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EXECUTIVE SUMMARY

E. coli 0157: H7 isan important foodborne pathogen and much work has been undertaken to
better understand this organismand its ability to surviveinfood. Acidtolerance hasbeen
Identified as being an important factor in the virulenceof E. coli 0157: H7 because an
enhanced acid tolerancewould allow thisorganismto survivein the acidic regions of the
gastrointestinal tract. Many studies have been carried out to assessthe acid tolerance of E
coli 0157: H7 and the genetic basis of this acid tolerance.

Theaim of this study wasto investigate the adaptation of E. coli 0157: H7 to different acid
conditionsand the effect of adaptation techniqueson subsequent inactivation kinetics.

Decimal reductionvalues(D values) or the timetaken for alog decrease were calculated for
cellsinoculated into 1% acetic acid, pH 2.8 broth. Therewas considerablevariationin the
acid resistance between the threestrainsof E. coli O157:H7 studied. However, it was found
that adapted cells survived better than non-adapted cellswhen acid challenged. It wasaso
found that the use of citric acid or lactic acid adjusted brothsto adapt the cellsincreased the
D vauecomparedto the use of acetic or hydrochloricacids.

Variability was observed within replicates. Two trialswere carried out to establishif thiswas
dueto culturedifferencesor mediabatch variation. Inthefirst trial two different cultures
were acid challenged using the same batch of mediaand one culture was used to inoculate
broths from separatemediabatches. It wasfound that replicates of each conditionwere
similar, although there was a difference between each batch and culture type.

In the second trial, one culturewas used for each batch of mediain order to keep variability
to aminimum. Therewaslittledifference betweenany of the trestmentsin thistrial.



D valueswere also obtained for Salmonella Typhimurium (acid adapted) and non-0157

E. coli (acid adapted and non-acid adapted) when they were acid challenged. The D vauefor
Salmonella Typhimurium was lower than that of non-0157 E. coli (adapted and non-adapted)
or E. coli 0157 (non-adapted). The acid resistance of the E. coli (non O157:H7) strainwas
within the range of the E. coli 0157 strainstested.

In conclusion, E. coli 0157 ismoreresistant to an acid challenge at pH 2.8 when grownin an
acid environment prior to the acid challenge. Different strainsof thisorganismvary in their

ability to survivein acidic environments.

Theresistanceof E coli 0157 to three different acid types commonly used throughout the
food industry is of concern. Pre-adaptationto acid conditions enhancestheresistance
observed. Such conditionsmay well be prevalent in the factory / manufacturing
environmentsor ecological nicheswithin acidic products. Thelarge variation seenin the
acid resistance of E. coli 0157 showsthe need for continued verification that the acid
conditionsused to achieveproduct safety are reviewed against current literature and
challengedtested using organismswhich are adapted to the relevant conditions. Failureto do
this could result in an underestimation of therisksfrom E. coli 0157 within acidic products.
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1. INTRODUCTION

Escherichia coli isamicroorganism that occursnaturally in the human intestineand the
intestine of other warm-blooded animals. Thisorganismis aso ableto survive inthe
environment and can be present in water, soil and on plant surfaces.

The mgority of E. coli are harmless; however, certain serotypes of thisorganismare
pathogenic. E. coli 0157: H7 isone of themost pathogenic of E. coli serotypes, causinga
serious, sometimeslife-threatening, illness.

E. coli 0157: H7 is an important foodborne pathogen and much work has been undertaken to
better understand this organism and its ability to survivein food. Acid tolerance has been
identified as being an important factor in the virulence of E. coli 0157: H7 becausean
enhanced acid tolerancewould allow thisorganismto survivein the acidic regions of the
gastrointestinal tract (Duffy et a/, 2000). Many studies have been carried out to assessthe
acid toleranceof E. coli 0157: H7 (Duffy et al, 2000, Buchanan and Edelson, 1996) and the
genetic basis of thisacid tolerance (Cheng and Kaspar, 1998; Choi et al, 2000).

