Gui delines for Escherichia coli Testing for Process Control Verification in
Cattl e and Swi ne Sl aughter Establishnents

| NTRODUCTI ON

Under the Pat hogen Reducti on/ HACCP Regul ati on, sl aughter establishnents are
required to test carcasses for generic E.colias a neans of verifying process
control. This docunent outlines sanpling and m crobial testing procedures
that would neet this requirenent. These guidelines may be hel pful to your
conpany m crobi ol ogi st or analytic |aboratory. This docunent is a

suppl enent to the Regul ation but not a substitute; in-depth details of

m crobial sanpling and testing may be found in the Regul ation.

Backgr ound

These gui delines describe a nondestructive sponge techni que for sanple
collection fromraw cattle and swi ne carcasses. The Pat hogen
Reducti on/ HACCP Regul ati on anticipated that this nondestructive techni que
woul d be used wth sanples taken fromthe sane point in the slaughter
process as were the sanples in the FSI'S Nati onwi de M crobi ol ogi cal Baseline
Data Col l ection Prograns. It was envisioned that a conversion factor would
correlate sanple results fromthe sponge nethod to results fromthe

exci sed-ti ssue nethod used in the baseline studies. Performance criteria
derived fromthe baseline studies - with acceptable, nmarginal, and
unaccept abl e ranges - woul d then be applied to establishment sanple results
obt ai ned by the spongi ng nethod. Analysis of recent data, however, has not
been able to determ ne such a conversion factor for the two nethods. For
this reason, the regulatory criteria described in the Regulation remain

rel evant only to excised-sanple results, upon which they were based.

Consequently, the Agency is requiring that establishnents test for generic
E.coliand enpl oy standard statistical process control measures to
denonstrate that their operations are in control, until such tinme as new
baselines are established with the spongi ng nethod. Al so provided here in
an Addendum are the sanpling and anal ytical techniques, using excised

ti ssues, that were enployed in the FSIS baseline studies; establishnments
may use the excised-tissue technique and apply the performance criteria
originally defined for their specific operations.

Statistical Process Control - An Overview
The statistical process control approach required by the Agency is based on

the principle that every product is produced by a process. Al processes
are subject to variation, which should be



understood and controlled by statistical nmethods. A process that is in
control is stable in terns of average | evel and degree of variation, i.e.,
it is predictable within limts and is thus "doing its best." Processes

t hat have not been subjected to analysis are not likely to be in control.
Control is attained, often by degrees, by detecting and elimnating speci al
causes of variation, those not present all the tinme or not affecting al
product output. This involves initially evaluating data to determ ne
process capability (the typical process performance |evel), and then
checki ng subsequent data to see if they are consistent with this baseline
level, i.e., the process is in control and variations are within normal and
acceptable limts. This is acconplished by checking for unreasonably high
results, trends, etc., and | ooking for and correcting problens in the
process when these signals occur.

It is inportant to recognize that an in-control process may not necessarily
result in product of the desired quality inprovenents nmay be needed or the
entire process may require reconsideration. Problens in a process may stem
from many sources, for exanple: inadequate know edge of how a process
shoul d work or how a specific process is performng; errors or deficiencies
in executing procedures; failure to recognize the need for preventive
measur es; unnecessary conplexity in the process; and uncontrolled variation
anong i nputs.

Specific techniques of statistical process control include the tine plot,
whi ch charts nmeasurenents over tine; this is the first technique to use
with data collected over tine and anal yzed for patterns. A further

devel opnment is the control chart, which plots data over tine but al so

di spl ays an upper control limt for specific neasurenents, and a
centerline, above and bel ow which there is an equal nunber of sanple
results (the centerline is in effect a nmedian average). A sanple result
above the upper control limt would indicate the Iikely presence of a
speci al cause of variation that should be addressed. Results within control
[imts indicate sinply that the process is in control. Control charts have
two essential uses: after-the-fact analysis of process performance and

gai ning and mai ntaining control of a process. In nost situations nore than
one type of control chart would be applicable; detailed information can be
found in texts on statistical quality control, under the topic "control
charts.™

In general, statistical process control techniques help to provide
experience in "process thinking" (a central tenet of HACCP), devel op an
hi storical record of performance, evaluate the long-termstability of a
process and determ ne process capability (i.e., howit is actually
wor ki ng), and judge the effectiveness of process inprovenment actions.

Ceneric E.coli testing conducted as part of statistical process control
will not be directly useful for attaining and mai ntaining control of a
process, as test results will conme fromthe end of the process and in any
case woul d not be tinely enough; observations nade earlier in the process
woul d be nore useful for attaining and maintaining control. Rather, E.col
testing would serve to verify process control. Process control techniques,
applied and verified in this manner, would acconplish the essential intent



of the Regulation by integrating process control and mcrobial testing into
sl aught er operati ons.

GUI DELI NES FOR SAMPLE COLLECTORS/ M CROBI OLOd STS

Pre-sanpling Preparation

Sanpl e collection shall be conducted by the individual (s) designated in the
establishnment's witten procedures for m crobiological sanpling, as
required by 9 Code of Federal Regulations (CFR) Part 310.25(a)(2)(i). These
procedures shall also specify the |ocation of sanpling, the random sanple
sel ection nethod chosen by the establishnment, and sanpl e handling
procedures that will ensure sanple integrity.

Bef ore begi nning sanple coll ection, assenble sanpling supplies, such as
sterile gloves, sterile sanpling solutions, hand soap, and sanitizing
solution, as well as specific materials needed for sanpling different
carcass types (i.e., specinen sponges in bags and tenplate for sanpling
cattle or swi ne carcasses).

