methods studies. I. Comparison of analytical schemes for
detection of Salmonells in dried foods’:3?

N H. Snuxes a¥o DL AL Gasis
Siflieer Laboratories, 17g0, 1304 Holsted Sirect, Chicage Helghts, Hiinois
Accepted Dievember 14, 1972

Surimsr, I H.and D. A, Ganis. 1973, ICMSFE methods studies. ¥, Comparison of analytical schemes
for detection of Sedmenells in dried foods, Can. J. Microbiol, 18: 475970,

Twenty-six low-moisture food samples nawrally contamingied with salmonefias were analyeed 1o
compare the officiency of sixty 25.g, fifteen 100-g, and three 500-g subsamples in recovery of salmoneliae,
In eddition, the efficacy of wat compoesiting in resovery of saimonellas was studied by poofing in groups
of five, the pre-enrichment byoths from the 35 and 100 subsamples. Eightsen of the samples were
positive by 3l sarpling procedures, Four of the samplss were negative when sixty 353 subsamples were
analyzred, four wers negative by the ffleen 100-g sub-samples, and two were negaiivs by the three 500.g
subsamples, Wel-compositing results indicate the method is as senxitive in detecting salmaneilse a3 the
aralysis of individual subsamples. The overall results indicate samonsilas may be detected with equal
facility by any of the sampling and analytical methods tested. :

Swancen, JH., et B. A, Gan, 1973, ICHMSF methods studies. I Comparison of analytical schemes for
detestion of Safmonells in dried foods. Can. J. Microbiod, 1§: 475-47¢,

On 3 snsliysé vingl-six échantiiions d'sliments, ayant un taux peus élevd d'humiditd e contamings
naturslioment par &8 sahmonelles. Lz but de extte Studs dalk de compares Pefficacité de 80 sous-échantil.
tons de 25 g, 13 de 100 g ot 3 de 500 g pour {a récupdration des salmonehics. Do plus, on 2 dudié Peffics-
¢ité g'un mélange mouillé dang Ia récupération des salmonsiies en répartissant, par groupes de cing, les
bouillons de pré-encichissement de sous-schantillons de 25 er 100 5. Quelle que soiy R méthode d'dchane
illonnage; dis-huit des Schamtifions ont €18 positifs, quatre fureny négatifs dans Panalyse de 60 souse
&chantillons ds 25 g; quates furent Sgalemeny négauls pour 15 spus-dchantilions ds 100 o, fnale-
ment deux fureny négatifs dans Panalvse de 3 sous-dchamilions de 300 g. Catte méthode des mélan-
ges snpuilids s'est avérés sussi efficace dans ln déiection des salmonelles que Panalyse des souse
echantillons individuels, Dans leur ensemble fos résuliats démontrent que les saimoneliss pouvent Rire

facilernent décelées quelles que soiont fos méthodes Fanalyses ou d'dchantilionnages utilisses.

The sensitivity of the analytical methods #
most important in the design of Suimonells
sontro] systems for foods. Increasing the amount
of sample examined from a particular lot de-
creases the probability of accepting a positive
dot. There has been 2 trend to analyzing in-
creagingly larger samples, but the sensitivity of
detecting Salmonella in large samples has not
been adequately determined. The testing of 60
individual 25-g subsamples with negative results
was recommended by the National Research
Council {(NRC) Committee on Salmonelia {2)
before high-risk foods could be released for
consumption by aged and infirm persons and
infants. It is obvieus that following this rec-
ommendation would not be economically

1Received August 31, 1972

Hmernational Commission on Microbiological Speci
fications for Foods (ICMSF).

3This study was sponsored by the Agriculiural Re-
search Service (ARS), Bastern Utilization Research and
Development Division, United States Depariment of
Agriculture, undsr the teyms of a coopsrative agreement
Setwsen ARS and ICMSFE.

[Eraduit par i journai}

feasible on a routine basis. Examination of
fifteen 100-g subsamples would require one-
fourth the laboratory work but would be
warranted only if the sampling and analytical
scheme were as efficient in detecting positive
lots as one involving the analysis of sixty 25-g
subsamples. “Similarly, if an analytical method
using three 300-g subsamples from the ot were
squally capable of detecung contamination,
then the laboratory cost of statistical guality
control over Salmenella would be greatly re-
duced, and more widespread application of
statistical control programs would be encours
aged.

Compositing of muliiple subsamples (lumping)
and wet compositing of pre-enrichment culiures
have been tested as cconomics] approaches o
Safmonells control. Both approaches are being
used widely by the food industry in the United
States, but little has been published on the
efficacy of either wehnigue,

Silliker (appendix C of reference 2) examined
389 lots of dried egg producis by ansiyzing
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400-g composite samples as well as multiple
23-g sampiles. His dala suggested some loss in
sensitivity caused by the use of 400-g samples.
Huhtanen &¢ af. {1) analyzed 25 meat-and-bone
meal samples for salmonstlae, conparing a single
300-g sample with t1en 30-g samples. Seventesn
were positive on the testing of a single 300-g
sampie; 18 were positive on the testing of ten
30-g samples. i

Silliker {appendix D of reference 2} reported
that of 106 wet composites derived from 1060
individual samples, 3% were positive for Sal
monelln and 66 were negative. In seven insiances
negative results were obtained despiie the fact
that one or more of the 10 individual samples
comprising the wet composite did contain
salmounellae. Thus, these seven were false nega-
tive resulte, Price ef ef. {3) reported that as many
as 23 pre-enrichment broth cuitures could be
pooled without apparest loss in sensitivity.

The present work compares five analytical
systems for the detection of salmoneliae in dried
foods. In each system 1300 g of sample was
tested. The studies were designed to compare
the following analytical schemes: (1) Sixty 23-g
subsaroples; () ffieen 100-g subsamples; (3
three 300-g subsamples; {4) wet compositing of
23-g pre-ensichment cultures in groups of 8ve;
and {3} wet compositing of 100-g pre-enrich-
ment cultures in groups of five, The work is part
of 8 broad study program of analytical micro-
hiological methods for foods being conducted
by the International Commission on Micre-
biclogical Specifications for Foods,

Mathods

Seusce of Samiples

All rest samples were commercial products, belisved o
be naturally contaminated with sabnonellse. Bach sample
comprised 70-80 kg; the major portion of this was cone
sumed in primary testing.

Sampie Preporation

Certain highly contaminated samples wers diluted
with Salmonefio-free material of the same compositon,
as shown in Table 1.