Thisacid resistanceaso hasimplicationsfor the food industry as organic acidsare often
added to foodsto enhance the flavour or safety of aproduct. Sometimes organic acidsare
produced during processessuch as fermentation. These organic acidslower the pH of the
product, which will increase the safety and stability of the product. However, some of these
productswith alow pH have still beenimplicatedin outbreaks of E coli 0157: H7 food
poisoning. Fermented meat (Clavelo and Larry, 1996) and apple ' ciders” (Zhao et al, 1993)
have been associated with E coli 0157: H7 outbreaks. In such casesit isthought that E. coli
0157: H7 was able to adapt to low pH conditionswhilst present in these products. The
foodstuff was then consumed and the E. coli 0157: H7 cells, having become more acid
tolerant, were ableto survivethelow pH conditionsof the stomach.

The aim of this study wasto investigate the adaptation of E. coli 0157: H7 to different acid
conditionsand the effect of adaptation techniqueson subsequent inactivation kinetics.
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2. MATERIALSAND METHODS
21 Adaptation trials

Themain purposeof this study wasto investigatethe effect of adaptation conditions, i.e. to
establish whether pre-adaptation of E. coli 0157 cellsto arange of acidic conditions affected
their subsequent survival characteristicsat alower pH. Thetypesof acid and pH level were
investigated. In addition, the effects of batch-to-batch variation in the pH 2.8 broth and also
cultureto culturevariationson the survival characteristicsof E. coli 0 157 were studied.

Figure 1 summarisesthe main experimental protocol and the stagesat which conditions were
varied are indicated.

Figurel: Evaluation of E. coli 0157 acid resistance

E. coli 0157 culturesinocul ated into relevant adaptation broths !

v

Adaptation broth incubated at 37°C for 48 hours*

v

Adapted cells (Inil) inoculated into pH 2.8 acetic acid broth and surviva rate
determined®. This procedure was replicated up to 5 times on each occasion.

' Experimentsused either asingle culturefor all replicatesor separate cultures set up at the
same time to assessthe effect of different cell populationson resistance characteristics.

> The usua incubation time for adaptation was 48 hours, athough some tests were done to
evaluate the effect of incubation for 72 hours.

> Thereplicate pH 2.8 acetic acid broths were either taken from one large batch of broth or
from separate broths made to the same specificationsto eval uate the effect of minor
variationsin broth composition.
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2.2  Preparation of adaptation media

A range of brothswere prepared and acidified with variousdifferent acid types. Thesewere
used as adaptation broths (Table 1). Thebasal broth was nutrient broth (NB) (Oxoid CM1);
the relevant acid was added to the broth to achievethe correct pH value and the brothswere
then autoclaved. Thefinal pH levelsfor acetic, lactic and citric acid brothswere chosen as
thesewere the minimum pH valuesof growth (Gonzalez et al 1999). For example, acetic
acidis generally more antimicrobial than other organic acidsand growth islimited below the
level of 5.0 used in thiswork. Acid wasadded until the appropriatepH vauewas achieved.
The pH wasre-checked after autoclaving. The brothswere madein 10ml volumes,

Thebrothswere asfollows:

TABLE1
Adaptation broths
Acid type : | pH | Amountof - Amount of
: ) ; - | acid added | undissociated acid
, : (ml) (mD)
Acetic 5.0 0.29 0.10 (35%)
Lactic 4.2 1.28 0.137 (11%)
Citric 4.5 NT NT
Hydrochloric 4.0 1.37 -
Non adapted 7.0 - -

23 Organisms
Threestrainsof E coli 0157 wereused in thistrial:
E. coli 0157: H7 CRA 8263 isolated fiom apple** cider”.

E coli 0157: H7 CRA 6353 isolated fiom salami.
E coli 0157: H7 CRA 5183 isolated fiom ground beef.
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These strains were taken fkom the CCFRA culture collection. The cultures are stored on
beadsat -80°C. Beadsweretransferred to NB and incubated at 37°C overnight. Nutrient
agar slopes (NA, Oxoid, CM3) were prepared from this suspension. Fresh NA slopeswere
prepared on aregular basis.

24  Acid resstance studies

Each of the three strainswas inocul ated separately tfkom NA dopesinto the adaptation broths
describedin Table 1. These adaptation broths were then incubated at 37°C for 48-72 hours.
After thistime period 1ml of the adaptation broth wasinoculated into 100m1 NB containing
1% acetic acid and adjusted to afinal pH of 2.8, using HC1. These brothswere then
incubated at 22°C.