For cattle and swi ne carcass sanpling, a tenplate is reconmmended to mark
off the area to sanple. The tenplate can be nade of any suitable material,
such as netal or alumnumfoil, brown paper, or flexible plastic. Sonme

di sposabl e tenplates may be sterilized and individually prepackaged. To
make a reusable tenplate, cut out a 10 centinmeters (cnm) x 10 cm (3.94
inches x 3.94 inches) square froma sheet |arger than the area to be
sanpled. (See Figure 1). If a reusable tenplate is used, it wll need to be
sanitized with an approved sanitizing solution [e.g., hypochlorite (bl each)
solution or alcohol]; however, the tenplate needs to be dry before it is

pl aced on the carcass. Alum numfoil or paper tenplates can be used once
and di scarded; foil or paper used for the tenplate should be stored so as
to prevent contam nation. Sincethe area enclosed by the tenplate will be
sanpl ed, take care not to touch this area with anything other than the
sanpling sponge. Using dirty or contam nated material may | ead to non-
representative results. If an autoclave is avail able, paper or alum num
foil tenplates can be wapped in autocl avabl e paper and sterili zed.

Sterile sanpling solutions, such as Butterfield s phosphate diluent (BPD)
or buffered peptone water (BPW, can be stored at roomtenperature,;
however, at |east the day before sanple collection, check such solutions
for cloudiness and do not use solutions that are cloudy or turbid or that
contain particulatematter. Place the nunber of containers of sanpling
solution that will be needed for the next day's sanpling in the
refrigerator.

To obtain the nost accurate results, sanples should be analyzed as soon
after collection as possible. If sanples nust be transported to an off-site
| aboratory, they should be refrigerated and then shipped refrigerated, on
the sane day they were collected, via an overnight delivery service to the
| aboratory. A sanple should arrive at the | aboratory and be anal yzed no
|ater than the day after it is collected.

| f sanple collection, pick-up or shipnment, and | aboratory anal ysis cannot
be carried out within this tinefranme, the carcass selected for sanpling



shoul d be held until the process can be acconplished in the appropriate
span of tinme. The sane principle applies for sanples that are anal yzed
in-plant: If a carcass cannot be sanpled and the sanpl e anal yzed by the day
after it is taken, the carcass should be held until this is possible. A
col |l ected sanpl e should not be held; it should be either analyzed in-plant
by the next day or inmediately shipped for overnight delivery to the

| aboratory that will conduct the anal ysis.

The Sanpl e Shi pnent section bel ow gives informati on on shi pping containers
and transporting sanplesto off-site facilities.

Sanpling frequency

Sanpling frequency for E. coli testing is determ ned by production vol une.
The required mninumtesting frequencies for all but very | ow production
vol une establishnments are shown in Table 1 by type of livestock. An
establ i shment need sanple only the predom nant species when two or nore
speci es are sl aughtered.

Table 1. E. coli Testing Frequencies

Cattle 1 test per 300
carcasses, or at
| east 1 test per week

Sw ne 1 test per 1,000
carcasses, or at
| east 1 test per week

NOTE: These testing frequencies do not apply to very | ow vol une
establi shnents. See Table 2.

Very | ow vol une establishnments

Sonme establishnents may be classified as very | ow vol une establishnents.
The maxi mnum yearly slaughter volunmes for very |ow vol une establishnments are
described in Table 2. An establishnent need sanple only the predom nant
speci es when two or nore species are sl aughtered.

Tabl e 2. Maxi mum Year|ly Livestock Slaughter Vol unmes for
Verv Low Volune Establishnoents

Type of Criteria (Yearly Sl aughter Vol une)

Li vest ock

Cattle not nore than 6, 000 head

Swi ne not nore than 20, 000 head

Cattle and not nore than 20,000 total, with not nore

Swi ne than 6,000 cattle

A very |l ow volune establishnent will sanple the predom nant species once
per week beginning the first full week of operation after June 1, until at
| east 13 test results have been obtained or the follow ng June 1, whichever



is first. The establishnment will repeat the sane sanpling regi me once per
year, beginning the first full week of operation after June 1

If a very |l ow volune establishnent is using the excised-sanple techni que
and is slaughtering a type of livestock for which performance criteria have
been determ ned, the establishnment nust continue sanpling once per week
until results showthat it has net the mMMcriteria outlined in the

Pat hogen Reducti on/ HACCP Regul ati on. See Addendum bel ow.

Random sel ecti on of carcasses

Sanples are to be taken randomy at the required frequency. For exanple,
given that the frequency of testing for cattle is one test per 300 cattle
sl aughtered, if a plant slaughters 150 head of cattle an hour, one sanple
wll be taken every two hours. Note: If nore than one shift is operating at
the plant, the sanple can be taken on any shift.

Cattl e and swi ne carcass sel ection

Different nmethods of selecting the specific carcass for sanpling could be
used, but all require the use of random nunbers. Exanpl es of nethods

i ncl ude random nunber tables, calculator- or conputer-generated random
nunbers, or draw ng cards

The carcass for sanpling should be selected at randomfromall eligible
carcasses of the predom nant species. If there are multiple lines or
chillers, randomy select the line or chiller for sanple collection for
that interval; each line or chiller should have an equal chance of being
sel ected at each sanpling interval. Both the "leading" and "trailing" sides
of a carcass should have an equal chance of being selected wthin the
relevant time frame (based on the sanpling frequency for the plant).

Cattl e and swi ne carcasses may be designated for sanpling at any tine, but
sanpl es should be collected at the end of the slaughter process after
chilling for at least 12 hours; hide-on or hotboned swine or cattle sanples
shoul d be collected after the final wash.

