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Col lab o ra tive Stud ies

VIDAS Listeria monocytogenes II (LMO2)
Immunoasay for the Detection of Listeria
monocytogenes in Foods

Study Di rec tors, Ka ren M. Silbernagel, Ron ald L. John son, 
and Deborah A. McIntyre (see 29, 15, and 29, re spec tively).
The VIDAS Lis te ria monocytogenes II (LMO2) test
(bioMerieux, Inc., Hazelwood, MO) is an au to mated
en zyme-linked flu o res cent immunoassay for the spe cific
de tec tion of L. monocytogenes in se lected foods. The
ob jec tive of this col lab o ra tive study was to com pare the
per for mance of the VIDAS LMO2 immunoassay (al ter na tive
method) with that of stan dard cul ture meth ods [AOAC
Of fi cial Method 993.12 (1), U.S. De part ment of
Ag ri cul ture/Food Safety and In spec tion Ser vice’s
(USDA/FSIS) Mi cro bi ol ogy Lab o ra tory Guide book (2), and
the U.S. Food and Drug Ad min is tra tion’s Bac te ri o log i cal
An a lyt i cal Man ual (BAM; 3)] for the spe cific de tec tion of
L. monocytogenes in se lected foods. Sam ples are en riched in
or der to in crease the num ber of tar get analyte or gan isms to the
de tect able limit of the as say (ap prox i mately 105 CFU/mL).
All pre sump tively pos i tive re sults must be con firmed by the
ap pro pri ate ref er ence cul ture method (1–3). It is in tended that
the as say be ap pli ca ble as a pre sump tive test for the pres ence
of L. monocytogenes in dairy prod ucts, veg e ta bles, sea food,
raw meats and poul try, and pro cessed meats and poul try.

A col lab o ra tive study was con ducted in which 5 food types
(Brie, va nilla ice cream, frozen green beans, frozen raw tilapia 
fish, and cooked roast beef) were an a lyzed. A to tal of
26 lab o ra to ries par tic i pated. In this study, 1404 test por tions
were an a lyzed, of which 1152 were used in the sta tis ti cal
anal y sis. There were 448 pos i tive test por tions by the
al ter na tive method and 457 test por tions pos i tive by the
ref er ence cul ture meth ods. A Chi square anal y sis of each of
the 5 food types, at each of the 3 in oc u la tion lev els, was
per formed. The re sult ing Chi square value of 0.36 in di cated
that there was no over all sig nif i cant dif fer ence be tween the
al ter na tive method and the reference culture method at the 5%
level of significance.

This al ter na tive method has been ap proved as a First
Ac tion method.

VIDAS Listeria (LIS) Immunoasay for the Detection
of Listeria in Foods Using Demi-Fraser and Fraser
Enrichment Broths

Study Di rec tors, Ka ren M. Silbernagel, Ron ald L. John son, 
and Deborah A. McIntyre (see 29, 15, and 29, re spec tively).
The VIDAS LIS test (bioMerieux, Inc.) is an au to mated
en zyme-linked flu o res cent immunoassay for the de tec tion of
Lis te ria spp. or gan isms in se lected foods. The ob jec tive of this 
col lab o ra tive study was to com pare the per for mance of the
VIDAS LIS method with that of stan dard cul ture
meth ods (1–3) for the de tec tion of Lis te ria spp. or gan isms in
se lected foods, us ing an en rich ment mod i fi ca tion of AOAC
Of fi cial Method 999.06. More over, the mod i fied en rich ment
pro to col has been im ple mented in or der to har mo nize the
VIDAS LIS as say with the VIDAS LMO2 as say, above. Test
por tions are first en riched in Demi-Fra ser broth fol lowed by a
sec ond ary en rich ment in Fra ser broth with out fer ric
am mo nium ci trate as op posed to the orig i nal method which
in volved test por tion en rich ment only in buf fered Lis te ria
en rich ment broth. The 2-step en rich ment was im ple mented to
in crease the num ber of Lis te ria spp. or gan isms to the
de tect able limit of the as say. A pos i tive re sult is con sid ered
pre sump tive for Lis te ria spp. and must be con firmed by
ap pro pri ate ref er ence cul ture pro ce dures (1–3). It is in tended
that the as say be ap pli ca ble as a pre sump tive test for the
pres ence of Lis te ria spp. organisms in dairy products,
vegetables, seafood, raw meats and poultry, and processed
meats and poultry.

A col lab o ra tive study was con ducted in which 5 food types
(Brie; va nilla ice cream; frozen green beans; frozen, raw
tilapia fish; and cooked roast beef) were an a lyzed. A to tal of
15 lab o ra to ries par tic i pated. In this study, 1206 test por tions
were tested, of which 1170 were used in the sta tis ti cal
anal y sis. There were 433 test por tions pos i tive by the
al ter na tive method and 396 test por tions pos i tive by the
ref er ence cul ture meth ods. A Chi square anal y sis of each of
the 5 food types, at each of 3 inocula lev els, was per formed.
The re sult ing av er age Chi square value of 0.42 in di cated that
there was no over all dif fer ence be tween the al ter na tive
method and the ref er ence culture methods at the 5% level of
significance.

This al ter na tive method has been ap proved as a First
Ac tion method.

Evaluation of VIDAS Salmonella (SLM)
Immunoassay Method with Rappaport-Vassiliadis
Medium for the Detection of Salmonella in Foods

Study Di rec tors, Wendy A. McMahon and Ron ald L.
John son (see 4 and 15, re spec tively). The VIDAS Sal mo nella
(SLM) as say (bioMerieux, Inc.) is an au to mated
en zyme-linked flu o res cent immunoassay for the de tec tion of
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Sal mo nella or gan isms in foods and food in gre di ents. This
as say is an al ready ap proved Of fi cial Method (996.08). A
col lab o ra tive study was con ducted to ob tain ap proval of the
al ter na tive method us ing the se lec tive en rich ment,
tetrathionate broth, in com bi na tion with
Rappaport-Vassiliadis (RV) me dium in place of sel e nite
cystine (SC) broth. The re place ment of SC broth with RV
me dium elim i nates an En vi ron men tal Pro tec tion Agency
haz ard ous waste is sue for lab o ra to ries. Eight food types
(non fat dry milk; lac tic ca sein; dried whole egg; milk
choc o late; soy flour; raw, peeled shrimp; raw, ground tur key;
and raw, ground pork) were an a lyzed by the al ter na tive
method and the ref er ence meth ods (1–3). A to tal of
25 lab o ra to ries par tic i pated in the study. There were
1746 por tions an a lyzed, of which 771 were pos i tive by the
al ter na tive method us ing RV me dium in place of SC broth,
and 775 were pos i tive by the ref er ence cul ture meth ods. There 
were no significant differences in the numbers of positive test
portions obtained by the 2 methods.

This al ter na tive method has been ap proved as a First
Ac tion method.

Minor Method Modification Study

Study Di rec tor, Ian Garthwaite (see 31). The TECRA
Sal mo nella Vi sual Immunoassay (TECRA, Frenchs For est,
New South Wales, Aus tra lia) Fi nal Ac tion Method 998.09,
uses RV me dium as a sin gle se lec tive en rich ment broth. A
pro posed mod i fi ca tion of this method in volves ad di tion of
25 mL of a new sam ple pro pri etary ad di tive to a 1 mL aliquot
of the RV me dium prior to the heat-kill ing step. This ad di tive
al lows the RV me dium to be tested di rectly in the al ter na tive
method and elim i nates the need for a post enrichment in
M broth.

An in-house val i da tion study was con ducted to com pare
mod i fied Method 998.09 with the ref er ence cul ture
method (3) for the de tec tion of Sal mo nella in 3 food types.
Two food types (milk pow der and pea nut but ter) were each
in oc u lated at 2 lev els, whereas 3 lots of a third food type (raw
poul try) were nat u rally con tam i nated. Over all, there were no
sig nif i cant dif fer ences in the num bers of pos i tive test por tions
ob tained by the mod i fied al ter na tive method and the reference 
method.

This mod i fied al ter na tive method has been ap proved as a
Re vised First Ac tion method.

Recommendations

(1) 2000.06 De tec tion of Sal mo nella in Foods,
Rappaport-Vassiliadis Me dium Method: Study Di rec tor,
Thomas S. Hammack, U.S. Food and Drug Ad min is tra tion,
5100 Paint Branch Pkwy, Col lege Park, MD 20740-3835, Tel: 
301-436-2010, Fax: 301-436-2644, E-mail:
thomas.hammack@cfsan.fda.gov. This method has been
adopted Fi nal Ac tion; it is there fore rec om mended that this
topic be discontinued.

(2) 998.08 Enu mer a tion of Esch e richia coli in Poul try,
Meat, and Sea food Prod ucts: Study Di rec tor, Sonya A.

Gambrel-Lenarz, 3M Mi cro bi ol ogy Prod ucts, 3M Cen ter,
Bldg 260-6B-01, St. Paul, MN 55144-1000, Tel:
651-733-0913, Fax: 651-733-1804, E-mail:
SAGambrel-Lenarz@mmm.com. Dis con tinue topic.

(3) 998.08 Con firmed E. coli Counts in Poul try, Meats,
and Seafoods: Study Di rec tor, Sonya A. Gambrel-Lenarz.
This method has been adopted Fi nal Ac tion; it is there fore
rec om mended that this topic be dis con tin ued.

(4) Clostridium bot u li num Tox ins A, Proteolytic B, and E,
ELCA En zyme Immunoassay: Study Di rec tor, Wendy A.
McMahon, Silliker Lab o ra to ries Group, Inc.,160 Ar mory Dr,
South Hol land, IL 60473, Tel: 708-225-1435, Fax:
708-225-1536, E-mail: Wendy.mcmahon@silliker.com. A
precollaborative study re port has been ap proved, and a
col lab o ra tive study is planned once the Com mit tee ap proves
the pro to col. Continue study.