Chovolateaimond  bars and milk choeolate wers
ground in a meat grinder through a plale with holes 3
mm in dinmeter, then hand-miced and reground through
a piate with holes 3 mm in digmeter. The othey foods
{with exceptions noted below) wers mixed for I in a
stainless stes] Hguid-solids blendor (Pauerson-Kelley
Company, Inc., East Stroudsburg, Pa.),

The fish meal used in test 23 and the coconut used in
st 25 were not mixed, In test 36 contaminated coconut

CAN, 5, MICROBIQL. VOL, 19, 197}

was difuted 1:3 with uncontaminated eoconut, mixed by
hand, and then ground twice in the meat grinder through
& plate coniaining holes 3 mm in diameter,

Sampling

In tests 1~21 the mized products were sampled directly,
i, sinty 25-g, fifteen $00-g, and (hree 500-p subsamples
ware weighed directly into the pre-aneichmens broth. In
sests 22-26, 180 25-g subsamples weve weighed into 130
sterile sample botties. Sixty of the 180 subsamples were
randomly selscted for the 25-3 subsamples, The 100z
subsamplss were prepared by randomiy posling four
25-g subsamples 1o formy 1§ groups. The S00-3 subsamples
were prepared by madomly pooling groups of twenty
23.g subsamples.

FPrecearichment

Chocolats-almond and millchocolate samples weore
engiched in reconsituted 309 (whiv) non-fat dry milk
containing 0.002% brilliant green dye. Black pepper,
whole egg solids, egg yolk solids, egg sibumen, and iso-
lated soy protsin samples were enriched in lactose broth
{Difoo, Dewols, Michigan). Meat meal, cottonssed meal,
fish meal, and desiconied covonuk samples were enriched
in lacrose broth containing 195 {v/v) Tergito! Anionic 7
{sedium heptadecy! sulfate, Union Carbide Company,
Chicage, Hincish

The 25-g subsamples were enriched ia 225 mi of broth
contained in SOD-mi jars with screwcap ids, The 100-g
subsamples were enstched in 900 mi of broth contained
it §500-mi boitles with serewecap lids. The 500-g sub-
samples were enriched in 4300 ml of broth in B-liter
palyeihyiene containers (Rubber-Maid Compsny, Com-
mercial Division, Winchester, Va.). The coniners were
covered with aluminum pie pans with 20-cm dismeters.
Since the polyethyiene containers were notl resisiant (o
121, all media were pasteurized in flowing steam for
20 min. The temperaure of the mediz after this ireai-
ment was greater than 85C. The mediy were used ime
mediately after gooling 10 room lemperature.

Subeslturing of Pre-enrichmens Cultures

All pre-enrichment cultures were ingubated for M4k
at 33C. Afer Incubation, | md from exch of the oultures
was introduced into 9 mi selenite-cystine broth (Difen)
and 9 mi tetrathionate broth conwining brilliamt green
dys {Difco) (43,

Sixty 285-g pre-encichment cultures were rsndomly
assigned 1o 12 groups of five. Bach of these groups was
used (O prepace wet compeosites as follows: 1 mi from
each of the five preenrichment cultures was inroduced
both into 45 my selenite broth and 45 mi tetrathionate
broth. Similarly, the fificen 100z pre-enrichment cul-
ures were randontized and assigned 1o three groups of
five, Wet composites of the 100-g pre-ersichment cul~
tures were prepared in (he same manner as descrided
above. The selenite and tetrathionats subculiures were
incubated 24 h at 35¢.

Selective and Differaial Medic .

After incubation, sach of the sclenite and tetrathionaw
broth cultures was sirsaked onto britiiant gresn (BGY,
Saimonello~Shigetia (85}, and blsmuth sulfite (BS) agars
{Difce) and incubated at 35C. The 88 and BG plates
were examined after 24 b, the BS plates after 48 h.
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BILLIKER AND CABIS: SALMORELLA IN DRIED FOODS 477

Identifcation

Suspecs coionies were identified by conventional
blochemical and serclogical procedures {43, The sero-
logical identification included siide sgghatinations using
group specific O antisera (Difoo) and wbe agglutinations
using Spicer-Edvesrds B antisera (Difco).

Results

Eighteen of the 26 sampies were positive for
salmoneliag by all anslytical procedures (Table
1}. Four of the samples were negative whesn sixty
25-g subsamples were used, but the same
samples were pesitive by ome or more of the
other analytical procedures. The twelve 15-g
wet composites derived from each of these four
samples were also negative, Four of the test
samples were negative in the fificen 100-g

subsamples, and the wet composites derived
from these aliquots were fikewise negative. In
test 18, three of the fifteen 100-p subsawmples
were positive, but all of the wet composiies were
negative. A minimum of one and 3 maximum
of three positives would be sxpected from the
wet composites; thus ong or more of the nega-
tive results on the 100-g wet composites in test
18 must be considered as “false negative”
Noteworthy was the detection of Salmanella in
24 of 2¢ test samples when three 500-g sub-
samples from each test sample were studisd,
Table 1 indicates that the fatlure of one or
more of the apalytical procedures to deteot
salmonelize was generally associated with sam-
ples containing a low level of contamination.

TABLE |
Comparison of analytical methods for detertion of salmonelins in dried foods

Saimonella-positive results

DUry subsampies Wt composites

We, of aliquots, g

25 100 $06 P 00

Wo. of sliguots

Tost Product 60 i3 i2 3
3 Chocolate almond bar 59 i3 3 12 3
2 As test | diluted 1:10 33 i3 3 i3 3
3 As teat 3 diluted 3:40 & h 3 § 3
4 Asutest § diluted 1:100 3 2 g 2 i

23 As test { diluted 1240 5 2 i 2 §
5 Milk chosolate g 8 H U ¢
& Black pepper ] i H @ i
7 Whole egg solids ¢ 1 § 0 H
8 Eag yolk solids 2 i i 2 i
$ Egg atbumen solids ot 1 3% 14 3 12 3

18 Reg albumen solids lot 2 &0 15 3 12 3
12 As tast 10 diluted 1:2.6 45 £3 3 1 3
13 As test 1 diluted £:26 2 4] b} 2 g
i Mixture alburnes solids lots § and 2

diluted 1:4 35 13 3 i2 3
i Isolated soy protein [ 4 { 4] [
i§ Meat meal fot § 28 i5 3 i1 3
£7  Astest {5 diluted 134 4 8 i 4 ¢
18 Meoat meal jot 2 & 2 i 4 i
28 Meat meal ot 3 58 is 3 12 3
18 Cononseed meal 7 ¥ 2 4 8
11 Fish meal jot 1 22 i3 3 8 2
i} Fish menf ot 2 0 i 3 i1 3

