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Escherichia coli O157;:H7

E. coli 0157:H7 4407

* Causes 96,000 cases of

infection each year

» 3200 hospitalization, 31

deaths annual in the
uU.S.

Natural reservoir is
cattle

Variety of food
commodities
contamianted (meat,
produce, juices)

» Survives under acidic

conditions
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Uses of alkaline cleaners

« Strongly alkaline cleaners
(pH 12.7) are used in
commercial ovens and
smokehouses

» Heavy-duty cleaners (pH
10 - 12.0) are used in CIP
and high pressure
systems

« Mild alkaline cleaners (pH
9.7-10.1) are used to hand
clean lightly soiled areas

Behavior of foodborne pathogens
exposed to alkali

E. coli O157:H7 may have higher resistance
than non-pathogenic E. coli to extreme alkaline
pH

Salmonella Enteriditis has increased
thermotolerance

Listeria monocytogenes has increased
tolerance to heat and bacteriocins

Are bacterial strains inherently resistant to
certain stresses, or can they be ‘stress-
hardened’?

Role of rpoS in E. coli O157:H7

» Plays a role in acid resistance of E. coli
0157:H7 and Salmonella
Has been postulated to play a role in allowing
bacteria to survive the alternating acidic and
alkaline conditions faced in gastrointestinal
systems
Several deaminases regulated by rpoS have
shown increased expression in E. coli grown
at alkaline pH
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Objectives

« To determine the survival characteristics of cells of E.
coli O157:H7 in logarithmic and stationary growth
phases upon exposure to a variety of alkaline
cleaners

« To evaluate stationary phase cells surviving exposure
to alkaline cleaners for changes in thermotolerance
and resistance to sanitizers.

Objectives

« To determine the survival characteristics of E. coli
0157:H7 cells exposed to an alkaline cleaner and
inoculated into sliced roast beef and hard salami
followed by storage at various temperatures.

* To examine the rpoS gene for its role in protecting
cells of E. coli O157:H7 treated with alkaline cleaners
and potential cross protection of treated cells against
subsequent exposure to heat, sanitizers, and survival
in sliced roast beef and salami.

Objectives

+ To determine the effectiveness of an alkaline cleaner
and lytic bacteriophage in killing cells of E. coli
0157:H7 in a biofilm formed on stainless steel.
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SENSITIVITY OF ESCHERICHIA
COLI O157:H7 TO
COMMERCIALLY AVAILABLE
ALKALINE CLEANERS AND
SUBSEQUENT RESISTANCE TO
HEAT AND SANITIZERS

Alkaline cleaners evaluated for
lethality to E. coli O157:H7

—
= [

Formulation and pH of alkaline cleaners, NaOH, and
KOH evaluated for lethality to E. coli O157:H7

Cleaner Trade name Active Ingredients pH

1 ProChlor KOH (< 10%), NaSiO, 11.31
(<10%),NaOCl (<10%)

2 FS 4089 KOH (< 10%), NaOH
(<10%), NaOCl (<10%)
3 FS 4490 KOH (<10%),
NaOCl (<10%)
4 K Foam SF Plus KOH (<10%),
NaOClI(< 5%)
5 K Foam Lo ethylene glycol
monobutyl ether

11/8/11
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Formulation and pH of alkaline cleaners, NaOH, and
KOH evaluated for lethality to E. coli O157:H7

Cleaner Trade name Active Ingredients pH
6 Quorum Yellow NaOH (10%), total 11.31
available chlorine (2.5%)

7 Enforce NaOH (11%), total
available chlorine (1.8%)

0.025 M

0.025 M

E. coli O157:H7 strain
EDL 933 or FRIK 816-3

Logarithmic pha Stationary phase ‘
5 h at 37°Clin TSB or I I l I nl1 at 37°C in TSB or TSBA

L &

{ | I
Ne trallzed in 2X D/E (pH 6.0)

4L

Populations (log,, CFU/ml) of E. coli O157:H7 recovered on
TSA as affected by treatment time.