(5) 2002.08 (H56) De tec tion of Botulinal Tox ins A, B, E,
and F from Cul ture Supernatants, Am pli fied ELISA
Pro ce dure: Study Di rec tors, Jo seph L. Ferreira (re tired), U.S.
Food and Drug Ad min is tra tion, 60 8th St, At lanta, GA 30309,
Tel: 404-253-2216, Fax: 404-253-1210, E-mail:
jferreir@ora.fda.gov; Su san Maslanka, Cen ters for Dis ease
Con trol and Pre ven tion, 1600 Clifton Rd, At lanta, GA 30333,
Tel: 404-639-0895, Fax: 404-639-3333, E-mail:
sht5@cdc.gov; Eric John son, Uni ver sity of Wis con sin, 1925
Wil low Dr, Mad i son, WI 53706, Tel: 608-263-6949, Fax:
608-263-1114, E-mail: eajohnso@facstaff.wisc.edu; Mi chael
Goodnough, Uni ver sity of Wis con sin, 1925 Wil low Dr,
Mad i son, WI 53706, Tel: 608-263-6949, Fax: 608-263-1114,
E-mail: moodnou@facstaff.wisc.edu. This method was
adopted First Action in 2002. Continue study.

(6) 2002.10 (H5) ISO vs AOACI Ref er ence Cul ture
Meth ods for the De tec tion of Motile and Non-Motile
Sal mo nella in Se lected Foods: Study Di rec tor, Philip T.
Feldsine, BioControl Sys tems, Inc., 12822 SE 32nd St,
Belle vue, WA 98005-4318, Tel: 425-603-1123, Fax:
425-603-0070, E-mail: ptf@biocontrolsys.com. This study
rep re sented a co op er a tive ef fort be tween AOACI and the
Cen tral Eu ro pean Com mis sion to de velop per for mance data
for ISO method 6579 (4). The ISO method was adopted First
Ac tion in 2002. Continue study.

(7) 2002.07 (H11) SimPlate To tal Plate Count Color
In di ca tor (TPC-CI) for the Enu mer a tion of To tal Aer o bic
Mi cro or gan isms in Foods: Study Di rec tor, Philip T. Feldsine.
This method was adopted First Ac tion in 2002. The field
ex pe ri ence with this method has been pos i tive; there fore, the
Study Di rec tor rec om mends that this method be adopted Fi nal 
Ac tion. The co-Gen eral Ref er ees concur. Continue study.

(8) 996.09 Vi sual Immunoprecipitate As say for the
Anal y sis of Ground Beef for Esch e richia coli O157:H7: Study 
Di rec tor, Philip T. Feldsine. This method was orig i nally
val i dated for the de tec tion of E. coli O157:H7 in se lected
foods (dairy foods, meats, poul try prod ucts, fruits, nut meats,
sea food, pasta, and liq uid eggs) us ing an 18–28 h en rich ment
pro to col. This method was adopted First Ac tion in 1996 and
Fi nal Ac tion in 1999. A method mod i fi ca tion was val i dated to
re vise the en rich ment pro to col for raw and cooked beef
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prod ucts only to al low for an 8 h en rich ment. This method
mod i fi ca tion was adopted Re vised First Ac tion in 2002.
Be cause the per for mance of this method mod i fi ca tion for the
anal y sis of raw and cooked beef prod ucts in the field has been
sat is fac tory, the Study Di rec tor rec om mends that this method
mod i fi ca tion be adopted Final Action. The co-General
Referees concur. Continue study.

(9) 997.03 Vi sual Immunoprecipitate As say for the
De tec tion of Lis te ria monocytogenes and Re lated Lis te ria
spp. in Se lected Foods: Study Di rec tor, Philip T. Feldsine.
This method was orig i nally val i dated for the de tec tion of
L. monocytogenes and re lated Lis te ria spe cies in se lected
foods (dairy foods, red meats, pork, poul try and poul try
prod ucts, sea food, fruits, veg e ta bles, nut meats, pasta,
choc o late, eggs, and bone meal). This method was adopted
First Ac tion in 1997 and Fi nal Ac tion in 1999. The method
was sub se quently val i dated for en vi ron men tal sur faces and
was adopted Re vised First Ac tion in 2001. Be cause the
per for mance of this method for the anal y sis of en vi ron men tal
sur faces has been sat is fac tory, the Study Di rec tor
rec om mends that this re vised First Ac tion method be adopted
Final Action. The co-General Referees concur. Continue
study.

(10) 2002.11 SimPlate Yeast and Mold Color In di ca tor
(Y&M-CI) Method for Enu mer a tion of Yeasts and Molds in
Foods: Study Di rec tor, Philip T. Feldsine. This method was
adopted First Ac tion in 2002. Be cause the field ex pe ri ence
with this method has been pos i tive, the Study Di rec tor
rec om mends that the method be adopted Fi nal Ac tion. The
co-Gen eral Ref er ees con cur. Continue study.

(11) 996.10 MOD 9/21/00 As sur ance En zyme
Immunoassay for the De tec tion of Esch e richia coli O157:H7
in Ground Beef: Study Di rec tor, Philip T. Feldsine. This
method was orig i nally adopted First Ac tion in 1996 and Fi nal
Ac tion in 1999 for the de tec tion of E. coli O157:H7 in se lected 
foods (dairy foods, meats, poul try prod ucts, fruits, nut meats,
sea food, pasta, and liq uid eggs), us ing an 18–28 h en rich ment
pro to col. A method mod i fi ca tion was val i dated to re vise the
en rich ment pro to col for raw and cooked beef prod ucts only to
al low for an 8 h en rich ment. This method mod i fi ca tion was
adopted Re vised First Ac tion in 2002. Be cause the
per for mance of this method mod i fi ca tion for the anal y sis of
raw and cooked beef prod ucts in the field has been
sat is fac tory, the Study Di rec tor rec om mends that this method
mod i fi ca tion be adopted Final Action. The co-General
Referees concur. Continue study.

(12) H68 SimPlate CEc Quan ti ta tive Method for To tal
Coliforms and Esch e richia coli in Foods: Study Di rec tor,
Philip T. Feldine. A precollaborative study manu script has
been sub mit ted for re view, and a col lab o ra tive study is near ing 
com ple tion. Continue study.

(13) 996.14 As sur ance Polyclonal En zyme Immunoassay
for the De tec tion of Lis te ria monocytogenes and Re lated
Lis te ria Spe cies in Se lected Foods: Study Di rec tor, Philip T.
Feldsine. This method was adopted Fi nal Ac tion in 2001 for
the anal y sis of se lected foods. This method was sub se quently
adopted Re vised First Ac tion in 2001 to in clude the anal y sis

of en vi ron men tal sur faces. The co-Gen eral Ref er ees
rec om mend that this method be adopted Fi nal Ac tion for the
anal y sis of en vi ron men tal surfaces. Continue study.

(14) Enu mer a tion of To tal Aer o bic Mi cro or gan isms in
Foods, SimPlate To tal Plate Count Color In di ca tor (TPC-CI)
Sys tem: Study Di rec tor, Philip T. Feldsine. This topic is a
du pli cate of 7, above, and should be deleted.

(15) MOD 999.06 VIDAS Lis te ria (LIS) Immunoassay for
the De tec tion of Lis te ria Spe cies in Foods: Study Di rec tor,
Ron ald L. John son, bioMerieux, Inc., 595 Anglum Rd,
Hazelwood, MO 63042-2320, Tel: 314-506-8182, Fax:
314-731-8276, E-mail: Ron.JOHN SON@biomerieux.com.
This method has been adopted as Fi nal Ac tion; it is there fore
rec om mended that this topic be discontinued.

(16) 996.08 VIDAS SLM Method for De tec tion of
Sal mo nella in Foods: Study Di rec tors, Wendy A. McMahon
and Ron ald L. John son. This method has been adopted Fi nal
Ac tion; it is there fore rec om mended that this topic be
dis con tin ued.

(17) 2001.07 Sal mo nella in Se lected Foods by
Immuno-Con cen tra tion Sal mo nella (ICS) and Se lec tive Plate
(BS, HE, SMID) Pro ce dure: Study Di rec tors, Wendy A.
McMahon and Ron ald L. John son. A new method for the
de tec tion of Sal mo nella or gan isms in foods in 48 h has been
de vel oped which uses both the VIDAS
immuno-con cen tra tion (ICS) as say and a com bi na tion of
3 se lec tive agar plates: bis muth sul fite (BS), Hektoen en teric
(HE), and Sal mo nella iden ti fi ca tion (SMID). Af ter over night
preenrichment of the test por tion, im mu no log i cal cap ture of
the Sal mo nella or gan isms is ac com plished by the VIDAS ICS
as say. Fol low ing the VIDAS ICS as say, the re leased
Sal mo nella cells are streaked to BS, HE, and SMID agars. The 
method was ap proved First Ac tion for se lected foods in 2001
and sub se quently ap proved First Ac tion for foods in gen eral
in 2004. It is rec om mended that the ti tle of the topic be
changed to “Sal mo nella in Foods by Immuno-Con cen tra tion
(ICS) and Selective Plate (BS, HE, SMID) Procedure.”
Continue study.