22 Fish meal lor 3 &4 1% 3 Notest No et

24 A rtest 22 diluted §:100 b 51 3 4 3

23 Diesiceated coronut 43 18 k] 14 i

28 As test 25 dilnted 113 2 3 3 2 2
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By assuming that the contamination in samples
negalive by one or more of the methods was
sufficiently low so that a single positive resulted
from a single Selmonsila, then the momber of
salmoneliae per 300 grams may be cstimated,

Table 2 represents in condensed form the
patterns of seimonellae recovery from the 26
samples and the estimated level of contamina~
tion in samples negative by one or mores methods,
The estimation of the Salmonella contamination
was derived by calculation. For example, in fest
4 3 total of five positives were obtained from
the sixty 25-g, fiftesn 100-g, and three 300-g
subsamples. Assuming thai any positive resulied
from a single Salmonellz, then, in the total of
4500 g of sample analyzed {wet composites not
tacluded), there were five salmonellae. The best
estimate of confamination in 500g would be
five positives in 43500 g divided by nine, or 0.56
salmonellae per 500 grams. Estimates of the
number of salmoneliae per 500 grams bhave been
calculaied for each lot found negative by one or
more of the five analytical procedures.

The estimates of the level of contamination
are in the righi-hand column of Table 2. In
seven of the eight test samples found negative
by say one of the analytical schemes, the level of
salmoneliae was calculsted to be less than one
Salmonelle in 500 g I the concentration of
salmonellas in the iot is one in 500 g, the prob-
ability of fnding 2l sixty 25g subsaraples
negative is about 59% (23 It is assumed that the

CAN, ¥, MICRDBIOL,

YL, 19, 1973

same probability is provided by the other
anabytical procedures. Thus in seven of eighs
negative samples, the level of salmoneliae wag
below that which could be detected with 93%
confidence. The exceplion was cotionseed meal
used in test 18 in which the estimated Sadmon-
ellz level was 1.32 per 300 grams. This sample
was positive in three 108-g subsamples, but afl
three wel composites were negative. In such &
case one or more of the negative wet composites
must be considerad ss “false negative™
Twenty-five Salmonelle serotypes were ob-
tained from the 17 product-samples tested,

Discussion

Analytical results from 26 samples of patug-
ally contaminated dricd foods indicste that
Saimoneila-positive samples may be detected
with equal facility by anslyzing sixty 25-g sub-
samples, fifteen 100-g subsamples, or three 500-g
subsamples. Pooling sixty 25-g or fifteen 100-g
pre-envichment cultures inle groups of five {wet
compositing} fellowed by selective enrichment
of the composites apparently results in the same
assurance of detection of positive lots as the
analysis of individual samples.

Limited data suggest that the analysis of &
single 1500-g subsampile is feasible. Eleven of the
samples were analyzed by pre-enriching s single
1500-g subsample in 13 500 mi of broth. Ten of
1] samples were Safmonelia-positive with the
negative result coming from the material used

TABLE 2
Pasiermns in the recovery of saimonelise by five different sampling and analysis wethods

Sampling and analytical methed

Dy Wet compusites
Wt of subsamples, g
s 100 500 28 100
Samples
No. of subsampies positive Estimated
for zach Salmonella
&G i3 3 i2 3 patemn fevel/S0 g
+* + + + + 18
+ + -1 + + i 0.56
+ -+ + - 1,32 i
-+ — 4 + - i 0,38
- + + - ~+ 2 0.23; 0,22
4 . - -+ - i §.22
e — + - = 2 B.13;0.11

“Plus (-3 indicstss one or more of 1he subsamples wors positve.
TMieuy () indisaes vong of the s:;ksmpiss v}:c.“s posirig:.
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for test 24, diluted fsh meal. Failure to isolate
Salmonefia from this 1300-g subsample is prob-
ably & “false negative,” because the sample had
a relatively high level of contamination.

The efficacy of using large samples for Sal
monelle analysis permits statistical quality con-
trol which is econowmically feasible. This is
extremely important, because the best way to
discover a Safmonella problem is through con-
stant surveillance of finished product and the
plant snvironment, In addition, sempling plans
being recommended for ceriain foods reguire
examination of & large number of samples to
atizin a high probability of safety.

Routine surveillance reguires collection and
examination of large numbers of samples,
especially in & Inzge plant producing many prod-
ucts. If the samples from individual lots can be
Twmped as described here, the monetary and
time savings are obvious, Similarly, substantal
savings would result by compesiting in the ap-
plication of strict sampling plans such as those
recommended by the NRC, Commitiee on
Salmonefia (3) and the Internatiopal Commission
on Microbiological Specifications for Foods
{report in preparation). For example, the NRC
Commities recommended sixty 25.g samples for
category § foods (powdered infant foods, thera-
peutic diet supplements, geviatvie food and
drugs), which are to be used by populations
having high susceptibility to 8 Salmonella infee-
tion. The present study indicates that these
products counld be as effectively controlled by
analyzing three 500-g samples per jot. Category
I includes high-risk foods which contain a
sensitive ingredient (8}, have no final pasteuriza~
tion, and are capable of supporting Safmonells
growth, The recommended sampling plan re-
guires analysis of twenty-nine 25-g samples for a
total of 725 g The results of this study show
that analysis of two 300-g subsamples would
permit 2 higher measure of control over such
products than analysiz of twenty-ning 23-g sam-
ples, since this entails the analysis of an addi-
tional 375 g

Similarly, the less critical products in cate-
gories {1, IV, and V could be statistically con-
trofled by analyzing 2 single pool of twenty 25-¢
{500 g) samples, since the recommendad analyti-
cal scheme entails the analysis of thirteen 25-g
{325 g} samples.

7%

The NRT report directed its attention to the
problems of Safmeneliz control in the United
States. The difficulties encountersd in the contral
of foods in international commeree are mueh
greater, since it is more likely that the history of
a given lot of produoet is unknown. Here the need
for statistical quality control over the Salmenelia
defect is correspondingly greater. At present,
cursary o the complete absence of sampling
affords Bitle protection to the consumer,

Attribute sampling plans assume random dis-
tripution of & defect in a {ot. U should be empha-
sized that in the present studies the sample
received for testing was thovoughly mixed in the
laboratory to promote random distribution of
salmonelise. The question of the proper pro-
cedurss to be used in obtaining representaiive
material from lots of food for laboratory testing
remains moot and was not a part of this investi-
gation.