Aseptic techni ques/sanpling

Extraneous organi sns fromthe environnment, hands, clothing, sanple
cont ai ners, sanpling devices, etc., may contam nate sanples and lead to
non-representative analytical results. It is necessary to use aseptic
sanpling techni ques and cl ean, sanitized equi pnent and supplies.

An area shoul d be designated for preparing sanpling supplies. A stainless
steel, wheeled cart or table would be useful during sanpling. A small tote
or caddy could be noved to the location of sanpling and used for carrying
supplies; sanple bags could be placed on the tote or caddy when sterile
solutions are added to the bags.

Sterile gloves should be used for collecting sanples. Nothing should
contact the external surface of the glove except the exposed sanpl e being
collected or the sterile sanple utensil (specinen sponge). Keep in m nd



that the outside surfaces of the sanple container are not sterile. The
foll ow ng procedure for putting on sterile gloves can be foll owed when
col | ecting sanpl es:

a) Peel open the package of sterile gloves fromthe top w thout
contam nating (touching, breathing on, contacting) the exterior
of the gl oves.

b) Renove a glove by holding it by the inner surface of the
wri st-side opening. Avoid any contact with the outer surface of
the glove. Insert the washed and sanitized hand into the gl ove,
taking care not to puncture the glove.

c) Taking care not to contam nate the exterior surface of the
gl ove, repeat the above step for the hand you will use to
physi cal ly handl e the sanpl e.

d) If at any time you are concerned that a gl ove may be
contam nated, begin again with step a) above.

Preparation for Sanple Collection

On the day of sanpling, gather all sanple collection bags, sterile gloves,
sanitizer, hand soap, sterile solutions for sanpling, and specific

mat eri al s needed. Ensure that all sanpling supplies are on hand and readily
avai | abl e before begi nning sanple coll ection.

Label the sanple bags before starting the sanpling procedure. Use permanent
ink. If you are using paper labels, it is inportant that the |abel be
applied to the bag at normal roomtenperature; it will not stick to the
sanple bag if applied in the cooler.

Quter clothing such as frocks, gloves, or head gear worn in other areas of
the plant should be renoved before entering the sanpling area or preparing
to collect sanples. Replace outer clothing with clean garnents, such as a
| aboratory coat, that have not been directly exposed to areas of the plant
out si de of the sanpling area.

Sanitize the sanple work area surfaces by wiping wwth a cl ean di sposabl e
cloth or paper towel dipped in a freshly prepared 500 ppm (parts
per-mllion) sodium hypochlorite solution (0.05% sodi um hypochlorite) or
ot her approved sanitizer that provides an equival ent available chlorine
concentration. The sanple work area surfaces nust be free of standing
liquid before sanple supplies or product containers are placed on them

Bef ore sanpling, thoroughly wash and scrub hands to the m df orearm Use
anti bacterial hand soap. This procedure should include a sanitizer at 50
ppm equi val ence avail able chlorine, if available. Dry the hands using

di sposabl e paper towels.



Cattle and Swi ne Surface Sponge Sanple Collection Procedure
Mat eri al s:

1. Sterile specinmen sponge in sterile Wirl-Pak® type bag or
equi val ent[approximately 1 1/2" x 3" x 5/8" after hydration)

2. 25 mM sterile sanpling solution (e.g., Butterfield's
phosphate diluent [BPD] or sterile buffered peptone water
[ BPW)

3. Sterile ziplock-type or stomacher bag

4, Tenpl ate for 100 CMsanpling area

5. Sterile gloves

6. Sani tizing solution

7. Smal | tote or caddy for carrying supplies

8. Wheel ed | adder, platform or step | adder

Col | ecti on

A sterile (non-latex, non-bactericidal) sanpling sponge, which is usually
dehydrat ed and prepackaged in a sterile bag, wll be used to sanple al
sites on the carcass. The sites are for cattle: flank, brisket, and runp -
see Figure 2 (for hide-on calves: inside the flank, inside the brisket, and
inside the runmp); for swine: belly, ham and jow - see Figure 3. It is

i nportant to sponge the areas in the order of |east to nost heavily

contam nated in order to avoid spreading any contam nati on. Therefore,
sponge the areas in the sequence indicated in this sanpling protocol.
Nondestructive surface sanpling should be conducted as foll ows:

1. Ensure that all supplies are on hand, including the sanpling
tenpl ate, and that all bags have been pre-|labeled. The information
needed for each sanple includes the type of l|ivestock sanpled, the
date and tine of sanple collection, and, if there is nore than one
sl aughter line, the slaughter |line fromwhich the sanple was
collected. (An assistant nmay be hel pful during the sanpling process.)

2. If a reusable tenplate is used, imerse the sanpling tenplate in an
approved sanitizing solution for at least 1-2 mnutes. Just before
sponging the first sanple site on the carcass, retrieve the sanpling
tenplate fromthe sanitizing solution (step 12). Shake excess
solution fromthe tenplate and let dry, then protect the portion of
the tenplate that will contact the carcass from contam nation

3. For cattle: Locate the flank, brisket, and runp sanpling sites using
illustrations and directions in Figure 2 (cattle carcass sanpling
| ocati ons).



10.

11.

12.

13.

14.

15.

For swine: Locate the belly, ham and jow sanpling sites using
illustrations and directions in Figure 3 (sw ne carcass sanpling
| ocati ons).

Wil e hol ding the sponge bag at the top corner by the wire closure,
tear off the clear, perforated strip at the top of the bag. Open the
bag.

Renove the cap fromthe sterile BPD/BPWbottle, being careful not to
touch the bottle opening. Do not contam nate the |id.

Carefully pour the entire contents of the sterile BPD/ BPWbottle
(25m ) into the sponge bag to noisten the sponge.