(18) 2001.08 Sal mo nella in Se lected Foods by
Immuno-Con cen tra tion Sal mo nella (ICS) and Se lec tive Plate
(BS, HE, XLD) Pro ce dure: Study Di rec tors, Wendy A.
McMahon and Ron ald L. John son. A new method for
de tec tion of Sal mo nella or gan isms in se lected foods in 48 h
has been de vel oped which uses both the VIDAS ICS as say
and a com bi na tion of 3 se lec tive agar plates: BS, HE, and
xylose lysine desoxycholate (XLD). Af ter over night
preenrichment of the test por tion, im mu no log i cal cap ture of
the Sal mo nella or gan isms is ac com plished by the VIDAS ICS
as say. Fol low ing the VIDAS ICS as say, the re leased
Sal mo nella or gan isms are streaked to BS, HE, and XLD
agars. The method was ap proved First Ac tion for se lected
foods in 2001 and sub se quently ap proved First Ac tion for
foods in gen eral in 2004. It is rec om mended that the ti tle of the 
topic be changed to “Sal mo nella in Foods by
Immuno-Con cen tra tion (ICS) and Selective Plate (BS, HE,
XLD) Procedure.” Continue study.
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(19) 2001.09 Sal mo nella in Se lected Foods by
Immuno-Con cen tra tion Sal mo nella (ICS) and
En zyme-Linked Immunofluorescent As say (ELFA): Study
Di rec tors, Wendy A. McMahon and Ron ald L. John son. A
new method for de tec tion of Sal mo nella or gan isms in se lected 
foods in a min i mum of 24 h has been de vel oped which uses
both the VIDAS ICS as say and the VIDAS Sal mo nella (SLM) 
as say, the lat ter be ing Of fi cial Method 996.08. Af ter over night 
preenrichment of the test por tion, im mu no log i cal cap ture of
the Sal mo nella or gan isms is ac com plished by the VIDAS ICS
as say. Fol low ing the VIDAS ICS as say and re lease of the
Sal mo nella cells, preenrichment is ac com plished in a
nonse lec tive growth me dium for 5–6 h (6–7 h for non fat dry
milk) fol lowed by de tec tion of Sal mo nella or gan isms in the
test por tion by the VIDAS SLM as say. The method was
ap proved First Ac tion for se lected foods in 2001 and
sub se quently ap proved First Ac tion for foods in gen eral in
2004. It is rec om mended that the ti tle of the topic be changed
to “Sal mo nella in Foods by Immuno-Con cen tra tion
Sal mo nella (ICS) and Enzyme-Linked Immunofluorescent
Assay (ELFA).” Continue study.

(20) 2000.13 (H8) Eight-Hour Re veal Screen ing Test for
the De tec tion of Esch e richia coli O157:H7 in Se lected Foods: 
Study Di rec tor, Mark A. Mozola, Neogen Corp., 620 Lesher
Pl, Lan sing, MI 48912, Tel: 517-372-9200, Fax:
517-372-0108, E-mail: mmozola@neogen.com. Be cause the
per for mance of this method in the field has been sat is fac tory,
the Study Di rec tor rec om mends that this method be adopted
Fi nal Ac tion. The co-Gen eral Ref er ees concur. Continue
study.

(21) 2000.14 Twenty-Hour Re veal Screen ing Test for the
De tec tion of Esch e richia coli O157:H7 in Se lected Foods and 
En vi ron men tal Swabs: Study Di rec tor, Mark Mozola.
Be cause the per for mance of this method in the field has been
sat is fac tory, the Study Di rec tor rec om mends that this method
be adopted Fi nal Ac tion. The co-Gen eral Ref er ees concur.
Continue study.

(22) H-16 To tal E. coli [Counts] in Food Sam ples for
De ter mi na tion of 10

4
 CFU/g Ac tion Lev els: Study Di rec tor,

Mi chael A. Grant, U.S. Food and Drug Ad min is tra tion, 22201 
23rd Dr, SE, Bothell, WA 98021-4421, Tel: 425-402-3179,
Fax: 425-483-4996, E-mail: mgrant@ora.fda.gov. This topic
is a du pli cate of 23, be low, and should be deleted.

(23) H-16 Im proved Anal y sis of Food Sam ples for To tal
Esch e richia coli Pop u la tions to De ter mine Whether
10

4
 CFU/g Ac tion Lev els Have Been Ex ceeded: Study

Di rec tor, Mi chael A. Grant. Continue study.

(24) 2001.07 Sal mo nella in Se lected Foods, HE, BS,
SMID Pro ce dure: Study Di rec tor, Wendy A. McMahon. This
topic is a du pli cate of 17, above, and should be de leted.

(25) 3M Petrifilm Staph Ex press for Staph y lo coc cus
aureus in Meat, Sea food, and Poul try: Study Di rec tor, Wendy
A. McMahon. In a col lab o ra tive study, the 3M Petrifilm Staph
Ex press Count plate method was com pared with AOAC
Of fi cial Method 975.55 (1) for the enu mer a tion of S. aureus in 
se lected foods. De tails of this col lab o ra tive study were
pro vided in last year’s Gen eral Ref eree Re port (5). De spite the 

ti tle of this topic, the method has been adopted First Ac tion as
Of fi cial Method 2003.11 for the spe cific and ex clu sive
anal y sis of cooked, diced chicken; cured ham; smoked
salmon; and pepperoni. Continue study.

(26) 996.08 Sal mo nella in Foods, VIDAS SLM Method:
Study Di rec tors, Wendy A. McMahon and Ron ald L.
John son. This method has been adopted Fi nal Ac tion, it is
there fore rec om mended that this topic be dis con tin ued.
More over, this topic is a du pli cate of 16, above.

(27) 2001.09 Sal mo nella in Se lected Foods by
Immuno-Con cen tra tion Sal mo nella (ICS) and ELFA: Study
Di rec tor, Wendy A. McMahon. This topic is a du pli cate of 19,
above, and should be deleted.

(28) 2001.08 Sal mo nella in Se lected Foods, HE, XLD,
and BS Pro ce dure: Study Di rec tor, Wendy A. McMahon. This 
topic is a du pli cate of 18, above, and should be de leted.

(29) 999.06 MOD (Hg135) Eval u a tion of VIDAS Lis te ria
(LIS) Immunoassay: Study Di rec tors, Ka ren M. Silbernagel
(re tired), rtech Lab o ra to ries, MS 0075, PO Box 64101, St.
Paul, MN 55164-0101, Tel: 651-766-1303, Fax:
651-486-0837, E-mail: kmsilbernagel@landolakes.com and
Deborah A. McIntyre, rtech Lab o ra to ries, MS 0075, PO Box
64101, St. Paul, MN 55164-0101, Tel: 651-481-2636, Fax:
651-486-0837, E-mail: DAMcIntyre@landolakes.com. This
mod i fied as say has been val i dated as de scribed pre vi ously
(see Col lab o ra tive Stud ies) and has been adopted First Ac tion. 
Change method num ber from 999.06 MOD (Hg135) to
2004.06, and continue study.

(30) 2003.01 (H-51) Enterobacteriaceae in Foods, Dry
Rehydratable Film Method: Study Di rec tor, Deborah A.
McIntyre. This method was ap proved First Ac tion in 2003.
Con tinue study.

(31) H995.22 MOD 5-23-01 TECRA En rich ment for
Lis te ria in Foods: Study Di rec tor, Ian Garthwaite, TECRA
In ter na tional Pty Ltd, 13 Rodborough Rd, Frenchs For est,
NSW, 2086, Aus tra lia, Tel: 61-2-8977-3000, Fax:
61-2-9453-3422, E-mail: ian.garthwaite@tecra.net. This
mod i fi ca tion of Method 995.22 uses a new and less toxic
en rich ment pro ce dure for the TECRA Lis te ria Vi sual
Imunoassay. This method mod i fi ca tion was adopted Fi nal
Ac tion in 2002 as Method 2002.09. This method was not
in tended to re place the orig i nal Method 995.22 but was
of fered as an al ter na tive for the anal y sis of raw meats,
pro cessed meats, fresh pro duce/veg e ta bles, fruit and fruit
juices, sea food, and dairy prod ucts (cul tured/noncul tured).
The Study Di rec tor re ports that the field ex pe ri ence with this
method has been fa vor able and rec om mends that the method
be adopted Fi nal Action. The co-General Referees concur.
Continue study. 

(32) H66 De ter mi na tion of Esch e richia coli in Flesh
Foods Us ing a Vi sual Immunoasay with a Mod i fied Cul ture
Pro ce dure: Study Di rec tor, Ian Garthwaite. Con tinue study.

(33) 2000.07 MOD 2-15-01 TECRA Unique Sal mo nella
Test: Study Di rec tor, Ian Garthwaite (see 30). A val i da tion
study was con ducted to ob tain ap proval of a spe cific method
mod i fi ca tion of the al ready ap proved UNIQUE Sal mo nella
test, Of fi cial Method 2000.07, to ex tend the ap pli ca bil ity of
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the method to fruit juices. In the mod i fied method, the
UNIQUE mod ule is in cu bated at 42°C rather than at 37°C. In
the val i da tion study, 60 rep li cate test por tions of or ange juice
(20 test por tions each at high inoculum, low inoculum, and
uninoculated lev els) were an a lyzed with the mod i fied
al ter na tive method and the ref er ence cul ture method. No
sig nif i cant dif fer ences were ob served in the num bers of
pos i tive test por tions with the 2 meth ods. This mod i fi ca tion of
the al ter na tive as say, Method 2000.07, was approved Revised
First Action in 2003. Continue study.

(34) 995.22 MOD 2/6/01 TECRA Lis te ria Vi sual
Immunoassay (VIA) for De tect ing Lis te ria spp. on
En vi ron men tal Sur faces: Study Di rec tor, Ian Garthwaite. The
TECRA Lis te ria VIA was ap proved First Ac tion in 1995 and
Fi nal Ac tion in 1998. The Study Di rec tor plans to ex tend the
ap pli ca bil ity of the method to de tect Lis te ria spp. on
en vi ron men tal sur faces. The precollaborative study has been
com pleted, and a pro to col for the col lab o ra tive study has been
ap proved by the Committee. Continue study.

(35) H17 Lis te ria in Se lected Foods by TECRA UNIQUE
2000 Lis te ria Method: Study Di rec tor, Ian Garthwaite. The
precollaborative study is in prog ress, and a pro to col for the
col lab o ra tive study has been ap proved by the Com mit tee. The
man u fac turer has re moved “2000" from the name of the as say. 
Thus, the ti tle of the topic should be changed to “Lis te ria in
Se lected Foods by TECRA UNIQUE Lis te ria Method.”
Continue study.

(36) H71 Staph y lo coc cus aureus in Foods, TECRA
STAPH AUREUS Vi sual Immunoassay: Study Di rec tor, Ian
Garthwaite. The precollaborative study is near ing com ple tion, 
and a pro to col for the col lab o ra tive study has been ap proved
by the Com mit tee. Continue study.