The foods tested in these experiments were
naturally comtaminated with salmonellze, and
the diversity of Salmonellz serotypes was limited.
Nevertheless, 23 serotypes were isclated from the
samples examinegd, and it appears that the resulis
of the study were not serotype-dependent,

The present study involved dried foods, but
similar sawmpling procedures for high-moisture
products, such as meats, poultry, and bulk eges
are being investigated.
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Salmonella Testing of Pooled Pre-Enrichment
Broth Cultures for Screening Multiple Food

Samples

W. R PRICE, R A OLSEN, sxp 4. B HUNTER
Wingon il Technical Center, The Procter & Gomble Compary, Cincinrati, Ohio

Reosived for publicstion 10 December 1871

A method hes besn described for testing multiple food samples for Salme-
nelln without loss in sensitivity., The method pools multiple pre-enrichment
broth cultures into single envichment broihs, The subsequent stages of the
Saimonells analysis are not altered. The method was found applicable to ssv-
eral dey food materianls including nonfat dry wilk, dried egg sibumin, cocos,
cottonsesd Sour, wheat fodr, and shredded coconut. As many ss 26 pre-en-
richment broth cultures were pooled without appsrent loes in the sensitivity of
Saimenella detection as compared to individual sample analysis. The proce-
dure offers 2 simple, yet effective, way to increase sample capseity in the Sal-
monelln testing of foods, particularly where a large proportion of samples ordi-
narily is negstive. It also permits small portions of pre-enrichment broth cul-
turss to be retained for subsequent individaal apalysis if positive tests ave found.
Seimonslia testing of posled pre-enrichment brothe provides increased consu-
mer protection for 2 given amount of analytical effort as compared to hndividual

sample snalysis.

Poritive test results are relatively rars
among the meny samples of food ingredients
and products which sre analyzed for Salmo-
nells. Therefore, a test procedure thet gives a
single negative answer for many negative sam-
ples offers an important saving in the analyt-
insl effort roguired for guslity control. Thess
studies support the conclusion that Saimonslls
pre-enrichment broths can be pooled for anal-
ysis without loss in semsitivity to Selmonells
in the individual samples.

MATERIALS AND METHODS

Selmonells snatysss wore cardded out a5 descxibed
in the Becterinlogical Analytical Monwa! (BAM} (B
except for the pooling of pre-ensichment broths de-
scribed in the following pearsgraph.

The proceduze for Saimonells testing of pooled
pre-surichment broths is ilusivated in Pg. 1. Sam.
ples are individually pre-euriched followed by
transfer from multiple pre-snvichments o single sel-
enlle and tetrathionate broths 8¢ the surichment
stage, During pooling, & portion of esch pre-envich-
ment is trenefermed to 8 stexils culture tubs and e
taived at 4 C for later reference i the individusi
samples, I the Sslmonelle tsat of the pooled prs-
envichment broths is positive, individual tests on the
retained samples can be made to determine which

878

3

sample or samples contributed Ssimonelln o the
pock.

Pre-emrichment broths consisted of 0.5% Isctose
broth for sl foods except nondet dry wilk, for which
sterile distilied water containing 0.002% Brillisst
Green was emploved,

Seimoneiiz-positive test samples were prepaved
by blending the dry test fond with one of thres dry
inoculs. Inoculum 1 was & dry enzyme drain cleaner
which had besn found to contain wultiple Selmeo-
netle serotypes including B, 24 B, 24 £S. cubanal;
and C,, g complex. Incculum 2 was 8 freess-dried,
siim milk suspension of serotypes 8. onmtum, 8.
binzn, 5. tennessee, 8. worthinglon, 8. cubons, 8.
broenderup, sod & B, g complex. Inoculum § con-
sisted of four laborstory isolates of serotypes O,z
{8, audonal; B,,b; Bl complex; and {,,] complex
grown in & sterile agueous suspension of coftonsesd
flour and frosze dried.

RESULTSE ARD DISCUSSION

Dried ogg albumen, cocos, and nonfat dry
milk were inoeulated with inoouhum 1 af levels
ranging from § salmonellae per 100 g o 3,80
salmonellse per g Pre-envichment broths of
the Salmenella-inoculated samples were ana-
fyead both individuslly aund after pooling with
5, 8, and 14 pre-enrichmenis of uninoculated
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Fra. L. Selmonelin testing of pooied pre-ensichment broths.

Tamis 1. Effect of posling pre-enrichment broth cultures on Salmonslis recovery from food samples

noculstion Nonfat dey wilk Cocos Drled egy sthumin
jovel® :
{pee g} Pl PrsNiPoNiP+MN] PIP+ENIPSNI P+ 1dN] PIP+SN{P+ NI P+ N
Series §
S0 + -+ + + + + + + +
80 + + + -t - - +1 + +
8 + + + - - - +| +
0.8 + + + - - - + + +
46408 - - - - - - - - -
Sexies I
3,000 + + + + + +
Poy + + + + * +
0.2 + + + + + +

* The most-probsble-pumber estimate (1) of the original Selmonells inccuhum {incculure 1 containing sero-
types Bz, G2 s0d g complex) wis 83,000/ with 55% confidence limits ranging from 15,000 to
380,000/g, The incvulstion level represents a suitable dilution of inceulum 1, inte an otherwise Scimensils-
negative sample, to provide the levels as shown.,

¢ Abbrevigtions: P, positive sample noculated with natusally contaminated dry ensyme deain clesner; N,
negative {uninoculsted) sample; +, Selmonells secovery positive; ~, Suimonells recovery negative.

samaplas. The positive incculated samples were  affecied the recovery of Selmoneiln equally &
detected in pooled pre-enrichment broth cul-  both individual and podled analyses. Detection
tures as effectively as when they were analyzed of Salmonelle in cocos was less sensitive than
individually {Table 1). The lavel of inoculation  in the other two test matenals. & possibly sim-
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tlar antimicrobial effect of cocon on strains of §,
sollingrum and 8. syphimurinm was reported
by Busta and Speck (3.

Bimilarly, Saimonells was detected in wheat
flour, cocomut, and cottonseed flour samples
without loss in sensitivity, with both inoculum
1 and inoculum 2, when single pre-enrichments
were pooled with from 8 to 24 pre-enfichmeants
of uninceniated samples.

Pocled samsples versus pocied pre-envich-
ment broths, Silliker {4) reporied 2 loss in
s@naitivity when several samples were pooled
in 8 large container of pre-envchment broth as
wwpam& to individual saxmple analvsis. This
is not surprising since, to be detected, the des-
jccated and debilitated Saimonelin oslls in &
dried food sample must grow oub in pre-em-
richment broth in competition with other baec-
teriz in the sampls. If many food samples are
pooled at the pre-enrichment siage, the sslmo-
nellse face competition from the flors of sl
the samples in the peol. If, on the other hand,
the samples ars individually pre-enriched, the
actively growing salmonellse might be ex-
pected to compete mors favorably with orgs-
nisms introduced from other samples when
pocied at the enrichment stage. In addition,
pooling pre-envichment broths avoids the haz-
ards and inconvenience of bandling very large
flasks of cudturs.