Thelevel of E. coli 0157 cellsin the 1% acetic acid broth was then enumerated at regular
timeintervalsup to 100 hoursusing Iml duplicate NA pour plates. The plateswere poured,
allowed to set, inverted and incubated at 37°C for 24 hours. All resultant colonieswere then
counted, and the log;, of surviving cellswas plotted against time. A linear regressionline
was fitted and the decimal reduction (D) value calculated, i.e. the time taken for aone-log
decreasein numbers. All adaptation conditionswere evaluatedin duplicate and it was
apparent that there was considerabl e variation between replicate D values obtained.

25  Adaptationtime

Dueto the variation observed between replicates (2.3) afurther trial was carried out to assess
if the incubation time of theinoculum was significant as some of the experiments had used 72
instead of 48h. NB acidified with lactic acid to pH 5.0 was used. It was decided to use pH
5.0 as, at pH 4.2, growth was very ow and thehigh inoculum level required was not reached
whilst at pH 5, ahighinoculum level wasreached. Thesebrothswere then inoculated with
strain 8263 at alevel of 10° cfu/ml and incubated for either 2 or 3daysat 37°C. TheD value
for acid resistancewasthen assessed. Thiswas carried out in quintuplicate for each
Incubation time.
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2.6  Variationin culturesand batch of pH 2.8 broth

Further trialswere carried out to assess whether variability in D values could be dueto batch
to batch variationin the mediaor dueto the variability in cultures. Two trialswere set up
using NB acidified with lactic acid to pH 5.0. Inthefirst trial, two different batches of the
NB lactic acid broth and the 1%, pH 2.8, acetic acid broths were prepared (batchesB1 & B2),
and two separate cultureswere used (culturesC1 & C2, strain 8263). D valueswere
determinedin triplicate.

In the second, trial two separatebatches of NB acidified with lactic acid to pH 5.0 and 1%,
pH 2.8, acetic acid broths were prepared and two separate culturesof strain 8263 were used.
However, on this occasion each of the cultureswas used to inoculate each of the batches, i.e.
culture | wasinoculatedinto batch 1 & 2. Thisminimised variation. Thevariableswere
therefore, culture 1 batch 1, culture 1 batch 2, culture 2 batch 1, culture2 batch 2. Thiswas
carried out in triplicate.

2.7 Acidresistanceof other entericpathogens

Preliminary investigationshad shown that (i) adapted cellsof E. coli 0157 wereresistant to
pH 2.8 acetic acid broth and that (i) there was considerablevariation in the resistance
characteristics(D values) determined under these conditions. Trialswere doneto determine
whether similar effectswere observed for other enteric organisms.

NB was prepared asin 2.1 and adjusted to pH 5.0 using lactic acid. Salmonella
Typhimurium (CRA 1005) and non-0157 E coli (NCTC 12241) wereinoculatedinto these
broths and incubated at 37°C for 48 hours. These brothswere then used to inoculate NB
containing 1% acetic acid adjusted to pH 2.8 by HCI. Thesurvival of these two organisms
was then monitored by enumerating levelsusing NA asin previoustrials. Theresistanceof
non-acid adapted E. coli was aso evaluated.
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3. RESULTS

3.1  Adaptation usingdifferent acid types

Theresultsof theinitial adaptationtrialsare givenin Table 2 and in the Appendix (Figures 2-
11). It can be seen that adapted cellssurvive better than non-adapted cellsasthe D valuefor
non-adapted cellswas |ower than the D values for adapted cells. It can aso be seen that the
use of citric acid or lactic acid adjusted broths to adapt the cellsincreased the subsequent D
value compared to the use of acetic or hydrochloric acids.

These data aso show alarge differencein the survival characteristics between each of the 3
strainstested. Strain 5183 wasthe most acid resistant, followed by strain 8263 and then
strain 6353.

Statistical analysis (one way analysisof variance, ANOVA) was carried out on this datato
assesswhether there was a difference between the D values obtained by using the various
broths acidified with the different acid types. Thisdataisgivenin Table3. Ascan be seen
there are differencesbetween some of the treatments, in particular the non-adapted cells
compared to the other treatmentssuch ascitricand lactic acids. Thisis seen more so for
strains 5183 and 6353. Strain 8263 illustrates little difference between any of the treatments;
however, thisis not surprising asthere was considerable variability in the duplicate values
obtained for any individual adaptation broth.
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TABLE 2

Effect of different adaptation treatmentson thesumval of threestrainsof E. coli 0157: H7. Non acid adapted and acid adapted str ains of