Close the top of the bag by pressing the wire closures together. Use
hand pressure fromthe outside of the bag and carefully massage the
sponge until it is fully hydrated (noistened).

Wth the bag still closed, carefully push the noistened sponge to the
upper portion of the bag, orienting one narrow end of the sponge up
toward the opening of the bag. Do not open the bag or touch the
sponge with your fingers. Hold the bag and gently squeeze excess
fluid fromthe sponge using hand pressure fromthe outside. The

whol e- noi st ened sponge should still be in the upper portion of the
bag, with the excess BPD/BPWin the | ower portion.

Open the bag containing the sponge, being careful not to touch the
i nner surface of the bag with your fingers. The wire closure at the
top of the bag should keep the bag open. Set bag asi de.

Put on a pair of sterile gloves (use procedure on pp. 6-7).

Carefully renove the noi stened sponge fromthe bag with the thunb and
fingers (index and m ddle) of your sanpling hand.

Wth the other hand, retrieve the tenplate by the outer edge, taking
care not to contam nate the inner edges of the sanpling area of the
tenpl at e.

For cattle: Locate the flank sanpling area (Figure 2). Place the
tenpl ate over this |ocation.

For swine: Locate the belly sanpling area (Figure 3). Place the
tenpl ate over this |ocation.

Hold the tenplate in place with one gl oved hand (Renenber, only the
sponge shoul d touch the sanpling area. Take care not to contam nate
this area wth your hands.)

Wth the other hand, w pe the sponge over the enclosed sanpling area
(10 cmx 10 cm for a total of approximately 10 tinmes in the vertical
and 10 tinmes in the horizontal directions. The pressure for sponging
woul d be as if you were renoving dried blood fromthe carcass;



16.

17.

18.

19.

however, the pressure should not be so great as to crunble or destroy
t he sponge. (Note: The tenplate nmay need to be "rolled" fromside to
side during sponging since the surface of the carcass is not flat.
This ensures that the 100 cnf area is encl osed while sponging.)

For cattle: Repeat steps 14-15 for the brisket area, using the sane
side of the sponge used for the flank.

Then, repeat steps 14-15 for the runp area, using the side of the
sponge opposite that used for the flank and brisket.

For swi ne: Repeat steps 14-15 for the ham area, using the sane side
of the sponge used for the belly.

Then, repeat steps 14-15 for the jow, using the side of the sponge
opposite that used to sponge the belly and ham

For cattle: After sponging the brisket and runp areas, carefully
pl ace the sponge back in the sponge sanple bag, taking care not to
touch the sponge to the outside of the sanple bag.

For swine: After sponging the hamand jow areas, carefully place the
sponge back into the sponge bag. Do not touch the surface of the
sponge to the outside of the sponge bag.

Press wire closures of the sponge bag together, expel excess air,
then fold down the top edge of the bag 3 or 4 tinmes. Secure the bag
by folding the attached wire tie back agai nst the bag. Place the

cl osed sponge bag into the second bag and cl ose the second bag
securely.

a) | f sanples are to be analyzed at an on-site | aboratory, begin
sanpl e preparation (Analytical Methods section)
b) | f sanples are to be anal yzed at an outside (off-site)

| aboratory, follow procedure in the Sanple Shipnent section.

Sanpl e Shi prent
If on-site facilities are not avail able, sanples should be shipped to an
outside | aboratory the sane day they are coll ected.

Sanpl es shoul d be anal yzed no |l ater than the day after collection.

Shi ppi ng contai ners and cool ant packs

| t

is inmportant that sanples fit easily into the shipping containers so

that the sanple bags do not break. Correct use of coolant gel-ice packs and
proper packing of the shipping container are necessary so that sanples
arrive at the |aboratory at an acceptable tenperature (0-10°C). Mai ntai ni ng
sanpl es at inproper tenperatures may cause inaccurate results.

The sanpl e shoul d be kept refrigerated, not frozen, in the shipping
container before it is picked up. The shipping container itself should not
be used as a refrigerator; however, nmultiple sanples (if needed) for that



day nmay be stored in the open shipping container in the cool er or
refrigerator.

Recommended Procedure

1

4.

Prechill shipping container by placing the open shipping container in
the refrigerator at |east the day before sanpling.

Pl ace the appropriatel y-1abel ed, doubl e-bagged sanple(s) in the
prechilled shipping container in an upright position to prevent
spil |l age. Newspaper may be used for cushioning the sanple and hol di ng
it in the upright position. If nore than one sanple is collected
during the day, take steps to ensure that sanples are naintained at
refrigeration tenperature, as this helps limt nultiplication of

m cr oor gani sns.

Pl ace a corrugated cardboard pad on top of sanple(s). This corrugated
cardboard pad prevents direct contact of frozen gel packs with the
sanpl es. Next place the frozen gel pack(s) on top of the corrugated
pad. Use sufficient frozen coolant to keep the sanple refrigerated
(0-10°C) during shipnment to the designated | aboratory. Insert foam
plug and press it down to mnimze shipper head space.

Ship sanples to the | aboratory via overnight delivery or courier.

Suggested Criteria for M crobiol ogi cal Laboratories

These suggestions are not neant to be exhaustive. Specific needs wll vary
from one processor to another.

Per sonnel

Bot h | aboratory anal ysts and supervi sors nmust have education, training, and
experience in food m crobiology. Specific faniliarity with nmeat slaughter
operations woul d be desirable. Personnel should be well versed in nethods of analysis for
meat sanpl es and the organi sns associated with neat products.

Facilities

Laboratory facilities should be suitable for conducting routineand
speci al i zed m crobi ol ogi cal anal yses and shoul d provi de adequate bio-safety
precautions. It is crucial that the | aboratory maintain separate, defined
areas for sanple receipt, preparation, and anal ytic work.