(37) 2000.07 MOD 5/9/01 Sal mo nella in Foods, Rapid
Colorimetric TECRA UNIQUE Test: Study Di rec tor, Ian
Garthwaite. The TECRA UNIQUE Sal mo nella Test was
ap proved First Ac tion in 2000 and Fi nal Ac tion in 2003.
How ever, the test kit man u fac turer has sub se quently mod i fied
the mod ule de sign so that the test may be read ei ther vi su ally
or with the aid of a reader, the lat ter op tion al low ing the as say
to be per formed ei ther man u ally or au to mat i cally. A study was 
con ducted to val i date the mod i fied UNIQUE as say for both
man ual and au to mated use. No sig nif i cant dif fer ences were
ob served be tween the UNIQUE as says (ei ther in the orig i nal
for mat or with the mi nor mod i fi ca tion in both man ual and
au to mated op er a tions) and with the BAM ref er ence
method (3). A study report has been submitted for review.
Continue study.

(38) 998.09 Sal mo nella in Foods, TECRA Sal mo nella
Vi sual Immunoassay, Val i da tion Study to Dem on strate
Equiv a lence of a Mi nor Mod i fi ca tion in 998.09 with
Ref er ence Cul ture Method: Study Di rec tor, Ian Garthwaite.
The TECRA Sal mo nella Vi sual Immunoassay (VIA), us ing
Rappaport-Vassiliadis (RV) me dium as the sin gle se lec tive
en rich ment broth, has Fi nal Ac tion ap proval. The test kit
man u fac turer has sub se quently de vel oped a more rapid
pro to col (TECRA UL TIMA) that in cludes a sam ple ad di tive,
thereby al low ing di rect anal y sis of the RV me dium in the VIA

with out sub se quent post en rich ment in M broth. An in-house
val i da tion study was con ducted to com pare mod i fied Method
998.09 with the ref er ence cul ture method (3). No sig nif i cant
dif fer ences were ob served in the per for mance of the
2 meth ods. First Ac tion ap proval of the mi nor mod i fi ca tion of
Method 998.09 has been granted so that the TECRA UL TIMA 
pro to col is now an ad di tional op tion within the method. The
ti tle of this topic should be changed to “998.06 MOD3/13/03
Val i da tion Study to Dem on strate Equiv a lence of a Mi nor
Mod i fi ca tion (TECRA UL TIMA Pro to col) to AOAC Method
998.09 (TECRA Sal mo nella Visual Immunoasssay) with the
Reference Culture Method.” Continue study.

(39) H2000.07 MOD 2/15/00 Com par a tive Val i da tion
Study to Dem on strate Equiv a lence of a Mod i fi ca tion of the
TECRA UNIQUE Sal mo nella Test to the Ref er ence Cul ture
Method, 967.25–967.28, for the De tec tion of Sal mo nella in
Foods: Study Di rec tor, Ian Garthwaite. The TECRA
UNIQUE Sal mo nella test was ap proved First Ac tion in 2000
and Fi nal Ac tion in 2003 for the anal y sis of all foods ex cept
raw flesh foods. The test kit man u fac turer plans to ex tend the
ap pli ca bil ity to all foods and to per mit the mod ule in cu ba tion
tem per a ture to be in creased to 42°C for all foods. Pro to cols
for precollaborative and col lab o ra tive stud ies have been
approved by the Committee. Continue study.

(40) Hg 130 VIDAS (LMO2) Immunoassay Method for
De tec tion of Lis te ria Spe cies in Foods: Study Di rec tors,
Ron ald L. John son and Deborah A. McIntyre. A col lab o ra tive
study has been con ducted, and the method has been ap proved
First Ac tion (see Col lab o ra tive Stud ies). Continue study.

(41) 2003.09 (Hg129) BAX Sys tem with Au to mated
De tec tion of Sal mo nella in Foods: Study Di rec tor, Deborah
A. McIntyre. This sys tem was ap proved First Ac tion Method
2003.09 in 2003. Con tinue study.

(42) 2001.05 (H-77) Staph y lo coc cus aureus in Foods,
Dry Rehydratable Film Method: Study Di rec tor, Deborah A.
McIntyre. This method has been adopted Fi nal Ac tion; it is
there fore rec om mended that this topic be dis con tin ued.

(43) 2003.07 (Hg128) 3M Petrifilm Staph Ex press Count
Plate Method for the Enu mer a tion of Staph y lo coc cus aureus
in Se lected Pro cessed and Pre pared Foods: Study Di rec tor,
Deborah A. McIntyre. This sys tem was ap proved First Ac tion
Method 2003.07 in 2003. Con tinue study.

(44) Hg 125 BAX Sys tem for De tec tion of Lis te ria
monocytogenes in Foods: Study Di rec tor, Deborah A.
McIntyre. Con tinue study.

(45) 2000.15 (H48) Coliform Counts in Foods, Dry
Rehydratable Film Method: Study Di rec tor, Deborah A.
McIntyre. This method was adopted First Ac tion in 2000. In
the ab sence of any ad verse re ports con cern ing this method,
the Gen eral Ref eree rec om mends that this method be adopted
Fi nal Ac tion. Con tinue study.

AOAC Research Institute Studies

The fol low ing stud ies have re cently been ap proved by the
AOAC Re search In sti tute (RI):
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(1) Microwell DNA Probe As say for De tec tion of Lis te ria
spp. in Foods: The GENE-TRAK Lis te ria Microwell Test
(Neogen Corp., Lan sing, MI) is a DNA probe-based
di ag nos tic in kit for mat, which per mits rapid de tec tion of
Lis te ria spp. in foods. Fol low ing test por tion preenrichment
and se lec tive en rich ment, tar get bac te ria are lysed
en zy mat i cally at 37°C, and Lis te ria-spe cific oligonucleotide
probes are added for a 60 min hy brid iza tion in cu ba tion at
45°C. If Lis te ria ri bo somal RNA (rRNA) is pres ent in the test
por tion, the de tec tor probe, la beled with horse rad ish
peroxidase (HRP), and a polydeoxyadenylic acid (poly
dA)-tailed cap ture probe will hy brid ize to the tar get or gan ism
rRNA se quences. Con cur rently, base pair ing be tween the poly 
dA-tailed cap ture probe and the polydeoxythymidylic (poly
dT) coated poly sty rene microwells fa cil i tates solid phase
cap ture of probe-tar get mol e cules. Un bound probe is re moved 
by wash ing, and then sub strate chromogen is added to re act
with HRP to yield a blue color. The re ac tion is stopped by the
ad di tion of sul fu ric acid, which changes the color of the
sub strate from blue to yel low. A microwell plate or microwell
strip reader (A450) mea sures absorbance. An absorbance in
ex cess of the thresh old value in di cates the pres ence of Lis te ria
in the test portion. Positive assay results must be confirmed by
standard culture methods.

Inclusivity test ing was con ducted with 52 strains
rep re sent ing all of the Lis te ria spe cies, and all of the strains
were re ac tive with the as say. Ex clu siv ity test ing was
con ducted with 33 strains other than Lis te ria spp., and all of
these strains were nonreactive.

An in-house com par a tive study was con ducted com pris ing
15 food types and a to tal of 920 test por tions. Per for mance of
the DNA hy brid iza tion method was com pared with that of the
USDA ref er ence cul ture method (2) for raw and cooked meat
and poul try prod ucts. The per for mance of the al ter na tive
method was com pared with that of the BAM method (3) for
the anal y sis of dairy prod ucts, seafoods, and veg e ta bles. In
com par i son to the USDA method, sen si tiv ity of the DNA
method was 96.0 ver sus 98.7% for the cul ture method.
Agree ment be tween the 2 meth ods was 97.1%. In com par i son
to the BAM method, sen si tiv ity of the DNA method was 98.1
ver sus 92.3% for the cul ture method. Agree ment was 94.0%.
The over all spec i fic ity of the DNA as say was 98.7%. Chi
square anal y sis in di cated no sta tis ti cally sig nif i cant
dif fer ences in per for mance be tween the DNA hy brid iza tion
method and the ap pro pri ate ref er ence cul ture method for any
of the 15 foods tested, with the sin gle ex cep tion of the Brie test 
por tions in oc u lated with the tar get analyte at the high level. In
this in stance, the DNA hy brid iza tion method showed a higher
de tec tion rate than did the ref er ence cul ture method. Re sults
of an in de pend ent laboratory study with 2 food types provided 
additional data supporting product claims.

With re spect to rug ged ness test ing, the fol low ing
pa ram e ters were in ves ti gated: (1) num ber of mix ing steps of
the lysed test por tion and the probe/hy brid iza tion so lu tion;
(2) vol ume of the pre mixed probe/hy brid iza tion so lu tion; (3)
num ber of wash steps; (4) hy brid iza tion in cu ba tion
tem per a ture; and (5) hy brid iza tion in cu ba tion time. Even

though mix ing did not seem to be an im por tant con trib u tor to
the ap pear ance of back ground, the man u fac turer rec om mends 
mix ing the lysed test por tions with the probe/hy brid iza tion
so lu tion 5 times to en sure com plete dis tri bu tion of the
formamide in the so lu tion. Rug ged ness test ing of a vari a tion
in the vol ume of the pre mixed probe/hy brid iza tion so lu tion
dem on strated that a vol ume of 0.125 mL probe/hy brid iza tion
so lu tion is needed. With out the proper con cen tra tion of
formamide (hy brid iza tion so lu tion) in the hy brid iza tion
re ac tion, the as say con di tions do not have the proper
strin gency, and false-pos i tive re ac tions may oc cur due to
mis match ing of the probe se quences with non-tar get rRNA
se quences. With re spect to vari a tion in the num ber of wash
steps, the man u fac turer rec om mends that the wells be washed
5 times be fore ad di tion of the sub strate chromogen so lu tion.
With re spect to rug ged ness test ing of a vari a tion in
hy brid iza tion in cu ba tion tem per a ture, the man u fac turer
rec om mends a tem per a ture of 45°C. Rug ged ness test ing of a
vari a tion in hy brid iza tion incubation time indicated that a
variation of up to 15 min above or below the recommended
time of 60 min does not affect the performance of the test. 