Treatment time (m
Treatment Strain 2 10 30

Peptone EDL 933 a831a a839%9a a839a
(control)! FRIK816-3 a819a a818a a838a

Cleaners? EDL 933 a6.53a ab538b a4.69c
FRIK 816-3 b6.16a ab535b a4.58c

"Mean values in the same row that are not followed by the same letter are significantly
different (P < 0.05); within the same treatment and treatment time, mean values not
preceded by the same letter are significantly different (P < 0.05).

2Values represent means over all growth phases and treatment temperatures.

3Values represent means over all growth phases, cleaners, cleaner concentrations
and treatment temperatures.
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Populations (log,, CFU/ml) of E. coli O157:H7 recovered on
TSA as affected by treatment time.

Treatment time (min)
Treatment Strain 2 10 30

Peptone EDL 933 a 8.31 a 8.39 a 8.39
(control)! FRIK816-3 a819a a818a a838a

Cleaners? EDL 933 a6.53a ab38b a4.69c
FRIK 816-3 b6.16a ab535b a458c

Mean values in the same row that are not followed by the same letter are significantly
different (P < 0.05); within the same treatment and treatment time, mean values not
preceded by the same letter are significantly different (P < 0.05).

2Values represent means over all growth phases and treatment temperatures.

3Values represent means over all growth phases, cleaners, cleaner concentrations
and treatment temperatures.

Populations (log,, CFU/ml) of E. coli O157:H7 recovered on
TSA as affected by treatment time.

Treatment time (min)
Treatment Strain 2 0 30

Peptone EDL 933 a831a a839%9a al839a
(control)* FRIK816-3 a819a a818a a8.38a

Cleaners? EDL 933 a
FRIK 816-3 b

'Mean values in the same row that are not followed by the same letter are significantly
different (P < 0.05); within the same treatment and treatment time, mean values not
preceded by the same letter are significantly different (P < 0.05).

2Values represent means over all growth phases and treatment temperatures.

3Values represent means over all growth phases, cleaners, cleaner concentrations
and treatment temperatures.

Populations (log,, CFU/mI) of E. coli O157:H7 recovered on TSA as affected by
cleaner or hydroxide solution, treatment, concentration, and temperature.

Treatment temperature and concentration
4°C ZEC

Treatment 25% 25% 100%
Peptone (Control) 8.20a 8.20 a 8.4la 8.4la
ProChlor a785a bb55lc a824a b376e
FS 4089 a578d b204f a477c bld4lh
FS 4490 a8.l12a b5.93c a8.24a bb58lc
K Foam SFPlus a.745b b292e a6.23b b 1.75gh
K Foam Lo a8.13a b7.58b a8.06a b6.96b
Quorum Yellow a7.19b b210f a6.0lb b213fg
Enforce ab.74c b254ef a4.45c b255f
NaOH (0.025 N) 4.63d 451d

KOH (0.025 N) 4.74d 4.96d L —
<1
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Populations (log,, CFU/mI) of E. coli O157:H7 recovered on TSA as affected by
cleaner or hydroxide solution, treatment, concentration, and temperature.

and concentration
232C

Treatment 25% 100% 25% 100%
Peptone (Control) 8.20a 8.20 84la 84la
ProChlor a7.85a bhb551 a824a b376e
FS 4089 ab5.78d b204 a477c bl4lh
FS 4490 a8.12a b5.93 a824a bb58lc
K Foam SF Plus a.745b b 292 a6.23b b 1.75 gh
K Foam Lo a8.13a b7.58 a8.06 a b 6.96 b
Quorum Yellow a7.19b b210 a6.01b b 2.13 fg
Enforce ab.74c b254 ad.45c b 2.55f
NaOH (0.025 N) 4.63 4.51d

KOH (0.025 N) 4.74 4.96 d m

Populations (log;, CFU/mI) of E. coli 0157:H7 recovered on TSA as affected by
cleaner or hydroxide solution, treatment, concentration, and temperature.