Equi prnent

The | aboratory shoul d have suitabl e equi pnent, appropriate preventive

mai nt enance prograns,readily avail abl e equi pnent manual s, and | og books for
docunent ati on. Specialized equi pnent nay be necessary for sone
appl i cations.



Oper ati ons

The | aboratory should have in place a witten quality assurance (QA)
programthat is available to all enployees. The QA program shoul d incl ude
bi o-safety equi pnent, nedi a preparation, m crobiological nethods and
procedures, control prograns, equipnent control, culture maintenance,
sanpl erecei pt, handling, result reporting, and record keeping.

Recor ds

Records should contain a conpl ete sanple description, including condition,
source, |lot code, date, quantity, etc. Results should be reported pronptly
and all data and summaries permanently recorded with the results.

Anal ytical Methods

All sanple anal yses nmust begin the day after collection. Sanples nust be
anal yzed using one of the Ecoli (Biotype |I) quantitation nmethodsfound in
the Official Methods of AOAC International, 161ledition, 3" revision
1997. O, by any method that is validated by a scientific body in

col | aborative trials against the 3-tube Mdst Probable Nunber (MPN) nethod
and that agrees with the 95% upper and | ower confidence limts of the
appropriate MPN i ndex.

The foll ow ng nmethods for generic E.coli quantitation in foods have been
AQAC- appr oved:

1) 3-tube MPN nmethod - AOAC 17.2.01-17.2.02

2) Modified 3-tube MPN nethod - AQAC 17.3.07 - Substrate Supporting
Di sc Method (Col i Conpl ete®) . Coli Conpl ete® Substrate Supporting Discs
are available from Bi oControl Systens, Inc., 19805 North Creek

Par kway, Bothell WA 98011.

3) Modified 3-tube MPN nethod - AQAC 17.4-01 - Fluorogenic Assay for
A ucuroni dase. Lauryl sulfate tryptose broth with added

4-met hyl unbel l'i feryl -B-D-gl ucuronide (MJG is used in a 3-tube MPN
met hod.

4) Plating Method - AOAC 17.3.04 - Dry Rehydratable Film (PetrifilmE
coli Count Plate) Method. Medical -Surgical Division/3M 275-5W 3M
Center, St. Paul M\ 55144.

5) Filtration/Plating Method- AOAC 17.3.09 - Hydrophobic Gid
Menbrane Filter/ MJG (1 SO GRID) Method. QA Life Sciences, Inc., 6645
Nancy Ridge Dr., San D ego CA 92121.

Not e: For nost quantitative assays, weekend | aboratory work can be kept to
a mnimmby refrigeration of incubated plates/tubes until Mnday. A
programmabl e refrigerated i ncubator is useful in such cases. For
comercially avail abl e net hods fol |l ow manufacturer's recomendati ons.



Suggested quantitation schenes

If a generic 1 milliliter (m) plating technique is used for E.col
guantitation for cattle or swi ne carcass sponge sanple analysis, the
average plate count (if 2 plates are used) or the single plate count (if 1
plate is used) would be divided by 12 to equal the count of colony form ng
units per cnf. Record this value even if it is less than 1 cfu/cm For
cattle sanples the undiluted sanple extract (10°) and a 1:10 dilution
shoul d be plated, preferably in duplicate. For sw ne sanples the undiluted
sanpl e extract (10°), a 1:10, a 1:100, and a 1:1, 000 dilution should be
pl ated, preferably in duplicate. H gher or lower dilutions may need to be
pl at ed based on the specific product.

| f a hydrophobic grid nenbrane filtration nethod is used, the only
difference would be filtration of 1 m of the undiluted sanple extract

(10°) and 1:10 dilution for cattle sanples and 1 ml of the 10° - 10°
dilutions for swine sanples. Additional dilutions of the original extract
may need to be used if a 3-tube MPN protocol is used. The 3 hi ghest
dilutions that were positive for E. coli are used to calculate the MPN. MPN
values fromthe appropriate MPN Tabl e represent the count per m of

original extract and therefore nust be divided by 12 to obtain the count

per cnt of carcass surface area. Record this value even if it is less than
1 cfu/cnf.

Recor dkeepi ng

Each test result must be recorded in terns of colony formng units per
square centineter (cfu/cnR). Record this value even if it is less than 1
cfu/cnf. A process control table or chart can be used to record the results
and facilitate evaluation. Results should be recorded in the order of
sanple collection and include information useful for determ ning
appropriate corrective actions when problenms occur. The information needed
for each sanple includes date and tinme of sanple collection, and, if nore
t han one sl aughter |ine exists, the slaughter line fromwhich the sanple
was col |l ected. These records are to be maintained at the establishnent for
12 nont hs and nust be made avail able to I nspection Program enpl oyees on
request.

For E. coli testing to be nost useful for verifying process control,
tineliness is inportant and the record should be updated with the receipt
of each new result. Records should al so be kept of any corrective actions
taken if process control deviations are detected through m crobi ol ogi cal
testing.

Not e: Qccasionally, sanples shipped to off-site | aboratories may be | ost
during shipping or may arrive at the |laboratory |late or outside the
acceptabl e tenperature paraneters for sanple analysis (0-10@). Any reasons
for m ssing data should be docunent ed.



Figure 1. Exanple of sanpling tenplate (not drawn to scal e) 15
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Figure 2. Sanpling | ocations for

Rump

Fl ank

car casses
Locate the posterior aspect of
t he aitch bone. Dr aw an
i magi nary l'ine t owar d t he
achilles tendon. At the point
where the Iline intersects the

cut surface of the round is the
starting point for the runp
sanmple. Measure 10 cm up the
line leading to the achilles
t endon, t hen 10 cm over
(laterally), then 10 cm back to
the cut surface of the round,
then 10 cm al ong the cut surface
to form the 10 cm by 10 cm
square area.