(2) RapidChek Meth ods for the De tec tion of Lis te ria
spe cies in a Va ri ety of Foods and on Se lected En vi ron men tal
Sur faces: Two RapidChek meth ods have been val i dated. The
RapidChek Lis te ria lat eral flow de vice (LFD) method uses
pro pri etary en rich ment me dia for a 1-step 40 h en rich ment,
and de tects Lis te ria spp. or gan isms on the LFD in 10 min. The 
RapidChek Lis te ria cul ture method also uses the same
pro pri etary me dia as a 1-step en rich ment, and de tects Lis te ria
spp. by streak ing on se lec tive agar plates as rec om mended by
stan dard ref er ence cul ture meth ods (2, 3). With the LFD, the
test por tion is en riched, boiled, and cooled. The test strip is
added di rectly to the tube con tain ing the cooled, boiled
en rich ment. The test por tion flows up the strip through a zone
con tain ing an ti body coated with col loi dal gold re agents
spe cific to Lis te ria spe cies. If an ti gens are pres ent in the test
por tion, they will bind with the an ti body con ju gates to form an 
an ti gen-an ti body com plex. As this com plex mi grates through
the nitrocellulose ma trix, it passes a zone of anti-Lis te ria
an ti body. If Lis te ria an ti gen is pres ent, the com plex is
cap tured in this zone and is vi su al ized by the for ma tion of a
red line. A sec ond zone on the mem brane is de signed as a
con trol to cap ture any an ti body-gold com plex not bound in
the first zone. As a re sult, when Lis te ria an ti gen is pres ent, the
for ma tion of 2 red lines is ob served. When no Lis te ria antigen
is present, only one line forms.

For the inclusivity study, all of 50 Lis te ria spp. strains were 
re ac tive with the LFD. With re spect to the ex clu siv ity study,
only one (Staph y lo coc cus aureus) of 30 non-Lis te ria strains
was re ac tive with the LFD when grown in brain heart in fu sion
broth, How ever, this same cul ture was nonreactive with the
LFD when grown in the pro pri etary media.

The 2 al ter na tive meth ods were com pared to the USDA
ref er ence method (2) for the anal y sis of deli tur key, pep per oni, 
roast beef, and frank furt ers and to the FDA ref er ence
method (3) for the anal y sis of milk, soft cheese, ice cream,
po tato salad, cooked shrimp, and smoked fish. More over, the
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2 al ter na tive meth ods were also com pared to the USDA
ref er ence method for the anal y sis of 3 types of en vi ron men tal
sur faces (stain less steel, painted con crete, and rub ber). A to tal
of 260 spiked test por tions were tested, with 189, 191, and
169 test por tions pos i tive with the RapidChek LFD method,
RapidChek cul ture method, and the ref er ence cul ture
meth ods, re spec tively. The over all agree ment of the
RapidChek LFD method and the ref er ence cul ture meth ods
was 90%, whereas the agree ment be tween the RapidChek
culture method and the reference methods was 89%.

Rug ged ness test ing in volved de ter mi na tion of vari a tion of
the fol low ing fac tors on the per for mance of the al ter na tive
method: (1) tem per a ture of in cu ba tion of the LFD (4°, 25°,
and 45°C); (2) pe riod of in cu ba tion (5, 8, 10, 15, and 20 min);
(3) vol ume of test por tion (300, 400, and 500 mL);
(4) autoclaving ver sus nonautoclaving of pro pri etary me dia;
(5) boil ing time of in cu bated en rich ment me dia (5, 10, 15, and
30 min); and (6) en rich ment vol ume for sponges (60 and
100 mL). The spec i fied vari a tions in these pa ram e ters had no
sig nif i cant effect on the performance of the LFD. 

(3) RAPID L. Mono Agar for Iden ti fi ca tion of Lis te ria
monocytogenes in Se lected Foods: This agar (Bio-Rad
Lab o ra to ries, Her cu les, CA) re lies on the spe cific de tec tion of
phosphatidylinositol phospholipase C (PIPLC) ac tiv ity of
L. monocytogenes, re sult ing in a blue col ony, and the in abil ity
of this spe cies to me tab o lize xylose. The only spe cies of
Lis te ria to dem on strate PIPLC ac tiv ity are L. monocytogenes
and L. ivanovii. The ad di tion of xylose to this me dium al lows
for dif fer en ti a tion of these 2 spe cies, be cause
L. monocytogenes does not me tab o lize xylose. L. ivanovii
pro duces col o nies with a dis tinct yel low halo based on its
abil ity to me tab o lize xylose, whereas L. monocytogenes will
lack this halo. The other non patho genic spe cies of Lis te ria,
namely L. innocua, L. welshimeri, L. seeligeri, and L. grayi,
do not ex hibit PIPLC ac tiv ity, and pro duce white col o nies on
this agar. L. welshimeri will me tab o lize xylose and will
there fore pro duce a white col ony with a yel low halo. The
se lec tive so lu tion con tained in this me dium inhibits the
majority of interfering bacterial microflora, yeasts, and molds.

For the inclusivity study, 171 of 172 L. monocytogenes
strains pro duced typ i cal blue col o nies on this agar, for a
sen si tiv ity of 99.4%. For the ex clu siv ity study, all of
74 non L. monocytogenes cul tures pro duced no typ i cal
col o nies on this agar, for a spec i fic ity of 100%.

For the re peat abil ity stud ies, 3 food types (Brie, surimi, and 
mixed salad) were ex am ined by the in ter nal lab o ra tory. The
foods were an a lyzed by the al ter na tive method and ei ther of
2 ref er ence meth ods: AOAC (1) or FDA (3). The in de pend ent
lab o ra tory an a lyzed deli tur key. Method agree ment for the
al ter na tive and ref er ence cul ture meth ods ranged from 80 to
100%. There were no sta tis ti cally sig nif i cant dif fer ences
be tween the al ter na tive and ref er ence methods for all of the
4 food types tested.

Rug ged ness test ing in volved 3 vari a tions: (1) type of
en rich ment broth (Demi-Fra ser broth ver sus Lis te ria
en rich ment broth); (2) in cu ba tion tem per a ture of the
al ter na tive agar; and (3) in cu ba tion time for the al ter na tive

agar. None of these vari a tions af fected the performance of this
agar.

(4) Roche/BIOTECON Di ag nos tics LightCycler-Sal mo nella
De tec tion Kit for Sal mo nella spp. in Com bi na tion with
Sal mo nella ShortPrep Kit: This method is based on a
real-time poly mer ase chain re ac tion (PCR). This method has
been de signed to re duce the time nec es sary to achieve re sults
from PCR re ac tions and to en able the user to mon i tor the
am pli fi ca tion of the PCR prod uct si mul ta neously, in real time.
Af ter DNA iso la tion us ing the Roche/BIOTECON
Sal mo nella ShortPrep kit (BIOTECON, Potsdam, Ger many)
de signed for rapid prep a ra tion of Sal mo nella DNA for di rect
use in PCR, the real-time de tec tion of Sal mo nella DNA is
per formed with the Roche/BIOTECON LightCycler-Sal mo nella
Detection kit. 

For the inclusivity study, 707 Sal mo nella strains were
tested, and all re acted pos i tively with the as say. For the
ex clu siv ity study, 51 Enterobacteriaceae and other bac te rial
strains were tested, and none of these iso lates re acted with the
assay.

For the re peat abil ity stud ies, 20 dif fer ent food types,
rep re sent ing 15 food cat e go ries rec om mended by the RI, were 
an a lyzed. The foods were in oc u lated to achieve low
(1–10 CFU/25 g) and high (10–50 CFU/25 g) lev els of
Sal mo nella or gan isms on the day of ini ti a tion of anal y ses. The 
foods were an a lyzed by the al ter na tive method and ei ther of
2 ref er ence meth ods, USDA (2) or FDA (3), de pend ing on the
ma trix. The sen si tiv ity of the PCR method com pared
fa vor ably with those of the ref er ence cul ture meth ods at the
low in oc u la tion level (100 ver sus 97.0%, re spec tively) and at
the high in oc u la tion level (100 ver sus 99.7%, re spec tively).
Re sults from an in de pend ent lab o ra tory an a lyz ing a single
food type provided additional data to support product claims.

The rug ged ness tests showed no in flu ences to any vari a tion 
of the fol low ing pa ram e ters: time for set tle ment of en riched
food test por tion, vol umes for test por tion, and (3) in cu ba tion
tem per a tures for the DNA prep a ra tion pro ce dure and for the
PCR set up.

(5) BAX Sys tem for the De tec tion of Esch e richia coli
O157:H7 in Ap ple Ci der, Or ange Juice, and Raw, Ground
Beef: The BAX sys tem (DuPont Qualicon, Wilmington, DE)
uses the PCR to am plify a spe cific frag ment of bac te rial DNA, 
which is sta ble and un af fected by the growth en vi ron ment.
The frag ment is a ge netic se quence that is unique to the E. coli
O157:H7 serovar, thus pro vid ing a re li able in di ca tor that the
or gan ism is pres ent. This al ter na tive method sim pli fies the
PCR pro cess by com bin ing the req ui site prim ers, poly mer ase,
and nu cleo tides into a sta ble tab let al ready pack aged in side
the PCR tubes. Af ter am pli fi ca tion, these tubes re main sealed
for the de tec tion phase, thereby sig nif i cantly re duc ing the
po ten tial for con tam i na tion with one or more molecules of
amplified PCR product. 

This sys tem uses flu o res cent de tec tion to an a lyze the
am pli fied PCR prod uct. Each PCR tab let con tains a
flu o res cent dye which binds with dou ble-stranded DNA and
emits a sig nal in re sponse to ex ci ta tion light. Dur ing the
de tec tion phase, the tem per a ture of the test por tions is slowly
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in creased to de na ture the DNA. This ac tion re leases the dye
and causes a drop in the emis sion sig nal. This sys tem
mea sures the de na tur ation tem per a ture and the mag ni tude of
the flu o res cent sig nal change, and then an a lyzes those data to
determine a positive or negative result.

For the inclusivity test ing, the al ter na tive method was
re ac tive with all of 50 E. coli O157:H7 strains tested.
Ex clu siv ity re sults were 100% ac cu rate for 10 non-E. coli
strains, 10 E. coli non-O157 strains, and 11 E. coli
O157:non-H7 strains.