. A study was wade of Seimonelln detsetion
in pooled samples and pooled pre-enrichment
cultures in the pressnes of added interfering
organisms, i.e., opon-Selmonells bacteris
having eoloniss that resswmble Sslmonells on

the selective agar medis. The study was car-
ried out with nonfat dey milk and egg albf-

min, vsing nocalum 3. About 500 cells each of
four interfering organisms, Preudomonas 8B,
Froteus sp., & lactose-positive Citrobacter
freundii, and a lactose-negative Betheads-Bal-
lerup were added at the pre-enzichment stage.

Pooled samples were prepaved by placing
nine 25-g Selmonella-nepaiive samples and
one 25-g inceulated sample together in 8 aingle
jar containing 2,250 wl of pre-enrichment
broth. A pool of 10 samples was considered o
be a practics] maximum for convenient han.
dling. Pre-enrichment pooling was carried out
gz previpusly shown in Fig. 1 except that 1
pos%&ives and 14 negatives were inchuded in the
pool.

Tabls 2 compares pooling of samples and of
pro-envichment broth cultures for nonfat dyy
miik and dried egg albumin at six levels of
Salmonells incculation. The results show that
& higher number of positives was recovered by
pocling pre-enrichments rather than by pool-

681

Tase 2. Bffect of pooling stage on Salmonells

dedection®
Nonfst dry milk | Drisd eg albumin
Pooled Pooled
Booled | pre-sn- | Pooled | pre-sn-
saunples’ whah- samnples’ rich-
Inoeuistion® {No. menis® {Ne. menis®
fevel {pergh | positive {No. positive {No.
I repli- | positive | Jrepli- | positive
cates) 3 repii- cates) 3 zepli-
cates} cates)
B340 3 8 3 3
420 3 3 3 3
17 2 3 3 3
8 2 3 L 1
8.33 3 2 ¢ 1
887 4] 3 g 2
Total 13718 | 37/ | 8A8 | 13/18

s Approximately 500 culls each of Preudomonas
&p., Proteus ap., Citrabacter freundii, snd Betheada-
Ballerup were added $o the pre-sneichment broth of
sach procedures,

#The most-probable-number cetimate of Saime-
nelle i inoculum 3 {contabuing serofypes 82, B,
b: B, L complex; snd £, L complex) was 2800/g
with 8% confidence Hmite rengivg from 1,000 fo
15,000/p. The incculstion level represents 8 suiiable
difution of ineculum 3 into an otherwiss pegetive
sampls to provide the levels as shown.

¢ Posled samples » one positive and nins negative
samples,

“Posled pre-eurichments » pro-envichment
broths from 1 positive sample and 14 negative sam-
ples.

ing samples. In addition, pre-suvichment pook-
g yisided positives at lower levels of inocule-
B, Similar resulis were found in tests with

Belmonello-inoculated cocos, shredded coco-

nut, and wheat Sour,

The pooling of broth cultures permits small
portions of each individual culture to be re-
tained for subsequent analysis if & positive test
is detected following enrichment, thus main-
fadning the individuslity of each fest sample.
On the other hand, the direct pooling of food
samples into pre-enrichment results in the loss
of individual sample ideatity,

Number of isclates szsmined. Two or
more colonies are picked fom each positive
selactive plate for biechemical and serclogicsl
testing by the BAM Sulmonells wethod (3) to
incrasse the chances of detecting Seimonelin,

By following this procedure, 180 isolates
could be tested if 15 samples were tested indi-
vidually, whereas only 12 isclstes could be
tested at the same rate of picking from a pool
of 15 samples.

To tost ths lmportance of the reduced
number of isolates, 238 isclates were picked st

td
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the wmte of one colony per positive selective
plate from the pooled pre-enrichment culturs
tests of the three food materials: dey milk, egg
albumin, and cocon. Forty-four per cent of the
isolates were Salmonelln. In & similar svalua-
tion of the tests on flowr and coconut, 50% of
72 isolates picked at the rate of two colonies
por plate were Saimonells. The high propor
tion of Seimonells indicsted thet pooled pre-
enrichivent provided an adeguate number of
isolates o detect the presence of Salmonslla.

Whether pooled pre-ensichments are less
sensitive than individual tests in the presence
of interfering organisms probably i8 not
known. For the present, we would recommend
that, #f numercus non-Seimonsily colonies that
resemble Saimonelle on sslective agar media
sre encoumiered in the pooled fest, the re-
tained pre-enrichment ocultures should be
tested individually, Aliernatively, problems
with interfering organisms may warmmt the
use of dirsct selective enrichments, two selec-
tive enrichments, or possibly even a reduction
in the incubstion time of the pre-envichment
cultures,

Effoct of volume of pre-snrichisent broth
transforred. The BAM method (2} for Salmo-
nells detection in egz products calls for the
transfer of 1 mi of pre-enrichment broth cule
ture to 10 mi of enrichment broth. In the mul-
tipls pooling of pre-enrichwment broth cultures
that has been described, I-mi quaniities of cul-
tuses were iransferred, genemily, to 8 volume
of enrichment broth determined by the
number of samples to be pooled to maintain &
fixed pre-enrichment-io-surichment ratio.
Thus, 150 wl of enrichment broth was used to
receive 15 L-ml poolings, 100 ml &y I8 1-mi
poclings, stc. Howsver, for routing lnboratory
operstions, I i& more desirable o dispense
enrichment broth at & consiant volume. Since
the number of samples to be pooled may vary
eonsiderably from time to time, it is important
to know whether variations in enrichment ratio
would significantly affect the detection of
Salmonelis, .

Accordingly, a study was undertaken to test
the effect of 1710, 1/50, and 1/100 snrichment
ratios on the recovery of Salmonells in inocu-
lated food systems. The siudy included svalus.
tion for both pooled semples and pooled pre-

PRICE, OLSEN, AND HUNTER

Arpr, Miorono,

Tasek 3. Effect of enrichment rafio on Salmonelis
desection in incculnted food materials®

Mo, positive/18
fests
Method of detection “%;;Eshmm © it
0 10 | 1100
Pooled pre-envichments ....... EEUE D T T i .1
Pooledsamples .............. 8 8 8

* Chi-square tests and fests for linesr trend be-
tween the npumber of positive tests and the enrich-
ment ratio indicated no significant differences ¢ the
F o 4,08 level.

emrichment broth cultures. Esch pooled pre-
enrichment fest was comprised of 15 5-g
samples, whereas each pooled sample test con-
sisted of 10 28-g samples. Six differsnt tesis
were included for each ratic. Table 3 summa-
rizes the results of this study.