Not e: The upper illustration has
been purposely altered sonewhat.
A true lateral view of the
carcass would not show the aitch
bone. From a nedial view, the
whole 10 cm x 10 cm sanpling
area coul d not be seen.
Therefore, a lateral view with a
portion of the round renmoved so
the location of the aitch bone
is shown is illustrated.

Locat e t he cut aneous fl ank
nmuscl e (ext ernal abdom nal
oblique) and follow the nedial
border of the nuscle anteriorly
unti | it cones within
approximately 3" of the mdline.
This will be the starting point.
Measure up (posteriorly) 10 cm
(approximately 4 inches) along a
line approximately 3" from the
mdline (neasure up or parallel
to the mnmdline), then over
(laterally) 10 cm (approx. 4
inches) to forma 10 cm w de by
10 cm |l ong square sanpl e.

Brisket Locate the el bow of the carcass.

Draw an imaginary |ine straight
across (nmedially) to the mdline

cut . This will be the starting
poi nt . Measure up along the
mdline 10 cm (approximtely 4
i nches), t hen over 10 cm

(approximately 4 inches) to form
a 10 cm wide by 10 cm long
squar e sanpl e.

E.

col i

testing of cattle

Posterior

Staring pt for fank sample

s where tha medial border of
tha cutansous flank musss cOMm:
o within spprox. X° of the micling



Fi gure 3.

Sanpling location for

E. col

jow s

17

testing on sw ne, carcasses

belly Locate the el bow of the carcass.

ham

Draw an imaginary line straight
across (nedially) to the mdline
cut. This wll be the starting
poi nt . Measure up along the
mdline 10 cn{approximately 4
i nches), t hen over 10
cmapproximately 4 inches) to

conplete the 10 cm long by 10 cm
wi de square sample. This square
area will be the 100 cnR area to
swab for the belly sanple.

Draw an imaginary line from the
atlas/axis joint to the ventral
mdline; all skin below that point
wi |l be considered the jow .

From the dorsal position, |ocate
the lateral surface of the base of
the tail and measure up caudal) 5
cm along the lateral edge of the
exposed fat margin, then 10 cm
laterally. Now nmeasure 10 cm down
cranial), then 10 cm nedially,
then 5 cm up (posteriorly) to
complete a 10 cmlong by 6 cm w de
rect angul ar sanpling area.



ADDENDUM

EXClI SI ON SAMPLE COLLECTI ON AND ANALYSI S TECHNI QUES
USED I N THE FSI S NATI ONAL BASELI NE STUDI ES

PREPARATI ON

1

Label 3 sanple bags with the | abels provided: for cattle brisket,
flank, and runp; for swne - jows, belly, and ham. It is inportant
that the |abels be applied to the bags at normal roomtenperature;
they will not stick if applied in the cooler.

Measure the length of the blade on the knife you will be using for
sanple collection. You can use this neasurenent to estinate the size
of the 10 inch long by 5 inch wi de ham and belly sanples for sw ne,
and the 8 inch long by 6 inch wide sanples for cattle.

Assenbl e the fol |l ow ng:

| abel ed bags

knife (cleaned and sanitized)

hook (or henostat-type forceps), cleaned

several packages containing sterile surgical gloves
cl ean contai ner (volune of 1 gallon or greater)

FSI S- approved househol d bl each product

pot abl e wat er

Al so, |locate a wheel ed | adder, sanpling platform or step |adder that
can be used to help you safely reach the hamor runp of the carcass.

You will need at |east one assistant to hold the sanple bag and help
you in other ways.

Prepare the chem cal sanitizing solution by adding 2 to 4 oz. bleach to 1
gallon (128 o0z.) potable water in the container (this wll give a
strength of 1000-2000 ppm hypochlorite, which is strong enough to
sanitize properly even in the presence of sonme organic nmatter). Note:
prepare fresh bl each solution inmediately before going into the
cooler for sanpling; its strength di m ni shes upon standi ng.

SAMPLE COLLECTI ON

1

2.

Have your assistant imerse the entire sanpling tool (including the
handle) in the bleach solution for 1-2 m nutes. Have your assi stant
put on a pair of sterile gloves (taking care not to touch the sterile
outer surface of the glove with fingers) before carefully retrieving
the sanpling tools fromthe bl each solution. Shake excess solution
fromutensils, and then protect the sanpling ends of the tools from
contam nation.Donot put the sanitized sanpling inplenments into your
scabbard (it has not been sanitized).

Put on one sterile glove at a tinme, taking care not to touch the
sterile outer surface of the glove wth your fingers. Having both
hands gloved will rem nd you that you need to follow aseptic



procedures. Renenber: Touch nothing with your gl oved hands except the
sanitized instrunents or the carcass if necessary.

Locate the 3 carcass sanpling sites. (Note: Renmenber you can use the
knife blade to estimate the | ength of sanples.)

For cattle: Use the knife to mark out the sanple borders of the

bri sket sanple fromone side of the carcass. You do not need to cut
very deep since only the skin surface is needed; a Y2 inch thick
sanple is sufficient. It is very inportant that the sanple be 8
inches long by 6 inches wide (not «long and 8" w de) and that it be
in one piece. Carefully excise the sanple using the knife and the
sanitized hook or forceps. Roll or fold the sanple so that it fits
easily into the sanple bag (do not cut the sanple into strips). Have
your assistant hold open the | abel ed sanpl e bag, and place the

bri sket sanple inside the bag w thout touching the outside of the
sanpl e bag or the assistant. Have assistant close the sanple bag.