Treatment temperature and concentration
4°C 2T

Treatment 25% 100% 25% 100%
Peptone (Control) 8.20a 8.20 a 8.4l1a 8.4la
ProChlor a7.85a bb55lc a8.24a b 3.76 e
FS 4089 a578d b a477c b
FS 4490 a8.12a b593c a824a bb58lc
K Foam SFPlus a.745b b a6.23b b
K Foam Lo a8.13a b7.58b a806a b6.96b
Quorum Yellow a7.19b b a6.01b b
Enforce ab.74c b a4.45c b
NaOH (0.025 N) 4.63d

KOH (0.025 N) 4.74d 4.96 d %

Conclusions on the exposure of
E. coli O157:H7 to alkaline cleaners

+ Cells of E. coli O157:H7 in logarithmic phase were
not more sensitive to killing by alkaline cleaners than
those in stationary phase.

12% and 15% of treated suspensions of EDL 933
and FRIK 816-3, respectively, showed higher counts
on TSA than on TSAS.

Reductions in populations of both strains at 4 and
23°C were similar.

e
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Conclusions on the exposure of
E. coli O157:H7 to alkaline cleaners

» Reductions in populations of EDL 933 and FRIK 816-
3 were similar

Thermal treatment of E. coli O157:H7 after
exposure to alkaline cleaners

E. coli O157:H7 strain EDL 933 or
FRIK 816-3 in stationary phase

Cell suspensions were exposed to control (0.05%
Peptone), K Foam Lo, and Enforce at 4, 12 and 23°C
for 2 min before neutralization, washing and
resuspension in 0.05% peptone

Suspensions were heated in capillary tubes
submerged in a water bath at 55°C for up to 32 min.

Thermal treatment of E. coli O157:H7 after
exposure to alkaline cleaners

Suspensions in capillary tubes were removed from the
water bath at 0, 3, 6, 12, 15, 18, 24, 28, or 32 min.

Contents of crushed capillar bes were plated
TSA

Thermal death times (min) were determined by plotting
the best fit line of populations of E. coli 0157:H7
against time and calculating D-values

11/8/11
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D 55°¢ (min) of E. coli O157:H7 as affected by pre-treatment
with cleaners.’

Pre-treatment Dggc Value (min)
Temp (°C) Strain Control K Foam Enforce
4 EDL 933 a16.4 a12.5 a241

FRIK816-3 a156a a124a a19.0a

12 EDL 933 a229a a1l122b a19.7a
FRIK816-3 a139a a119a b138a
23 EDL 933 al143b a 95b a208a
FRIK816-3 a14.7b a 93b a21.7a

1 Mean values in the same row that are not followed by the same letter are
significantly different (P < 0.05); within the same pre-treatment temperature and
control or cleaner treatment, mean values that are not preceded by the same letter
are significantly different (P < 0.05).

D 55°¢ (min) of E. coli O157:H7 as affected by pre-treatment
with cleaners.!

Pre-treatment Dss:c Value (min)
Temp (°C) Strain Control K Foam Enforce
4 EDL 933 a El a

FRIK816-3 a15.6a a124a a19.0a

12 EDL 933 a229a a a
FRIK816-3 a13.9a a119a b138a
23 EDL 933 a El a
FRIK 816-3 a a a

1 Mean values in the same row that are not followed by the same letter are
significantly different (P < 0.05); within the same pre-treatment temperature and
control or cleaner treatment, mean values that are not preceded by the same letter
are significantly different (P < 0.05).

B Sub-population of cells surviving cleaner treatment
Sub-population of cells killed by cleaner treatment

100 [
80

A O
o o

Population (%)

N
o
Thermal Resistance

o

Control K Foam Enforce
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Treatment of E. coli O157:H7 with sanitizers
after exposure alkaline cleaners

Quorum Clear — quaternary ammonium
compounds, used at 200 pg/ml

Quorum Green — sodium hypochlorite, used
at 200 pg/mi

FS Amine B — quaternary ammonium
compounds, used at 150 pg/ml

Cetylpyridinium chloride — 100 ug/mi
Benzalkonium chloride — 100 ug/mi

Treatment of E. coli O157:H7 with sanitizers
after exposure alkaline cleaners

E. coli O157:H7 strain EDL 933 or FRIK
816-3 with in stationary phase

|

Cell suspensions were pre-treated with
control (0.05% Peptone), K Foam Lo, and
Enforce at 4 and 12°C for 2 min before
neutralization, washing and resuspension
in 0.05% peptone