No significant differences in detection were
noted among the three ratios tested a8 mess.
ured by the chi-square test and the test for
linear trend, The tentative conclusion drawn is
that the enrichment mtio over the rangs inves-
tigated and for the food samples testsd {nonfat
dry wilk, dry egg albumin, snd cocoa} was not
gritical to Salmonells detection.

We have also exsmined the affect of I-ml
and Z-ml transfer volumes of the pre-emrich-
ment cultures on Saimonells detection snd
found o significant differences in rogoveriss.
This finding hes prompted the standard use of
2 l-mi fransfer for routine Salmonelle anal-

v5es,
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Satmonella in high-molsture foods -
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Silfiker Laboratarios, Inc., 1304 Halsted Street, Chivage Heights, Tl
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Gasis, D, &, and I, H, SSLIRER. 1976, ICMSF methods studiss. IE Comparison of analytical
schemes for detestion of Saimonella in bigh-moisture foods. Can, 1. Microbiol. 28; 683~

682,

Twenty-one awturally contaminated High-moisturs foed sarnples were anslyzad 1o COMpaTe
the relative efficlency of uging thitteen 45-g, Quee 108.3+g, one 325-g, and one $00-g subsamples
in recovery of salmoneliae, In addition, recovety by precnrichment in lacioss broth was
compared with dirsct selective snrichment in selenite cygting and ietrathionate brilliant ﬁ:’f:m
broths. Agsivsls of precnsiched Jagge juenped subsamples, prepared by, sombiaing T tzgis
55.5 subsemplcs, detestsd positive samples 28 effectively 28 the sualysid of individusl 3-8
gubsamples. gs: the analysis of 23-g sebsamples, direct crrichment defected as many posIIve
Wipts" as prosnrichipent, but in the snalysis of jumpad gubsamples, direet enrichmgst gave
dramatically yedused cesovery. Neverthsless, directly sapiched 25-g subsamples yesuited 10 8
significantly lower Taie of rocovery than precnsiched subsamples, The resulls indicate thal
sualyvsis of 8 single lumped 32k pregnwiched s;ubsmmls ig s afficient in the TesOvery of
salmonslias 38 the analys:s of thirisen 35-2 preenrishied subsamples. Fusther, 118 apparent that
syosarichment of nigh-moisturs foods, such as meat, poultry, and eggs is 10 be recommended
Hver digect sarichment for the detection of sslmonelize.

e A TR

Gazps, D A et . F, SILIEER. 1974, ICMSF muthods studies. 11 Comparison of analytical
%%hemcs for detection of Saimenells in high-molsturs foods, Csn, J. Microbioh 28 863~
3, ’ .

On » snalyss vingt ¢t us dchantillons d'aliments 3 foste lenoir dhumnidité patureliement
contagtings daus Je but de cOmparss sars de Ju recherche ds salmonclies, Pefficaciis rolstive
antye teize prises d'eesal do 35-8, trois ds 308.5-8, gue de 335-g ot une de $00-g. On & auws
cornpard isplement par pré-eprichissement o bouiilon jactosd par rapport 3 Panrichissernent
direce selectif en bouilion séldnitecyeting oV téirsthionate-vert brillant, B0 aualyeant wn
Schantilion pré-enrichi en Blod 20 combingnt phusiours prises dessaj do 23-8, O pet détecter

s des Schantilions positifs aves autznt ge satisfaction gu'en spalysant m@mﬁueﬁim&ﬁ% des prises
dessal de 258 A Tanalyse des. priscs de 25-8 Veprichissement dirset permet de détester
autant de “lote” positily que par pre-carichissement; forague leg prises gopt analysses on blog
Penrichissement dizest 0o permet qu'une wes faible :éwpém@wm Méanmois, i1y 8 un BUR de

récupérstion significativement plug bas dang les prises desssi de 25-g direciment enrichiss par

©

rapport sy prisss préenyichics. 1.8 tésultats indiguent gulune prise &'essaf unigque préenrichis’

en blos g 313 ot ausel SHhcucs pour metire les salmonellss on Svidencs que Tanalyes do
tyeive prives do 43-g préenticiies, 1) rossort de plus que dans jo cas Faliments & forts tensuy ,
&humudité soit la viande, i volaills, les oeufs, le pr enrichigsement et & recommander pet "

¥

sappost 3 Tenrichissoment direct dans tn détection des ealmousties {Traduit per ls journsl}

%4.

‘Simker and Gabis {7) reported that Sabmonello-  high-molsture foods, such 85 meats, poultey, and ™
positive lots of jew-moisture foods could be oggs. The sconommic advantsge ©f fumping
datented with equal certainty by snatysis of sixty sarnples is ebvious; indesd, this approach makes -
25%g individual, fftecn 100-g, OF three 500-g  statistical guality control over the Salmonelle
: %}%mp&d samples. The purpos of the present defect sconomically feasible, particularly for
; imvestigation was 10 determine whethér multiple high-tisk foods where gnalysis of as many &8
‘7{5&% @subsampk;ﬁ could be similarly lumped 10 sixty 25-g subsataples thas been recoramended (5).
¥ igﬁdg large sample wnits for the analvsis of The United States Food snd Drug Administra.
e tiop (12) bas officially recognized the Tamping of -
. multiple 25-g samples 10 produce 375-g samples
Internationsl Commission © Microbiclogicsl Spest-  for analysis. . '
P Morobiaisien Sod ;?ggiﬁ Intervational Assocle- It iy gemerally recoguized that the detéction of
is study way yponsored by the Agrivultuzal Regearch salmonellas in high-meoisturs foods presents
RS ag&i&sﬁm Regional Rsage&§¢h Cméer problems different from those encountered in the
ininan States Lropartment of Agsisulture, UndSt  gnglusls of dried products. In particular, oeats,

et of & cooperative agresment Detwesn ARS and
8%, poultry, and eggs are apt to contain-4args HHms
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bers of competing microorganisms. Consequen-
tly, & sumber of the recommendsd procedures
for the snalysis of such foods specify dirvect
selective enrichment in contrast to preenrichment
which is used in the analysls of dried foods (3, 3,
10, 12 Recently, bowever, Bdel and Kampci«
macher {4) and Moran (persogal communication)
reported that preentichement of meats in & non-
selective medium results in greater sensitivity of
Salmonella detection than does direst selective
sarichment. In the present work, the efficacy of
jumping subsamples was investigsied n cone
junction with the infuence of preenrichment a3
compared to dirsct selective enrichiment.

Materials and Methody

Souree of Samples
All zamples wore frozen raw products, Skeletal meat
sunples were oblained from human food processors.
Crean mest sod organ-sksletel meat mixtures were ob-
ined. froms & pet food proccssor. Sahuonellas in these
samples were natural contaminants.