For swine: You will be collecting the surface (skin) of both jows. A
Y2inch thickness is sufficient; you do not need to cut very deep
since only the skin is being sanpled. It is very inportant that you
collect all the skin fromboth jows; the |aboratory analysis
requires that each of the two jow sanples provide a surface area
equivalent to a 5 inch by 5 inch square. Surface area in excess of
this is acceptable, as the laboratory wll trimit down. The skin on
each jow should be carefully renoved in one piece using the knife
and the sanitized hook or forceps. Roll or fold the sanples so that
they fit easily into the sanple bag (do not cut the sanples into
strips). Have your assistant hold open the | abel ed sanpl e bag, and
pl ace the two jowl sanples inside the bag w thout touching the
outside of the sanple bag or the assistant. Have assistant close the
sanpl e bag.

Do not put the sanmpling inplenents back into your scabbard. You may
wi sh to "sheathe" your knife in the carcass where you wll be able to
reach it fromthe |adder or platform (insert it perpendicular to the
floor, perhaps into the teat line or the nedial flank).

For cattle: Renove the knife fromthe carcass and mark out the sanple
borders for the flank sanple. Collect the 8 inch long by 6 inch w de
by 4 inch thick skin sanple and place it in the appropriately |abel ed
bag.

For swine: Use the knife to mark out the sanple borders of the belly
sanple fromone side of the carcass. You will be excising only the
skin froman 10 inch long by 5 inch wide sanple. You do not need to
cut very deep since only the skin surface is needed; a %2inch thick
sanple is sufficient. "It is very inportant that the sanple be 10
inches long by 5 inches wide (not 5" long and 10" wde) and that it be
in one piece. Carefully excise the sanple using the knife and the
sanitized hook or forceps. Roll or fold the sanple so that it fits



easily into the sanple bag (do not cut the sanple into strips), and
pl ace the sanple in the bag.

7. Do not put the sanmpling inplenents back into your scabbard. You may
wi sh to "sheathe" your knife in the carcass where you wll be able to
reach it fromthe |adder or platform (insert it perpendicular to the
floor, perhaps into the teat line or the nedial flank).

8. Renove your gloves and clinb the | adder or platform holding onto the
hand-rail. Once at a convenient and safe height for sanpling the ham
or runp, carefully put on a new pair of sterile gloves.

9. For cattle: Renove the knife fromthe carcass and mark out the sanple
borders for the runp sanple. Collect the 8 inch long by 6 inch w de
by 4 inch thick skin sanple and place it in the appropriately | abeled
bag. Knives and sanpling inplenents may now be put into your scabbard
as sanpling has been conpl et ed.

For swi ne: Renove the knife fromthe carcass and mark out the sanple
borders for the ham sanple. Collect the 10 inch long by 5 inch w de
by 1/2 inch thick skin sanple and place it in the appropriately

| abel ed bag. Knives and sanpling inplenments may now be put into your
scabbard as sanpling has been conpl et ed.

10. In the event that a sanple is dropped, discard that sanple. Go to the
conpani on carcass side and sanple the area corresponding to the
dropped sanple. If gloves and/or instrunments have touched-any surface
ot her than the carcass or the sanitized instrunents, gloves will need
to be changed and/or instrunents sanitized.

SAMPLE SHI PMENT

Shi ppi ng containers (tenperature-controlled container or simlar
container), gel-ice packs (specifically designed for shipnent of
refrigerated sanples), and cardboard spacers should be specified by the
desi gnat ed receiving | aboratory.

| f sanples are too large to fit into a single shipping container, use 2
shi ppi ng containers (nmake a duplicate of the data sheet and include a
notation that you have used 2 shippers). Pre-chill shipping container
properly. Address shipping container to the designated | aboratory. Sanples
are to be shipped refrigerated.

1. Freeze gel -ice packs according to |abel instructions (0°F for 24
hours). Shipping box may be pre-chilled in the cooler if space
permts.

2. Pl ace sanples into the shipping container as indicated in its

instructions. |If nore space is needed, use another shipping
container; do not force too nmuch material into too snmall a space.

3. Check the sanple data sheet for the designated receiving | aboratory,
and select the appropriate delivery service | abel. Be sure to encl ose



FSI S

the sanple data sheet in a separate plastic bag and put it into the
shi pper with the sanpl es.

Cl ose and seal shipping container according to printed instructions
on the carton. Apply the preprinted address | abel to the shipping box
and ship imedi ately via the designated overni ght-express delivery
service so that the sanples arrive chilled at the |aboratory.

PROCEDURES FOR THE ENUMERATI ON OF GENERI C E. COLI
Sanpl e Preparation

In order for the sanples to be valid and to mai ntain consistency,
anal yses nust begin the day foll ow ng sanple collection. Sanples nust
meet tenperature criteria (0-10°C) in order to be considered for

anal ysi s.

B. Three refrigerated subsanpl es, representing one sanpl ed carcass,
w Il be received by the | aboratory. Sanple condition and
t enperature upon recei pt should be docunented on each sanpl e,
together with the date of receipt. Only those sanpl es received
at = 0.0°C and 10.0°C wi |l be anal yzed.

1. Using a sterile trier (e.g. a circular trier with a 3.6 cm
di aneter, yielding approximately 10 cnfsurface area),
randomy cut 2 intact tissue discs fromeach subsanple
(flank, runp, and brisket for cattle; belly, ham and
jows for swne). (Optional: Remaining subsanple tissue
may be retained under refrigeration in the event the
anal ysis needs to be repeated-]

2. If the thickness of a disc greatly exceeds %2inch, take a
sterile scal pel and forceps and aseptically renove fat
fromthe bottomof the plug so disc is approximtely %
inch thick. (Bacterial contam nation should be limted to
the outer, skin, surface of the disc, so excess tissue
must be trimred fromthe bottom surface.)