E. coli 0157: H7 strainswereinoculated into NB + 1% aceticacid (pH 2.78) and the D values(in hours) are given below

Non-acid adapted

Adapted with HCI (pH 4.0) 7.42 7.79 752 2.89 3.52 291 6.28 11.17 10.33
Adapted with acetic acid (pH 5.0) 7.89 8.71 9.09 2.63 2.39 2.51 5.78 8.05 7.63
Adapted with lactic acid (pH 4.2) 11.31 12.74 11.99 6.62 5.18 5.56 6.97* 12.6 12.58
Adapted with citric acid (pH 4.5) 13.33 13.04 13.33 3.33 3.33 3.33 10.74 6.96* 10.68

* regression linenot well fitted, thereforenct used in subsequent caculations

+, caculated astheregression of all datapointsin both replicates
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TABLE 3

A comparison of each treatment typefor each strain indicating P values

HC1 0.076 - - -
Acetic 0.070 0.383 - -
Lactic 0.024** 0.028** 0.046* -
Citric 0.011%* 0.001%** 0.008*** 0.253

Non

HC1 0.020%* - - =
Acetic - 0.009%** 0.175 - -
Lactic 0.021%* 0.076 0.043* =
Citric 0.0071 *** 0.730 0.021** 0.070

HCI1 0.999 - - -
Acetic 0.736 0.571 - -
Lactic 0.860 0.803 0.444 -
Citric 0.981 0.971 0.473 0.809
*** = dgnificant at 99.9% confidenceleve
*% = dgnificant at 99% confidencelevel
* = dgnificant at 95% confidence leve
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32 Varyingincubation length

Theresultsfrom thistrial aregivenin Table4. They indicatethat thereis greater variation
between replicates compared with incubationlength.

TABLE 4
D values (hour s) obtained using 2 different incubation lengths

 Replicateone | Replicatetwo

2 day 1675 | 962
16.47 11.55
17.73 11.71
16.23 9.53
15.65 10.01
MEAN 16.57 10.48
3day 1176 1931
10.73 21. 89
11 44 2151
11.8 25.77
1195 213
MEAN 11. 55 21.%

Statistical analysis, oneway ANOVA, wasaso carried out on thisdatato assessthe
difference between the log reductionsat a given time points, eg. 0-5 hours, betweenthetwo
replicates at each incubation length. Thedatausedisgivenin TableS Theanadyss
(ANOVA) indicated that there was a statigtically significant difference between each of the
replicatesat all given incubation periodsat either a99% or 95% confidenceleve for al time
pointsexcept for 0-5 hoursfor the 2-day incubation (Table§. Thisanadysisalsoindicated
that therewere significant differencesbetween the incubationlengths.

Page9 of 29 n:\2001\mb\lke\clp01848(a)



TABLES

Log reductionsat varioustimepointsfor each of thetwo replicatesat both

incubation lengths

Time period Formr e TR
(fjurs) Replicate one Replicate;f\i\}o " Replicate one 7",‘;__\ .iiep"]{icat; t’w&p: ‘
0-5 A .07 053 | 056 | o081
B 1.03 0.53 0.46 0.52
C 0.88 0.48 0.49 0.39
D 0.78 0.40 0.49 0.24
E 0.91 0.33 0.19 0.33
524 A 0.90 0.28 0.364 0.81
B 0.92 0.53 0.32 1.1
C 0.98 0.68 0.29 0.96
D 0.90 0.56 0.34 1.19
E 0.70 0.69 0.55 131
0-24 A 1.97 0.81 0.90 1.61
B 1.95 11 0.78 1.60
C 1.86 12 0.78 135
D 1.69 0.96 0.83 1.42
E 1.61 1.02 0.74 131
24-51 A 3.01 2.25 2.54 3.86
B 3.1 1.54 0.39 2.65
C 2.74 1.43 0.37 2.95
D 2.98 1.13 2.41 3.62
E 2.57 1.57 2.66 3.81
0-51 A 4.98 3.06 3.44 5.48
B 5.05 2.60 3.18 425
C 4.60 2.60 3.15 43
D 4.66 2.01 3.24 5.04
E 4.18 2.60 3.41 5.12
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TABLEG6
ANOVA reaults