Semple Preparation

heat, poalixy, and casing samples ware passed onoo
through & mest grinder with & plate contsining holes
# s in dismeter. The samples weve then hand mixed and
reground twice through the meat grinder with a plate
eontaining holes 3 mum fv diameter. Bgr samplsy were
mixed theroughly by hand i & 20-iter can velog & Jarse
ladie. Mixing of the samples was & prefiminary step w
auslysis to promote even distribution of contaminating
organisms within the ssruples as reccived,

Twenty-fvs-gram subsamplos were then wedghed from
each mixed sample in sufficlent number for analysiz. The
23-g subsammples wore randondy selected to form lumped
samples 88 described below.

Sampiing

The acseptance criterie for category T products In the
NRC report (3) wes followsd. Produsts in this eategory
are scespled if thirtesn 255 subsamples aro svalyzed for
Sulmonella and fouond nsgative, Accordingly, 13 of the
255 wuits wore used for analyels a5 fadividus] subsamples.
Thres humped subsamples of 108.3 g each were prepared
by combining four 25-¢ units and weighing sn additions]
8.3-g subsampie from one of the I5g unils. 4’ 3253
Tumped subsample was prepared by combising thirteen
43 units, In addifion, & S00-g subsample was incinded
i view of our previous experience with the analysis of
J0-g dry food samples (7). Thus for each suslytical pro-
cedure, thicteen 25.g, thres [08.%.g, one 325, and ong
500z subssmples were snalyzed. ‘

Bvwichonens Procedures 4
&l samples for nos-selective precmichment were jotro-
duced into suffiviant volumes of lactose broth contslning
1% €vfv) Tergitol Amionic 7 (sodium hepiadesy] sulfate,
Undon Carbids, Chicago) to obtain g 1:10 dilution of the
sample (7} For direct selective encichment, the samples

AN, §. MICROEIGL. VOL. 20, 19%

wers introduced s appropaiate vohumes of eieathiome
broth containing brifliant green dys and sslenite cystine
beoth (7, 10). Al wmedia were obtained from "Difes,
Detrolt, Mickigan. Preowichunent aod girect axrichmens
gultures were incubated 24 k at 350, o

)

Subsslturting of Bnrichmens Cultures »
Coe-milliliter portions of the lactoss preenrichment cul
tures wors transferred to § mi of teirathionale broth and
8 mi of selenite oystine broth, snd thess culttwes wese ines.
bated 24 b gt 350, After incubation, the selecfive dirick.
mient culiures, originating both from lactoss presnrichmeny |
cultwrss and direct sovichment, weré streaked onto brih
Hant green (BQ), Selmonella-Shipelia (S8), and bismuty
sulfite (BS) sgar plates which wers the locubated at 35C,.|
The BS and 38 plates were exemined after 34 b and the ¢
BS plates alisr 48 h. B

fdewsification of Salmonsils K ‘"“atf

Suspect colonies from the selective-difevential agar
plates were identified by conventiona! biochemicd) and:
serglogical procsdures {30), Serological identificativn Wy
sccomplished wsing slide agglutinetions with g8
spacific O antisers and tubs agglutinetions vsing, SpieR
Edwards H antisera (Difeo), oonEnggy

Besults SR,

The Saimonella-recovery patterns of 21 Right.
moisture food samples sre summarized in TEME 14
All samples contained Salmonslia;  howeyer
none of the samples was positive for salmamaiiag:
by all methods. Lactose preenrichment ofithies!
108.3-g subsamples of each sample resultirgnd
the detection of salmonellse in 18 of tﬁéﬁ?ﬁi
semples, Eighteen positive samplés wers 250
detected using direct enrichment in selenites broth ™
of thirteen 25-g subsamples, Preenrichment of$
thirteen 25-g subsamples, 23 well 25 & single 5008
luraped subsample offected the detection g
positive samples. Lactose presprichment .
single 325-g subsample from each sample rey
in the detection of only 14 positive samples,

Dirsct enrichment in tetratidonate broth was
far less sousitive than divect enrichment i sales
nite broth. The use of 25-g subsamples in sellid:
direetly inte tetrathionste broth detected 130
tive samples, but with incressing weightsy:
lumped samples the sensitivity decreased dasdis
tically. With both 325 and 500-g lumped:wpbs
samples direct enrichment in tetrathionstebybh
resulted in the detection of only 2 of 21 positiv
samples, A similar decresse in sensitivity "§v“
noted with lumped saruples inoculated divethy
into selenits broth, NAY

Table 2 summarizes detsiled recovery datp foy
each of the enrichment procedures, nagiel

i W"
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GABS AN SILLIRERS SALMONELLA w 2{!&1&%‘5@1?&% FOOLD

1

fpetose pmmrichmmt, diveot epichunent intetrs-
ghionats proth, OF divect enrichment 0 selenite
soth. extimation of the jevel of salmoneliae
has beed made for samples with 2 low lovel of
ptamination- Atotalof 1475 8 of each product
gpalyzed USIIE {gciose pm@nﬂchm@m:. A:%v
positive result from the Hghtly
wmaminmd subsample wes derived from &
dogle Salmonelia, thep from the total nomber 0}
sitive subsamples from shat product sn sst-
mated minimum Salmonella Yevel per 123 grams
may be caloulated. For exsmple, 0 the s§sgmzd
chicken sample there Wers two positives 12 the
9%.g sybsamples, HOBE i the 325-g, and ono it
the S00-8 subsampls. The sstimated minimum
aumber of sgimonellas Was calculated (o bs 0.34
per 127 grams pesed on four positives in 1475 g
of product (4:1475: X125, The estimation is
ade for the level of Salmonelia in 123 g, Sines
aecording 1o (e aCOTPIBNCE criteria in the NRC
geport (5% negative cesults of thivtesn 23-g sub-
samples indicaies probebility of soout 357
ghiat the level of contapination is 1O greater than
one orgapism ig 125 g Stated differently, only
poe time in 20 should there be failure to isolate
Salmonella from & sample containing oue Organ-
s in 1258 iF 335 g of the saraple I8 anslyzed,
CWhen 23-8 subsamples were used, no sample
comalning > | prganism 1 125 g was found neg-
ative by any of the three eprichment procedures.
Fyether, when lactose preeurichmpent was uaed
so sample contalning w1 Salmoneliz in 125¢g
was found negative by the other thres sampling
? fxg%ﬁuresg i.e., three tumped 108.3-g oF gingie
urmped 325-g and 500-8 subsemples. The results

-+ for lumped samples directly enriched in teira-
thionate and selenite broths, bowever, Wit guile
&ifferent. Nine samples gontaining > 1 Salmonel
{ﬁ i 125 g were negative in ope of mors instances
i which lumped samples were directly enriched
a8 ;etmthigmm broth, Similarly, siX of the
. samples contaiging > 1 Sotmonella in 123 g were
. " found negative jn one Or MmoTe Cases when lamped

- samples were suriched directly in selenite broth.