3. Label a sterile Stomacher 3500 bag so that it corresponds
to the |l abel on the original subsanple bag. Aseptically
pl ace the 2 tissue discs fromeach single subsanple into
the sterile Stomacher 3500 bag.

Begin quantitative analyses for E. coli (biotype |I) on the day of
sanpl e receipt. Using aseptic techniques, renove 2 tissue discs from
each of the three subsanpl e stonmacher bags and pl ace these 6 discs
into the | abelled Stonmacher 3500 bag.



1. Analytical Methods

A Preparation of sanpl e honbgenate for generic E. col

1

Sel ect the | abelled Stomacher 3500 bag containing a conposite of
6 discs that was prepared as described in Section |IC (above).

2. Add 600 m Butterfield s Phosphate D | uent (BPD) or buffered
peptone water (BPW to the core sanples (this should approxi mate
a 1:10 s.a./v. (surface area/volune] ratio).

3. Stomach for 2 mnutes, prepare serial dilutions of 102 to 10'9
and then proceed according to Instructions I1B (bel ow).

B. Quantitative Test for generic E. col

1. Sanpl es nust be anal yzed using one of the generic E. col
quantitation nmethods found in the Oficial Methods of AQAC
International, 16" edition, 3" revision, 1997, or by any nethod
that is validated by a scientific body in collaborative trials
agai nst the 3-tube Mbyst Probabl e Nunber (MPN) nethod and that
agrees with the 95% upper and | ower confidence limts of the
appropriate MPNi ndex

2. The exci sed sanple is considered negative for generic E.col

when no E.coli colonies are present on plates of the | owest
dilution (10-1). If Ecoli colonies are present, multiply the
average plate count by the appropriate dilution factor and
record E.coli results as cfu/c

APPLYI NG PERFOP14ANCE CRI TERI A TO EXCI SED- SAMPLE TEST RESULTS

E.col i

exci sed-sanple results for cattle and swine tested in the FSIS

basel i ne studi es have been separated into three categories for the purpose
of process control verification: acceptable, marginal, and unacceptable. In
t he Pat hogen Reducti on/ HACCP Regul ation, mand M representing respectively
the 80th and 98th percentile of sanple results, |eaving 18 percent of
results in the margi nal range denoted the upper Iimts for the acceptable
and margi nal ranges.



Tabl e 3. Values for Marginal and Unacceptable Results for E.coli
performance criteria

Sl aught er Accept abl e Range Mar gi nal Range Unaccept abl e Range
Cl ass
Cattle *negati ve positive above 100
but not above 100 cfu/ cnf
cfu/ cnf
Sw ne 10 cfu/cnf above 10 cfu/cnf above 10, 000
but not above 10, 000 cfu/ cnf
cfu/ cnf

* An exci sed sanple is considered negative when no E. coli colonies are present on
plate(s) O the lowest dilution (10- 1 1). If E. coli colonies are present, multiply the

average plate count by the appropriate dilution factor and record the result as cfu/cn?.

To illustrate the use of Table 3, consider a cattle slaughter
establishnment. E.coli test results for this establishnent will be
acceptable if negative, marginal if positive but not above 100 cfu/ cnf (>m
but =M, and unacceptable if above 100 cf u/ cnf (>M.

Verification Criteria

The verification criteria should be applied to test results in the order
that sanples are collected. The criteria consist of limts on occurrences
of margi nal and unacceptable results.

As each new test result is obtained, the verification criteria are applied
anew to evaluate the status of process control with respect to fecal
contam nation. This way of |looking at the nunber of marginal and
unacceptable results is described as a "noving w ndow' approach in the
regulation. Wth this approach, results are accumul ated until 13 have been
accrued. After this, only the nost recent 13 results - those in the "noving
w ndow' are consi der ed.

1. An unacceptabl e result should trigger action to review process
controls, discover the cause if possible, and prevent
recurrence.

2. A total of nore than 3 marginal results in the last 13
consecutive results also signals a need to revi ewprocess
controls. Having 3 marginal results out of 13 sanples
approxi mates the 18 percent found as marginal in the baseline
studi es.



An exanple of a record of

establishment performng 2 tests a day.

results for cattle testing is shown bel ow for an

Humber Macginal

Tast Tims Test Rasult Result Resule or Unacceptable Pass/
¥ Datas Collescted {efu/ca’) Unaccaptable? Harginel? in last 13 Fail?

1 10-07 | 08:50 10 No Yes 1 Pass

2 14:00 negative No i = 1 Fass

3 10-08 | 07:10 50 No Yes 2 Pass

4 13:00 negative No No 2 Pass

5 10-09 | 10:00 negative Ho Ho 2 Pass

6 12:20 negative No ¢ [s] 2 Pass

7 10-10 | 09:20 80 No Yes 3 Pass

B 13:30 negative Ho Ho 3 Pass

9 10=-11 | 10:50 negative Ne Ho 3 Pass

10 14:50 negative Ho Ho 3 Pass
11 10-14 | 0B:40 50 Ho Yes 4 Fail
12 12:00 negative No Ho 4 Fail
13 10-15 | 09:30 negative (-] Ho 4 Fail
14 10-15 | 15:20 negative No Ho 3 Pass
15 10-16 | 07:30 negative No No 3 Pass
16 11:40 negative Ho Ho 2 Pass
17 10-17 | 10:20 120 Yes Ho 3 Fail
18 14:40 negative No No 3 Pass