3-day incubation period replicatesone ver susreplicatetwo

L 1mes

05 "~ 0.000%**
524 0.060*
0-24 0.000%%*

24-51 0.000%**
0-51 0.000%**

2-day incubation period replicatesone ver susreplicatetwo

| 1IIMeES

05 o | 0.881
524 0.000%**
0-24 0.000%%x
24-51 | 0.032*
0-51 0.000%%*

Comparison of 3and 2 day incubation

WL

05 0.000%*
5-24 0.000%**
0-24 0.0166**

24-51 0.001%*
0-51 0.000%**

***% = dgnificanta 99.9%
*% = dgnificant a 99 %
* = dgnificant at 95%
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33 Media batch and culture variations

Triad 1

The D vaueresultsof thefirst of thesetrialsto establish if therewas abatch-to-batch media
variation and adifferencein thecellsof differentinoculation mediaaregivenin Table7. As
can be seen there were differences between each of the 4 different conditions and adifference
between the 2 culturesand 2 media batches. However, each of thereplicateswithin a set of
conditionsisvery smilar. ANOVA dsoillustrated that therewere statistically significant
differencesbetween these variables a between 99 and 95% confidencelevels(Table 8).

D Vaues (hours) o replicateacid challengestudies(culturesl and 2) using pH 5.0
(lactic acid) adaptation broth using different culturesof strain 8263 with the same batch

TABLE7

o media
Culture 1 Culture2
17.18 18.31
18.34 19.88
18.24 20.08

D Values(hours) of replicateacid chalengestudiesusing pH 5.0 (lactic acid) adaptation
broth using different batches of mediaand the same culture of strain 8263

Batch 1 Batch 2
14.51 14.12
12.97 16.6
13.75 15.63
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TABLES

P Valuesof replicatesusing different batchesof media and different cultures

Conditions P Value
C1,C2,B1,B2 0.000%**

C1,C2 0.019*
B1, B2 0.041*
C1,B1 0.000%**
C1,B2 0.005%**
C2,B1 0.000***
C2,B2 0.001***

C=Culture

B =Batch

**% = dgnificant at 99.9%

*ok = dgnificant a 99%

* = dgnificant at 95%

Trial 2

Thissecond trial was moretightly controlled than thefirst trial and the same culturewas used

for each batch of mediain order to keep variability toani ni num Thisfurther trial to

investigatethe difference between mediabatch variation and culturedifferenceagain
illustrated that there were smaller differencesbetween mediabatch and culture batch when
only onevariablewas changed, eg. batchtype. Theseresultsaregivenin Table9. TheP
values from the ANOV A showed that these small differenceswere not statistically significant

(Table 10).
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TABLE9

Acid challengeD values (hours) of mediaand culturevariation

Condition Dvalue
C1BI 17.92
15.95
15.46
MEAN 16.44
C1 B2 17.18
16.86
18.15
MEAN 17.40
C2BI 16.78
15.87
16.86
MEAN 16.50
C2B2 14.80
15.77
17.86
MEAN 16.14

C =Culture
B = Batch of media
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TABLE 10
P valuesof cultureand mediabatch variationtrial

Conditions i » P Value
C1B1, C1B2, C2B1, C2B2 0.571

C1B1, C1B2 0.322
C1B1, C2B1 0.942
C1B1, C2B2 0.814
C1B2, C2B1 0.147
C1B2, C2B2 0.272
C2B1, C2B2 0.726

C=_Culture

B =Batch

Theresultsindicatethat there are no statistically significant differencesbetween some of
these conditions, indicating that variationin D valuesis minimised when the effects of batch
errorsand culture variationiscontrolled.

34  Significanceof experimental procedureon variability in resstance
characteristics

ANOVA (oneway) wasalso carried out on al (44) of the D valuesobtainedfor thelactic
acid adapted brothsin order to establish whether the cultureinoculum used, media batch and
incubation timeweresignificant. TheD vauesaresummarisedin Table11.