The in ter nal re peat abil ity study for the anal y sis of ap ple
ci der and or ange juice showed no sig nif i cant dif fer ence
be tween the al ter na tive method and the BAM method (3). The 
ex ter nal study for the anal y sis of ground beef in cluded
vari a tions in en rich ment me dia, as well as for time and
tem per a ture of in cu ba tion for the al ter na tive method. All of
the al ter na tive method vari a tion treat ments dem on strated
greater or com pa ra ble sen si tiv ity and spec i fic ity than did the
USDA reference culture method (2).

(6) Genevision Method for De tec tion of Esch e richia coli
O157:H7 in Ground Beef: The Genevision sys tem (Warnex
Di ag nos tics, Inc., Laval, Que bec, Can ada) uses cus tom ized
microplates and real-time PCR tech nol ogy for de tec tion of the 
tar get analyte. Each microplate con tains all the in gre di ents
needed to de tect the tar get analyte. An as sess ment of tar get
analyte con tam i na tion is made by spe cif i cally iden ti fy ing the
DNA sig na ture of the tar get analyte or gan ism in a se ries of
se quen tial steps that in clude test por tion col lec tion,
en rich ment, DNA ex trac tion, and DNA amplification by
real-time PCR.

The flu o res cence of the mo lec u lar bea cons oc curs once
they rec og nize the tar get bac te rial DNA se quence. The
amount of flu o res cence pro duced is pro por tional to the
amount of DNA am pli fied and rec og nized by the bea con. In
the ab sence of the tar get bac te ria in food test por tions, no
flu o res cence signal is detected. 

For the inclusivity study, all of 62 E. coli O157:H7 strains
were re ac tive with the as say. For the excusivity study, 447 of
450 (99.3%) non-tar get analyte strains were nonreactive with
the as say.

An in de pend ent lab o ra tory study of this method was
con ducted in which the per for mance of the al ter na tive method 
was com pared with that of the ref er ence cul ture method (2).
Each test por tion set con sisted of forty-five 25 g ground beef
test por tions in oc u lated as fol lows: 20 rep li cates at the high
level of in oc u la tion with the tar get analyte (37.5 CFU/25 g),
20 rep li cates at the low level of in oc u la tion (2.3 CFU/25 g),
and 5 uninoculated con trol rep li cates. In the in de pend ent
study, the sen si tiv ity of the al ter na tive method was equal to, or 
ex ceeded, that of the ref er ence culture method at both levels of 
inoculation.

Rug ged ness test ing in volved the de ter mi na tion of vari a tion 
of the fol low ing 3 fac tors on the per for mance of the
al ter na tive method: (1) rehydrating the lyophilized
com po nent of ex trac tion buffer with half the re quired amount
of rehydrating fluid; (2) trans fer ring in the de tec tion plate
20% of the rec om mended amount of ex tracted DNA; and

(3) in vert ing the vol umes of com po nent of PCR mas ter mix
and DNA (10 mL com po nent of PCR mas ter mix and 15 mL
DNA test por tion in stead of 15 mL com po nent of PCR mas ter
mix and 10 mL DNA test por tion). All de vi a tions had no
sig nif i cant ef fect on the performance of the alternative
method.

(7) Genevision Method for De tec tion of Esch e richia coli
O157 in Ground Beef: The mode of ac tion for the Genevision
sys tem (Warnex Di ag nos tics, Inc.) for the de tec tion of E. coli
O157 in ground beef is the same as the Genevision sys tem for
the de tec tion of E. coli O157:H7 in ground beef (see 6).

For the inclusivity study, all of 70 E. coli O157 strains were 
re ac tive with the as say. For the ex clu siv ity study, all of
456 non-tar get analyte or gan isms were nonreactive with the
assay.

An in de pend ent lab o ra tory of this method was con ducted
as de scribed pre vi ously (see 6). In this study, the sen si tiv ity of
the al ter na tive method was equal to, or ex ceeded, that of the
ref er ence cul ture method at both lev els of inoculation.

Rug ged ness test ing was per formed as de scribed pre vi ously 
and with sim i lar re sults (see 6). 

(8) SINGLEPATH E. coli O157 for the De tec tion of
Esch e richia coli O157 in Pas teur ized Whole Milk and Raw,
Ground Beef: The Singlepath E. coli O157 sys tem (Merck
KgaA, Darmstadt, Ger many) is an immunochromatographic
test which uses gold-la beled an ti bod ies. The test de vice has a
cir cu lar sam ple port and an oval-shaped test and con trol
win dow. Af ter ap pro pri ate en rich ment, the test por tion broth
is ap plied to the nitrocellulose mem brane by way of the
sam ple port. The test por tion is ab sorbed through the pad to
the re ac tion zone con tain ing col loi dal, gold-la beled an ti bod ies 
spe cific to E. coli O157 (in clud ing E. coli O157:H7). Any
E. coli O157 an ti gen pres ent com plexes with the gold-la beled
an ti body and mi grates over the mem brane un til it en coun ters
the bind ing zone in the test area. The bind ing zone con tains
an other anti-E. coli O157 an ti body, which im mo bi lizes any
E. coli O157 an ti body com plex pres ent. Be cause of the gold
la bel ing, a dis tinct red line is formed. The re main der of the test 
por tion con tin ues to mi grate to a sec ond bind ing re agent zone
within the con trol zone, where it forms a sec ond dis tinct red
line which serves as the pos i tive con trol. In the con trol zone,
an an ti body, di rected against the gold-la beled an ti body, is
im mo bi lized onto the mem brane. Ir re spec tive of whether any
E. coli O157 or gan isms are pres ent, this dis tinct red line is
al ways formed in the con trol zone, thereby en sur ing that the
test has been per formed prop erly. When E. coli O157
or gan isms are pres ent in the test por tion, the for ma tion of
2 dis tinct red lines is ob served. When only one red line
(con trol) is ob served, there are no E. coli O157 organisms in
the test portion. 

Inclusivity test ing was con ducted with 60 E. coli O157
iso lates, and all of these iso lates were pos i tive with this as say.
Ex clu siv ity test ing was con ducted with 36 bac te rial iso lates
that in cluded mem bers of the Enterobacteriaceae (other than
E. coli O157), other gram-neg a tive or gan isms, and
gram-pos i tive or gan isms. All of these 36 cul tures were
negative with the assay.
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In the in ter nal lab o ra tory study of raw, ground beef
in oc u lated at a level of 0.23 E. coli O157 CFU/25 g, there was
100% agree ment be tween the al ter na tive and ref er ence
cul ture meth ods (2). In the in de pend ent lab o ra tory study of
pas teur ized whole milk in oc u lated at a level of 1 E. coli O157
CFU/25 g, the al ter na tive method de tected 15% more pos i tive
test por tions than did the reference culture method (3).

With re spect to rug ged ness test ing, vari a tion of the
fol low ing pa ram e ters on the per for mance of the al ter na tive
method was in ves ti gated: lapse of time be tween the open ing
of the foil pouch con tain ing test de vices and the ini ti a tion of
test (2 and 2.5 h); in cu ba tion of test de vice (18°, 20°, and
25°C); and pe riod of in cu ba tion (15, 20, and 25 min). The
per for mance of the al ter na tive method was not sig nif i cantly
af fected by variation in any of these parameters.

(9) Transia Card E. coli O157 for De tec tion of
Esch e richia coli O157 in Raw, Ground Beef: This sys tem
(Diffchamb AB, Vasta Frolunda, Swe den) is based on an
immunochromatographic test us ing col loi dal gold-la beled
an ti bod ies as tracer and an other anti-E. coli O157 an ti body
coated on a nitrocellulose mem brane as the solid phase. The
test de vice has a sam ple port and a re sult win dow con tain ing
test and con trol zones. The test por tion is ap plied to the de vice
by way of the sam ple well and is ab sorbed in the re ac tion pad
con tain ing col loi dal gold-la beled an ti bod ies spe cific to E. coli
O157. Any E. coli O157 an ti gens pres ent will com plex with
the gold-la beled an ti bod ies and mi grate to the test zone. The
test zone con tains an other anti-E. coli O157 an ti body which
im mo bi lizes any E. coli O157-col loi dal gold an ti body
com plex pres ent. Be cause of the gold-la bel ing, a dis tinct
red dish-pur ple line is then formed. The test por tion con tin ues
to mi grate to the con trol zone which con tains an other bind ing
re agent. A dis tinct red dish-pur ple line (pos i tive con trol) is
formed in the con trol zone re gard less of the pres ence or
ab sence of E. coli O157 antigen. This control assures the
analyst that the test is working properly.

For the inclusivity study, all of 50 E. coli O157 cul tures
were re ac tive with the as say. For the ex clu siv ity study, 57 of
58 non-E. coli O157 cul tures were nonreactive with the assay.

An in de pend ent lab o ra tory study of this method was
con ducted in which the per for mance of the al ter na tive method 
was com pared with that of the ref er ence cul ture method (2).
Each test por tion set con sisted of forty-five 25 g raw, ground
beef test por tions in oc u lated as fol lows: 20 rep li cates at the
low level of in oc u la tion (6 CFU E. coli O157/25 g) ex am ined
by the al ter na tive method; 20 rep li cates at the low level of
in oc u la tion (6 CFU E. coli O157/25 g) ex am ined by the
ref er ence cul ture method (2); and 5 uninoculated con trol
rep li cates. In this study, the performance of the 2 methods was
equivalent.

Rug ged ness test ing in volved de ter mi na tion of vari a tion of
the fol low ing 2 fac tors on the per for mance of the al ter na tive
method: vol ume of test por tion added to the sam ple well (80,
120, and 160 mL), and in cu ba tion time (3, 5, 10, 15, and
20 min). The re sults dem on strated that all 3 test por tion
vol umes re sulted in a pos i tive as say re sult, but that a min i mum 

in cu ba tion time of 5 min is needed to ob tain a clearly pos i tive
signal in the alternative method assay.