% Froma the foregoiug it may be concluded that

g Eibe lsvel of salmonellacin g given sumple is >1

»

: i‘ii’{ in 125 g, voe may expect 10 detest that sammple
g positive if thirteen 23-8 subsamples are ana-
; by either lactose preenrichment of dhrest
chment ix either tetrathionats of selenite
ith, Tt would be wxpected thet the sample
ﬁ slso be found positive if a like amount of

W

product Were apslyzed using three lumped
108.3-g suosamoples o 088 mmped 3358 sub-
sample, bul only if these jumped subssmples
wers pwemichsé, The dats indicate ¢hat anatysis
of such twmped swbssmples through direct so-
richment in either tetrathionate of gelenite broths
would give 2 significant mumber of negative
results.

This perplexing l0ss of gensitivity when lumped
gamples wers directly coriched was studied fur-
ther. Considezation Was given to the fact that 13
asts of differential piates Weit streaked when 258
subsamples were enviched; whersas only three

38 WEre inoculated from the three 108.3-g

umped subsamaples and only one &8l from the

325.5 lumped subsample. Accordingly, thret
samples (pork Lver, pork spleett, and chicken)
each of which was gatarsily sontaminated with
saimonellae, WeIt inoculated direetly into ietrgr
thionate broth. jostead of subculturing the wspal
shree sots of plates froxs the three 108.3-g sub-
samples, four sets of plates were streaked from
swo of the tetrathionate enrichment culiures and
five from the third, giving & total of 13 sets of
differential plates from the three 108.3-g sub-
saroples. Similarly, 1% sots of plates weIt streaked
feom the single 325-8 tomyped gubsample, Thus,
the sume mumbEr of differential 8887 plates
were examined for each series of gubsamples.
Recovery rosults gave 1@ indication that the
iuferior Tepovery of calmonellac from lumped.
108.3-g and 323-8 subsamples could be OVEIComS .
by streaking 13 Tastead of 3 sets of platet. )
The poseibility that the wse of lomped sub-
saraples resulted in pvergrowth of pon-salmonel .
1ge was investigsted. Quantitative determinations
of total Enterobacteriacess Wers carried out {10}
on each of the tetyathionate cultures, Thets was
a0 sigoificant difference hetween the pumbers of -
Poterobacteriaceas in the ipcubsted 25-g subs .
samples and thoee for either the 108.3 and 335-g -
gubsamples, Furthermors, shere was no jndicas '
tion of significantly different lovels of Bnierd-
bacteriacens i Salmonella-positive tetra-
thionate cultures compared with those in the
Salmonella-negative cultures.  Similar  experi-
ments wers pot conducted on ssmplss directly
enriched in selenite broth, The loss in sensitivity
cesolting from the direst inocwiation of seleaile
and tetrathionate broths remnsing puexplained.
Wheress Salmeonela-positive samples CoB~:
taiping »1 cell in 125 g can be detected as posi-
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tive if thirtesn 25-g subssmples are gualyzed
ejther by lactoss preenrichment oy by dlrect en-
cickment in either tetrathionats or selenite broths,
2 striking aspect of the results is the preater sen-
gitivity of the lactose preenvichment procedute,
In copsidering the 25-g subsamples only, 30.2%
of the 373 mest samples were found positive
using presurichment, o contrast, direct earich-
sment in teteathionate sud sclenite broths sesulted
in oply 23.87 and 34.1% positive tests, respec.
tively. ‘The difference between. precorichment
followed by selective enrichment and selective
envichment without presurichment is highly
significant (P <« 0001}

Diiscussion

The results clearly indicate that lumplng of
35-g subsamples to produce larger samples for
analysis is &3 sensitive for the detection of positive
samples as is the analysis of individual 23-g
subsumples. This finding perallels the results of
out previcus study (7) on dried foods. The im-
portance of this is obvious and has been discussed.

The present findings indicsts that high-
moisture foods should be presnriched in 2 none
selective medium. This Is generslly not done in
the analysis of such products a3 eggs, meat, and
poultry (1, 2, 10). The first edition of Recom=
mended methods for the micrebiclogicel examing-
tion of foods (1), published in 1938 by the Amei-
cau Public Health Associstion (APHA), pre
geribes divect enrichment of food in selenile
broth. This, however, was before North's (8}
recognition that preemrichment of dried egg
albumen in lactose broth iocressed sobseguent
sensitivity of direct enrichment procedures. Since
that time, the advantage of preenrichment of
dried foods has been widely sppreciated, The
second edition of the APHA book on microbic-
logical mothods (2), published in 1966, suggestaa
possible udvantsgs of presnriching dried cpgs
and other dehydrated foods but-makes no meds
tion of enrichment procedures for bigh-moisture
foods, Thatcher and Clark (10) indicate that
non-selective corichment is not required for raw
mest, poultry, and unpasteurized eggs. The
Microbiviogy lnboratory guidebook of the United
States Department of Agriculture (11), published
o 1969, states that ordiparily raw meat is inocu-
jated directly into tetrathionate broth, but adds
parenthetically “a lactose pre-envichment step

AN, 3. MICROBIOL, VOL. 20, 1974

ey boused at the diserction of the investigator,™y .
A private communication (A. Morag, USDA
ndicates that the USDA lsboratories have, inf
fact, practiced non-selective sprichment in lactose;
broth sinoe 1967, Published reports from USDAY
laboratories indicate that non-selective emrichf.
ment s used (8, 9). The latest edition of-they .
Bacterivlogical analvtical manual of the United ..
States Food and Drug Administration (3) states
that raw foods and fuished products that have:
been grossly contmminated after processing’
should be examined by direst enrichment in'y
solective broths, N

Edel snd Kampelmacher (4) roported that i}
the snalysis of 150 naturally contaminated meat |
samples, 91.67 of the total numbet-of positivel)
samples were detected as positive by presupiched

7 S

ment in buffered peptone water, followedsdy™
selective enrichment in tetrathionate brothgopdt.
taining brillient green, the latter incubated g
43¢, On the other hand, only 69.4% of theguialil"
positive samples were detected by direct mﬁ‘m«i
ment in tetrathionate broth incubated abh 4364
‘The present vesults are in agreement with thosg
of Bdel and Kampelmacher, Clearly the exdmi
nstion of raw meats, poultry, and eggsafor
saimenellae should involve preenrichments el
samples in 8 nog-selestive medium,

v b e
a0 Y
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