IS 2

Cell suspensions were exposed to control
and sanitizer treatments at 4 and 12°C for
1 min before neutralization

Treatment of E. coli O157:H7 with sanitizers
after exposure to alkaline cleaners

Neutralized suspensions containing cells,
sanitizer and 2X DE were plated on
TSA and TSAS

11/8/11
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Populations (log;, CFU/ml) and reductions of stationary phase E. coli 0157:H7 cells
treated with sanitizers at 4°C of pre-treatment with 0.05% peptone or cleaners 5 and 7.

Populations and reductions after treatment with cleaners and sanitize

Control

K Foam Lo

Enforce

Strain Sanitizer PopulationReduction Population Reduction  Population Reduction

EDL 933  Control
Quorum Clear
Quorum Green
FS Amine B
Cetylpyridinium chloride
Benzalkonium chloride

FRIK 816-3 Control
Quorum Clear
Quorum Green
FS Amine B
Cetylpyridinium chloride

838
251
<060
5.99
6.15
8.28

a 836
d 219
€<0.60
bc 685 08%9a
c 645 129a

833 0.23a
333 478b
076 7.34a
571 233a
541 269a
823 0.12b

a 831 -00la
¢ 303 520a
d<060 829a
b 604 226a
b 607 222a

a 423
b 063
b<0.60
b 146
b 148
a 387

a 179
b<0.60
b<0.60
b<0.60
b<0.60

Benzalkonium chloride a 818 -044a a 839 -009a a 3,39

Populations (log;, CFU/mI) and reductions of stationary phase E. coli 0157:H7 cells
treated with sanitizers at 12°C of pre-treatment with 0.05% peptone or cleaners 5 and 7.

Strain Sanitizer

EDL933  Control
Quorum Clear
Quorum Green
FS Amine B
Cetylpyridinium chloride
Benzalkonium chloride

FRIK 816-3 Control
Quorum Clear
Quorum Green
FS Amine B
Cetylpyridinium chloride
Benzalkonium chloride

Populations and reductions after treatment with cleaners and sanitizers

Control

Population Reduction

828 -0.38b
c 381 4lla
d 138 654a
570  221b
590 201b
771 020b

853 -020a
325 508a
<060 83la
b 558 274a
b 530 302a
a 833 -00la

K Foam Lo

Population Reduction

a 826 -0.38b
e 249 538a
f<060 797a
¢ 579 204b
d 550 237b
b 781 006b

a 838 -007a

346 485a
d 000 817a
d<060 328a
b 603 229a
a 841 -00la

Enforce

Population Reduction

a 37 002a
b<060 328a
b<060 323b
b<060 356a
b<060 373a
a 299 080a

a 311 017a
b<060 328a
b<060 3.17b
b<060 24la
b<0.60
a 328

Conclusions on cells pre-treated
with alkaline cleaners exposed to
heat and sanitizers

 Cells of both strains pre-treated with Enforce at 4 and
23°C showed greater thermotolerance to 55°C

those pre-treated with control or K Foam Lo.

Cells of FRIK 816-3 were less thermotolerant than
EDL 933 when pre-treated with Enforce at 12°C.

Pre-treatment of E. coli O157:H7 with cleaners did
not cross protect cells from killing by sanitizers at 4 or

12°C.

——
l-T:J
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SURVIVAL OF ESCHERICHIA COLI
0157:H7 IN ROAST BEEF AND
SALAMI AFTER EXPOSURE TO

AN ALKALINE CLEANER

Survival of E. coli O157:H7 in roast
beef and salami after exposure to
alkaline cleaner

Sliced roast beef (pH
6.3) and hard salami Ino_culum g
(pH 4.9) E. coli O157:H7
Two nalidixic acid Treatment  Low

resistant strains . -
(EDL 933 and FRIK Control 1:1000 undiluted
816-3)

Alkaline cleaner
treatment (Enforce)
and control (0.05%
peptone) for 2 min.