(10) BioSys/MicroFoss COLIFORM Test for
Enu mer a tion of Coliforms in Choc o late, Raw Eggs, Whole
Chicken, Ground Beef, and Pork Sau sage: The
BioSys/MicroFoss sys tem (BioSys, Inc., Ann Ar bor, MI)
mea sures mi cro bial growth by mon i tor ing changes in pH or
other bio chem i cal re ac tions that re sult in a color change as the
mi cro or gan isms in the broth grow and me tab o lize. Test
por tions are in oc u lated in ready-to-use vi als that con tain broth 
spe cific to the as say. This broth con tains a peptone-yeast
ex tract broth base with lac tose as the car bon source. The
se lec tive agents in clude bile salts, so dium lauryl sul fate, and
other gram-pos i tive in hib i tors. Acid i fi ca tion of the me dium
caused by lac tose uti li za tion by coliforms changes the pH.
Bromocresol pur ple, the pH in di ca tor, changes from pur ple to
yel low. The vi als con tain, at the bot tom, an agar bar rier layer
that sep a rates the test por tion con tain ing liq uid broth from the
op ti cal mea sur ing area. The color changes in the agar mir ror
the color change in the broth, with out letting the test portion
particles or turbidity influence the measurements.

Light from light-emit ting di odes passes through the agar,
and a photo di ode on the other side of the vial reads the color
change as mi cro bial growth oc curs. A mea sure ment is taken
ev ery 6 min. As soon as a color change is de tected, the time of
such de tec tion is re corded. De tec tion times are in versely
re lated to the num ber of or gan isms in the test portion.

With re spect to the inclusivity study, all of 55 coliform
cul tures were re ac tive with the as say. For the ex clu siv ity
study, 51 of 53 noncoliform cul tures were nonre ac tive with
the as say. The 2 noncoliform cul tures that were re ac tive with
the as say were S. Typhimurium and S. Senftenberg.

For the re peat abil ity study, choc o late and liq uid eggs were
ar ti fi cially con tam i nated, whereas whole chicken, ground
beef, and pork sau sage were nat u rally con tam i nated. Four
lev els of paired sam ples were pre pared so that the fol low ing
lev els of coliforms were used in the ar ti fi cially con tam i nated
test por tions: 0, 10–100, 100–1000, and 1000–10 000 CFU/g.
The nat u rally con tam i nated foods con tained nat u rally
oc cur ring coliforms at each of 3 lev els. Test por tions were
an a lyzed for coliforms by the al ter na tive method and the solid
me dium pro ce dure (vi o let red bile agar) of the ref er ence
cul ture method (3). There was close agree ment be tween the
2 meth ods with correlation coefficients ranging from 0.92 to
0.99.

With re spect to rug ged ness test ing, vari a tion in test por tion
vol ume, broth vol ume, and in cu ba tion tem per a ture
dem on strated in sig nif i cant changes in detection times.

(11) Com pact Dry TC for To tal Mi cro bial Counts in Raw
Meats: This sys tem (Nissui Phar ma ceu ti cal Co., To kyo,
Ja pan) con sists of a plas tic de vice con tain ing a sheet of
de hy drated non-se lec tive me dium con tain ing peptone, yeast
ex tract, glu cose, phos phate buffer, mag ne sium chlo ride, al gae
poly sac cha rides (so lid i fy ing agent), and 2, 3, 5 triphenyl
tetrazolium chlo ride as a re dox in di ca tor. A buff er ing so lu tion
is added to the test por tion and ho mog e nized. Se rial 10-fold
di lu tions are made, and 1 mL inoculum is pipetted into the
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mid dle of the dry sheet. The inoculum dif fuses evenly
through out the sheet, trans form ing the sheet to a gel within
sec onds. Dur ing in cu ba tion, vi a ble or gan isms re act with the
in di ca tor dye to pro duce red col o nies. These col o nies are
counted as in the con ven tional pour plat ing pro ce dure in
Of fi cial Method 966.23 (1).

This method was val i dated in the in ter nal lab o ra tory with
4 dif fer ent types of raw meat (raw pork; raw, ground pork; raw 
lamb; and raw veal). This method was val i dated at both 35°C
(tem per a ture pri mar ily used in North Amer i can lab o ra to ries)
and at 30°C (tem per a ture pri mar ily used in Eu ro pean
lab o ra to ries). No sig nif i cant dif fer ences were ob served in the
per for mance of the 2 meth ods. With re spect to ac cu racy for all 
pooled test por tion data, cor re la tion fac tors of R

2 
35 = 0.9977

(35°C in cu ba tion tem per a ture) and of R
2 

30 = 0.9932 (30°C
in cu ba tion tem per a ture) were ob served. In the in de pend ent
study us ing raw, ground beef, no sig nif i cant dif fer ences were
observed between the alternative and reference methods.

For rug ged ness test ing, the ef fect of vari a tions in inocula
vol umes (0.8, 1.0, and 1.2 mL); in cu ba tion tem per a ture (30°,
35°, and 37°C), and in cu ba tion pe ri ods (18, 24, 27, 42, 48, 51,
66, and 72 h) on the per for mance of the al ter na tive method
was de ter mined. Vari a tions in inocula vol ume had no ef fect on 
method per for mance. Vari a tions in in cu ba tion tem per a tures
and in cu ba tion pe ri ods, how ever, re sulted in dif fer ent lev els
of aer o bic plate counts, thus ver i fy ing the im por tance of us ing
the al ter na tive method plates at a defined incubation
temperature and period.
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Sum mary

The U.S. Environmental Protection Agency’s (EPA)
Office of Pesticide Programs (OPP) has the responsibility for

regulating antimicrobial products, including sporicides, used
to treat and decontaminate inanimate surfaces. In response to
the anthrax (Bacillus anthracis) attacks of 2001 and the
associated need for verifying the performance of chemicals
for building decontamination, the EPA initiated research in
late 2003 to evaluate and improve efficacy test methods for
sporicides. The OPP Microbiology Laboratory located at the
Environmental Science Center, Ft. Meade, MD is the lead
laboratory. Through funding provided by EPA’s Office of
Research and Development (Safe Buildings Program), a
collaborative research plan has been established to address
several key issues. Research is currently being conducted on
2 fronts: (1) the evaluation of quantitative methodology for
assessing the efficacy of sporicides, and (2) the development
and comparative testing of selected modifications to improve
the AOAC Sporicidal Activity Test (AOAC Method 966.04).
Future studies will include the evaluation of candidate
surrogates of B. anthracis using a quantitative method, and a
multilaboratory validation study of a quantitative
method—surrogate combination.

The General Referee is serving as the Principal
Investigator for all research described in this report, and has
the overall responsibility for the technical conduct of the
projects. In cases where the General Referee has oversight of
projects that involve official collaborative studies and
validation support from AOAC INTERNATIONAL, AOAC
officials and the Committee Chair will determine the
appropriate mechanism for formal study review. The 2003
General Referee report provides the background on the
development and direction of the research projects. The
preliminary data, general conclusions, next steps, and
recommendations are provided in this report. 

Selected Study Director Topics

Currently, the EPA accepts the AOAC Sporicidal Activity
Test, AOAC Method 966.04, for generating efficacy data for
sporicides. AOAC Method 966.04 provides a qualitative
measure of product efficacy against spores of Bacillus subtilis
and Clostridium sporogenes. The suitability of AOAC
Method 966.04 for evaluating sporicidal chemicals has been
challenged because of its limitations (e.g., qualitative nature,
applicable for liquid and gaseous chemicals only), and lack of
standardization in several critical steps. The purpose of the
initial research is to evaluate quantitative efficacy test methods 
for liquid sporicidal chemicals on hard surfaces. In addition,
modifications to the AOAC method are being investigated as a
shorter-term/interim approach to improve the efficacy
assessment of liquid sporicides. The data generated from these
studies will be used to develop additional research projects and
aid in the validation of a selected test method and surrogate for
B. anthracis. Ultimately, the data, analyses, and study
conclusions will be used to develop regulatory guidelines (i.e.,
new performance standards) for sporicidal products to be used
in the treatment of buildings and contents contaminated with
spores of B. anthracis. 
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Test Method Comparison Study 

Three methods were selected for comparative
investigation: AOAC Method 966.04 (1); Standard
Quantitative Carrier Test Method-ASTM E 2111-00 (2); and
Three Step Method (TSM), an adaptation of a quantitative
micro-method as reported by Sagripanti and Bonifacino (3).
AOAC Method 966.04 was included in the study as the gold
standard due to its acceptance by EPA and the U.S. Food and
Drug Administration (FDA) for regulatory performance
standards for sporicides/sterilants. In early 2004, 3 federal
laboratories conducted the studies in a standardized fashion: 
OPP Microbiology Laboratory, Ft. Meade, MD; FDA Denver
District Laboratory, Denver, CO; and the U.S. Army
Edgewood Chemical Biological Center, Aberdeen Proving
Ground, MD. Prior to initiating the research, an on-site
readiness review was conducted at each participating
laboratory by the OPP Microbiology Laboratory Quality
Assurance Unit to ensure compliance with a Quality
Assurance Project Plan (QAPP), i.e., each laboratory was
required to perform the necessary quality control activities
consistent with EPA Good Laboratory Practices. Hands-on
training was conducted for each test method to provide greater 
consistency of expertise from laboratory to laboratory, and
precollaborative studies were conducted to establish test
variables. A randomized test matrix, forms, data sheets, test
chemicals, and selected reagents were provided by the lead
laboratory (OPP Microbiology Laboratory).

AOAC Method 966.04 calls for treating 60 inoculated
porcelain penicylinders (carriers) with the sporicidal agent,
neutralizing the agent, and recovering viable spores in a liquid 
growth medium. Following treatment, each of the 60 carriers
(EPA requirement) is evaluated for growth following
incubation (21 days). Efficacy results from the AOAC
Method 966.04 are scored as positive (tubes with growth) or
negative (tubes without growth). Although currently not part
of AOAC Method 966.04, control carrier spore titer was
evaluated and used to estimate log reduction (LR) of spores to
allow for comparison between the AOAC Method 966.04 and
the quantitative methods. The AOAC data were subjected to
calculations per Hamilton et al. (4) to estimate the LR.