Enforce 1:10 undiluted

Survival of E. coli O157:H7 in roast beef and
salami after exposure to alkaline cleaner

50 pl of inoculum applied to each sample of 50 g of
roast beef or hard salami

Storage temperatures: 4°C, 12°C, and 20°C (salami
only) for up to 21 days in sterile filtered stomacher
bags

Enrichment with 100 ml of Universal Pre-enrichment
broth

Stomaching for 1 min.

Recovery media used: SMACN and TSAN or
SMACAN and TSAAN

e
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Sliced roast beef Hard salami

Wi

Inoculation of roast beef and
salami

Salami in filtered sterile stomacher bag

13
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Low populations (log,, CFU/g) in inocula of E. coli
0157:H7 recovered from sliced roast beef and
salami stored at 4°C

4

4

Roast beef Salami

w

N

Populations of E. coli 0157:H7

EDL, C, TSAN —4—FRIK, C, TSAAN EDL, C, SMACN
—8—EDL, E, TSAN —& FRIK, E, TSAN EDL E, SMACAN -E-FRIK,

Low populations (log,, CFU/g) of E. coli 0157:H7
recovered from sliced roast beef and
salami stored at 12°C

10 )
Roast beef SEEWI]

~ 1
2
~
)
—
o
©
o
ui
S
(2]
=
2
2
=]
a
9
o

15 18 21 0
Time (Days)
EDL, C, TSAN —4—FRIK, C, TSAAN EDL, C, SMACN = A - FRIK, C, SMACN
-®-EDL, E, TSAN —&-FRIK, E, TSAAN EDL E, SMACAN - B-FRK,

High populations (log,, CFU/g) of E. coli O157:H7
recovered from sliced roast beef and
salami stored at 4°C

Roast beef

Populations of E. coli 0157:H7

15 18 21 0
Time (Days)

EDL, C, TSAN —&—FRIK, C, TSAAN EDL, C, SMACN - A - FRIK, C, SMACN
—8-EDL, E, TSAN -8 FRIK, E, TSAAN - © - EDL E, SMACAN - E-FRIK, E,FI_

13
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High populations (log,, CFU/g) of E. coli 0157:H7
recovered from sliced roast beef and salami stored
at 12°C

0 10 .
Roast beef A=~ Salami

Populations of E. coli 0157:H7

15 8 21 0
Time (Days
EDL, C, TSAN —&—FRIK, C, TSAAN EDL, C, SMACN = A= FRIK, C, SMACN
-8 EDL, E, TSAN - FRIK, E, TSAAN = © - EDL E, SMACAN =B - FRIK, E,ﬁm

A7)

Populations (log,, CFU/g) of E. coli O157:H7
recovered from salami stored at 20°C

10
Salami inoculated with o | Salamiinoculated with
low populations high populations

7

57:H

N ®

@

Now

—
o
)
o
i
‘455
24
o
K
=]
o
=]
a

o
[ 4

.

@

o

0 3| 6 12 8 __ 21 0, 12 15 18 21
Time (Days)
EDL, C, TSAN —&—FRIK, C, TSAAN EDL, C, SMACN = A= FRIK, C, SMACN
-8 EDL, E, TSAN -8-FRIK, E, TSAAN = © - EDL E, SMACAN = Bl = FRIK,

Hard salami with Penicillium
chyrsogenum growth

Top slice
Middle 3 slices
with no P. .
chrysogenum : - Bottom slice
growth visible
(control)_

15
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Populations of E. coli O157:H7 strain EDL 933
recovered on TSAN from salami slurry

Populations of EDL
933 recovered from
salami containing
Penicillium
chyrsogenum (pH
5.97)

ho CFU/MI)

—&-Populations of EDL
933 recovered from
salami with no
visible mold (pH
5.23)

4

Storage time (days)

Conclusions on survival of E. coli O157:H7
pre-treated with Enforce and control in roast
beef and salami

Inocula of both strains treated with Enforce were
resuscitated in roast beef stored at 12°C.

Inocula of both strains treated with Enforce were not
able to resuscitate in salami due to the low pH

Inocula of cells treated with control surviving in roast
beef at 4°C and in salami at 4, 12, and 20°C were
temperature and pH stressed.

INACTIVATION OF ESCHERICHIA
COLI O157:H7 IN BIOFILMS ON
STAINLESS STEEL BY
TREATMENT WITH ALKALINE
CLEANER AND BACTERIOPHAGE

e

16



Sharma — Workshop Session |
Survival & Stress Response of E.Coli ...

Biofilm development on surfaces

GROWTH &
DIVISION
0oF
BACTERIA
{hrs.-days}

REVERSIBLE IRREVERS IBLE

ADSORPTION  ATTACHMENT

OF BACTERIA OF BACTERIA
(sec.} (sec.—min}

—-

=

EXDPOLYMER
PRODUCTION
& BIOFILH
FORHATION
(hrs.-days)

ASM image library, www.microbeworld.org

www.wisc.edu/ fri/resbiofilm.htm

ATTACHMENT
OF OTHER
DORGANISHMS TO
BIDFILH
{days-months)

i
dar

Preparation and treatment of
biofilms of E. coli O157:H7 on

stainless steel coupons

+ Two strains — ATCC ’ . ﬁ/

43895 and FRIK 816-3

» Coupons were placed in
an inoculum of ca. 8 log
CFU/ml in PBS and
stored at 4°C for 24 h

Biofilms on coupons
were then developed in
MSB or MSBA and
incubated at 22°C for 96
h with one transfer to
fresh media

11/8/11
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Preparation and treatment of
biofilms of E. coli O157:H7 on
stainless steel coupons

 Biofilms on coupons
were treated at 4°C for
1 and 3 min with:
water (control)
100% Enforce
25% Enforce

100 ppm free
chlorine

50 ppm free chlorine

» Coupons were then
transferred to D/E broth

Preparation and treatment of
biofilms of E. coli O157:H7 on
stainless steel coupons

Coupons in D/E were
vortexed with glass for
1 min with glass beads
Populations of ATCC
43895 and FRIK 816-3
were recovered by
spiral plating on TSA
and TSAA, respectively

Populations of E. coli 0157:H7 strain ATCC 43895 recovered
from stainless steel coupons on TSA after treatment
with alkaline cleaner or chlorine at 4°C

| Water
100% Enforce

W 25% Enforce

W 100 ppm NaOClI

W50 ppm NaOCl

log,, CFU/coupon of strain ATCC 43895
O RPN WA OO O N © ©

Time (min)

18
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Populations of E. coli 0157:H7 strain ATCC 43895 recovered
from stainless steel coupons on TSA after treatment
with alkaline cleaner or chlorine at 4°C

W Water
100% Enforce

B 25% Enforce

W 100 ppm NaOClI

m 50 ppm NaOCl

log,, CFU/coupon of strain ATCC 43895

O P N W A OO N O ©

Time (min)

Populations of E. coli 0157:H7 strain FRIK 816-3 recovered
rom stainless steel coupons on TSAA after treatment with alkaline
cleaner or chlorine at 4°C

©

Aa W Water

100% Enforce

W 25% Enforce

m 100 ppm NaOCl

M50 ppm NaOCl

?
&
—
©
X
o
[
=
=
@
S
o
a
S
°
L
o)
e
(@]

3
=3
)

O P N W H» U1 O N ©

Time (min)

Bacteriophage

http://iwww.emc.maricopa.edu/faculty/farabee/BIOBK/BioBoo b—
KDNAMOLGEN.html (Estrealla Mountain College, Maricopa D T'::
Communitv Colleae) i

19



Sharma — Workshop Session |
Survival & Stress Response of E.Coli

Bacteriophage infection

Phage DNA

incorporates
32p

" Lysis of
e \ bacterium

\Infect
\ bacterium / BOES
\. / - .“ oy _'.'