ASTM Method E 2111-00 uses a glass vial as the carrier,
with 10 carriers per test. Following exposure, the sporicidal
agent (1 mL) is neutralized, the spores are recovered using
stirring and vortexing, and viable spores are recovered on
filters.

TSM uses 5 ´ 5 mm glass coupons to deliver spores into
the sporicidal agent (400 mL) contained in 1.5 mL
microcentrifuge tubes, 3 coupons per test. Following
exposure, spores are removed from the carriers in 3 fractions
by sonication and vortexing. Liquid from each fraction is
plated on recovery medium for enumeration. For both
quantitative tests, control counts were compared to the treated
counts, and the degree of efficacy was determined by
calculating the LR; LR = log10 (CFU/control carrier)–log10

(CFU/treated carrier). 

Spores of Bacillus subtilis (ATCC 19659) were used.
Inoculated porcelain penicylinders and spore suspensions
were purchased from Presque Isle Cultures, 3804 West Lake
Rd, PO Box 8191, Erie, PA 16505. In this study, the target
spore load for the AOAC Method 966.04 was 1.0 ´ 10

6

spores/carrier with a minimum of 2.0 ́  10
5
 spores/carrier. The 

spore suspension used to inoculate carriers for the quantitative 
tests was generated by concentrating spores from the soil
extract nutrient broth (per the AOAC Method 966.04). The
target carrier load for both quantitative tests was 1.0 ´ 10

7

spores/carrier. For each test method, horse serum (5%, v/v)
was added to spores prior to inoculation to provide organic
burden. Three test chemicals representing strong and weak
sporicides were evaluated. The strong sporicidal treatments
were sodium hypochlorite (3000 ppm, adjusted to pH 7.0) and 
a commercial sporicide containing 0.8% hydrogen peroxide
and 0.06% peracetic acid. The weak sporicide treatment was
sodium hypochlorite at 3000 ppm with an unadjusted pH. In
addition, sodium hypochlorite was tested at 6000 ppm,
adjusted to pH 7.0 in the AOAC Method. The contact time
was 10 min for all treatments except the 6000 ppm sodium
hypochlorite (30 min). Each laboratory tested each chemical
3 times (1 replication per day) with each test method. Analysis 
of variance for each combination of test method and test
chemical was conducted to estimate the repeatability (within
laboratory) standard deviation of Log10 reduction (LR)
values, the reproducibility (between laboratory) standard
deviation (SD) of LR values, and the within-test,
intralaboratory, and interlaboratory components of variance.

The preliminary data analysis indicates that mean control
counts (spores/carrier) for each test method fell within the
expected target level; 1.5 ́  10

6
 for AOAC Method 966.04, 1.2 

´ 10
7 

 for the ASTM method, and 3.1 ´ 10
7
 for the TSM.

Control carrier counts for the quantitative methods exhibited
low SD within and between laboratories, thus indicating a
high degree of reproducibility. The AOAC Method 966.04
exhibited consistent counts as well; however, only one set of
carrier counts was required for each laboratory, and the
repeatability SD was not calculated. Compared to the SD
associated with other antimicrobial test methods (5), the
ASTM and the TSM exhibited small and acceptable
repeatability SD and reproducibility SD when challenged
against the strong and weak sporicides. For the combined LR
data for effective treatments, the reproducibility SD values
associated with the ASTM and TSM were 0.46 and 0.49,
respectively. The LR values for each test method ´ treatment
combination are presented in Table 1. For the AOAC Method,
60 out of 60 carriers were positive in 4 of 6 tests for the sodium 
hypochlorite (3000 ppm with unadjusted pH); the number of
positive carriers ranged from 16 to 56 across 6 tests for the
sodium hypochlorite (3000 ppm, adjusted to pH 7.0). For the
commercial sporicide containing 0.8% hydrogen peroxide
and 0.06% peracetic acid, the number of positive culture tubes 
ranged from 5 to 60 across 6 tests. In 4 of 6 AOAC tests, the
6000 ppm, adjusted pH treatment exhibited 0 positives.

Because the statistical similarities between the quantitative
methods, other attributes such as ease of using the protocols,
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amount of training necessary, logistics for setting up the test,
number of technique-sensitive steps, and the human resources
needed to conduct the test will be considered. A questionnaire
was submitted to the analysts who conducted testing, and their 
responses were considered prior to selecting a method.
Overall, TSM was determined to be the most suitable method,
and was selected for further research.

The General Referee recommends continued research in
method development for disinfectant testing. This initiative
represents the first in a series of projects designed to advance
our knowledge of quantitative sporicidal efficacy testing and
surrogates for B. anthracis. The TSM will be advanced for
future study (e.g., testing of surrogates of B. anthracis) and
will be subjected to validation testing across multiple
independent laboratories. Conducting the tests side-by-side in
a comparative, standardized fashion has provided information 
on various method attributes such as throughput, technical
expertise, within- and between-laboratory variability, and the use 
of LR as a measure of sporicidal efficacy. The EPA has entered
into a contractual relationship with AOAC INTERNATIONAL
to support this effort. 

Modifications to AOAC Method 966.04: Collaborative
studies will be conducted to officially modify and improve
AOAC Method 966.04 to eliminate and/or reduce variability
associated with important steps. Data comparing the current
method and the modified version will be required to support
the modifications. Three federal laboratories are participating
in this effort:  OPP Microbiology Laboratory, Ft. Meade, MD;
FDA Winchester Engineering and Analytical Center,
Winchester (WEAC), MA; and the U.S. Air Force Research
Laboratory, Aberdeen Proving Ground, MD. Anticipated
modifications are listed below. Several of the modifications
listed (Nos. 1, 2, and 4) were previously proposed by scientists 
at FDA-WEAC. Modifications 1–7 are associated with
B. subtilis only and will be limited to liquid sporicides and to
hard surfaces (porcelain carriers). For C. sporogenes, only
modification 8 applies. (1) Sporulation medium.—The
current sporulation medium, the AOAC soil extract nutrient
broth, is highly variable and uses raw garden soil as the source

of minerals. The use of a synthetic, standardized sporulation
medium (e.g., nutrient agar amended 5 mg/L manganese
sulfate) is being evaluated. (2) Carriers.—The porcelain
carriers are somewhat porous and the surface can become
variable upon reuse. Stainless steel carriers will be used as an
alternative hard surface material. (3) Spore
enumeration.—The method does not provide instructions for
performing carrier counts. Thus, the addition of a carrier count 
procedure for enumeration of spore inoculum is an essential
modification and will be necessary to achieve items 4 and 6.
(4) Spore titer.—The establishment of a minimum spore titer
per carrier is necessary. The method does not indicate a lower
limit; 2.0 ´ 10

5
 spores/carrier will be proposed.

(5) Neutralization.—The method does not include a
procedure to confirm neutralizer effectiveness. A
neutralization confirmation procedure is being evaluated.
(6) Data transformation.—The application of a data
transformation procedure (control counts and qualitative data
used to estimate Log10 reduction) will be proposed.
(7) Wash-off.—Wash-off of inoculum from carriers into the
sporicide during exposure may lead to the loss of viable,
recoverable spores. The method will be modified to include a
step to assess the sporicide for viable spores following carrier
exposure. (8) Egg Meat Medium.—A replacement for the Egg
Meat Medium used for spore production of C. sporogenes will 
be pursued (e.g., Cooked Meat Medium). The commercial
source, Becton Dickenson, has discontinued production of
Difco Egg Meat Medium because of lack of sales.

For this study, the General Referee will serve as the Study
Director. To avoid even the appearance of any bias, an Acting
General Referee will be appointed. A Topic Advisor
appointed from the membership of the AOAC Presidential
Task Group on Disinfectants will provide additional technical
input. The EPA recommended that the Peer-Verified
Methods

SM
 program approach be used for the modification of

AOAC Method 966.04. However, because AOAC Method
966.04 is an Official Method

SM
, a modification through the

Official Methods
SM

 program will provide a higher level of
confidence. A multilaboratory validation may be sufficient to
make the modifications to an AOAC Official Method

SM

within the Official Methods
SM

 program. This approach has
been confirmed to be acceptable by Darryl Sullivan,
Chairman, Official Methods Board. 

In advance of submitting an official study to AOAC,
studies are being conducted to establish test parameters and
procedures for each modification. Several comparative
studies have generated encouraging results to support
modifications 1–4 listed above. The use of amended nutrient
agar to generate spores for inoculation of test carriers
(porcelain and stainless steel) has been very successful; carrier 
counts ³2.0 ´ 10

5 
spores/carrier have been achieved for both

type of carriers. In addition, HCl resistance results from
carriers inoculated with spores generated from soil extract
nutrient broth and amended nutrient agar have been very
similar (i.e., carriers must pass the HCl resistance test prior to
use in efficacy testing;  resist 2.5M HCl ³2 min). Preliminary
efficacy results for peracetic acid/hygrogen peroxide,
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Table 1. Mean log reduction of Bacillus subtilis spores
in test method comparison study

Test methoda

Sodium
hypochlorite,
3000 ppm,

unadjusted pH

Sodium
hypochlorite,
3000 ppm,

adjusted pH

Peracetic
acid/hydrogen

peroxide product

ASTM 3.6 7.1 6.7

TSM 1.2 7.5 7.3

AOACb,c 5.5 6.5 6.8

a For ASTM and TSM, 200 was substituted for plates or filters with
colonies too numerous to count and 0.5 for plates or filters with
0 colonies. 

b For estimate of LR calculation, see Hamilton et al. (4).
c The 6000 ppm sodium hypochlorite adjusted pH treatment

comprised 20 carrier screens; mean LR was estimated at 7.5.



gluteraldehyde, and sodium hypochlorite-based products
have shown consistent performance results across each carrier 
type ´ sporulation medium combination. 

Once the precollaborative data have been generated,
compiled, and analyzed, an official study will be submitted to
AOAC by the Study Director for review. Upon approval, an
official validation study will be conducted. The EPA has
entered into a contractual relationship with AOAC
INTERNATIONAL to support this effort. The General
Referee recommends continued research and effort to
officially modify AOAC Method 966.04.
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