32p -labeled DNA

http://iwww.emc.maricopa.edu/faculty/farabee/BIOBK/BioBoo
kDNAMOLGEN.html

Treatment of cells of ATCC 43895 and FRIK 816-3 with bacteriophage
Types of cells treated with bacteriophage

Planktonic

11/8/11

Attached cells

Preparation Coupons placed in
suspensions (4 log
CFU/ml) at 4°C for

24 h

Population ca. 3 log
CFU/coupon

Bacteriophage 8log PFU/ml,
treatment adsorbed, in MB

Cells in biofilms

Cells attached and

incubated in MSB

with 5 mM MgSO,

or MSBA for 22°C
for 24 h

ca. 3 log
CFU/coupon

7.5 log PFU/mI,
adsorbed and

cells

Suspensions of
cells (3log
CFU/ml) stored
at 4°C for 24 h

ca. 3log CFU/ml

8log PFU/mI,
adsorbed, in

unadsorbed, in MB  PBS with 5 mM
MgSO,

SR 4°C for up to 4 days

conditions

enumeration

EEOVERY Ed Surface plating on TSA and TSAW

Populations of ATCC 43895 and FRIK 816-3
attached to stainless steel coupons treated with

bacteriophage at 4°C

ATCC 43895 treated
with control

—— ATCC 43895 treated
with KH1

—&—FRIK 816-3 treated
with control

log;0 CFU/coupon

1 2 3
Treatment time (days)

20
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log,, CFU/coupon

Populations of ATCC 43895 and FRIK 816-3
recovered from biofilms treated

with bacteriophage at 4°C
ATCC 43895 treated with control FRIK 816-3 treated with control

—8— ATCC 43895 treated with adsorbed —8-FRIK 816-3 treated with adsorbed KH1

—A— ATCC 43895 treated with

—A— FRIK 816-3 treated with unadsorbed
unadsorbed KH1

ATCC 43895 FRIK 816-3

Treatment time (days)

Planktonic populations of ATCC 43895 and FRIK
816-3 treated with bacteriophage at 4°C

ATCC 43895 treated
with control

——ATCC 43895 treated
with KH1

——FRIK 816-3 treated
with control

—*—FRIK treated with KH1
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1 2 3
Treatment time (days)

Conclusions on treatment of
biofilms with alkaline cleaner and
bacteriophage

» Cells of E. coli 0O157:H7 in biofilms of both
strains were killed more efficiently by
treatment with an allkaline cleaner than by
hypochlorite alone.

Attached cells may be susceptible to killing by
bacteriophage KH1, but cells in biofilms may
not be as susceptible.
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Conclusions

< Alkaline cleaners containing a combination of KOH or
NaOH and hypochlorite were effective in reducing
populations of E. coli O157:H7 in suspension and in
biofilms, indicating a possible synergistic mechanism
between alkaline pH and hypopchlorite.

Stationary phase cells of EDL 933 and FRIK 816-3
pre-treated with an alkaline cleaner containing
sodium hydroxide and hypochlorite at 4 and 23°C
had higher D55°; values than those treated with
cleaner not containing hydroxide or hypochlorite,
indicating that they may be cross protected against
heat.

Conclusions

Pre-treatment of E. coli O157:H7 with alkaline
cleaners, regardless of sodium hydroxide or
hypochlorite content, did not cross protect cells
against sanitizer treatments.

Treatment of cells of E. coli O157:H7 with alkaline
cleaner before inoculation into roast beef stored at
12°C did not prevent resuscitation.

Conclusions

Treatment with alkaline cleaner did not cross protect
cells of E. coli 0157:H7 against cold stress imposed
by roast beef at 4°C or acidic stress imposed by
salami at all storage temperatures.

The rpoS gene does not appear to protect cells from
the bactericidal effects of alkaline cleaners or
stresses imposed by inoculation in roast beef and
salami.

e
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Conclusions

The rpoS may play a role in protecting cells from heat
after alkaline cleaner treatment at 12°C or in allowing
cells to resuscitate more rapidly in deli meat products
stored at 12°C.

Alkaline cleaners containing the same free chlorine
content as hypochlorite solutions are more effective
in reducing populations of E. coli O157:H7 in biofilms.

Bacteriophage KH1 was not effective in killing cells in
biofilms but was effective in reducing populations of
E. coli O157:H7 attached to stainless steel surfaces.
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