The ANOVA anaysis(Table12) showed that the different starting cultureshad a significant
effect a the 95% confidenceleve and that mediabatch (P valueof 0.00) was significant at
the 99.9% confidencelevel. Adaptationtime(2/3 days) was shown to benot significant (P
valueof 0.424).
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TABLE 11
Summary table of all the D valuesobtained usng pH 5 lactic acid adaptation broth
(2-day incubation) and an acid challenge (1% acetic acid, pH 2.8 adjusted by HCI)

Trial | g D value (h)
Incubation length Replicate 1 | 16.75
16.47
17.73
16.23
15.65

Replicate 2 9.62

11.55
11.71

9.53

10.01

Batch/culture variationtria 1

Culturel 17.18
1834
18.24

Batch 1 14.51
12.97

13.75

Culture2 18.31

19.88

20.08

Batch 2 14.12

16.6

15.63

Batch/culture variationtria 1

Culture| / batch | 179

15.9

155
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TABLEII (cont.)

turl/batc T 17.18
16.87
18.14
Culture 2 / batch 1 16.78
15.87
16.86
Culture 2 / batch 2 14.79
15.77
17.86

3 day incubation 11.76
10.73
11.44
11.86
11.95
19.31
21.89
21.51
25.77
21.32

TABLE 12
P valuesof culture, mediabatch and incubation timefor all replicates

Batch 0.0Qn
Incubation length 0.424 N/S
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3.5  Survival of other enteric pathogens

Table 13 indicatesthe D value obtained when Salmonella Typhimurium (acid adapted) and
non-0157 E. coli (acid adapted and non-acid adapted) were acid challenged. As can be seen,
the D value for Salmonella Typhimuriumwas lower than that of E. coli (adapted and non-
adapted) or E. coli 0157 (non-adapted). E. coli was seen to be approximately 2.5 times more
acid resistant when acid adapted than the non-adapted E coli strains, but was still not as
resistant as two of the acid adapted E. coli 0157 strains (5183, 8263). However, theE coli
strain tested showed similar D valuesto thethird strain of 0157 tested (6353).
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TABLE 13
D values(hours) for Salmonella Typhimurium and E. coli when acid challenged in
broth at pH 2.8 with 1% acetic acid

Organism® = 5 £ SERie et 00 SO0D Tullielilpes = e
Lactic acid adapted S. Typhimurium 0.50
0.55
0.75
MEAN 0.60
Lactic acid adapted E. coli 5.78
5.71
5.38
MEAN 5.62
Non-adapted E. coli 2.15
2.11
2.07
MEAN 2.11
Non-adapted E. coli O157 (strain 5183) 5.7
3.93
MEAN 4.82
Non-adapted E. coli 0157 (strain 6353) 1.04
0.88
MEAN 0.96
Non-adapted E. coli O157 (strain 8263) 4.19
MEAN 4.19
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TABLE 14
Summary table D values(hours) for SalmonellaTyphimurium and E. coli when acid
challenged in broth at pH 2.8 with 1% aceticacid

E. coli 0157 (5183) 4.8 12

E. coli 0157 (6353) 1.0 5.6
E. coli 0157 (8263) 4.2 12.6
Salmonella Typhimurium - 0.6
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4.

CONCLUSIONS

This study set out to evaluate the effect of acid adaptation on survival of E. coli 0157 under
acidic conditions, i.e. pH 2.8 adjusted by acetic acid. Threestrainsof E. coli 0157 and 4
adaptation conditionswere evaluated. There are several important conclusionsthat can be

drawn from this work.

(i)

(i1)

(iii)

(iv)

Itisclear that E coli 0157 ismoreresistant to an acid challenge at pH 2.8 when
grownin an acid environment prior to the acid challenge. Furthermore, the technique
used for acid adaptation affects the subsequent resistance characteristicsto varying
degrees. In thisstudy, the subsequent resistance characteristicswereplaced in the
following order froni highest to lowest lactic > citric > HCI > acetic. However, the
concentration of acid varied.

Different strainsof this organism vary in their ability to survivein acidic
environments. Two of the three strains (5183 and 8263) tested showed similar high
resistance characteristics, e.g. D valuesof >7.0 hoursat pH 2.8 (Table 2), whereasthe
third strain showed D valuesof < 3 hours (Table 2) for most of the conditionstested.

Thiswork has asoillustrated that the D value of E. coli 0157 in pH 2.8 acetic acid
broth obtained by using the same technique on different occasions can vary markedly.
However, the variation between replicates carried out at the sametimeis usually
smaller. Itisnot clear from thiswork what causesthis variation, but this needs
careful considerationin future studies.

Theresistanceof an acid adapted non-pathogenic E. coli was similar to that found for
oneof theE. coli 0157 strainsbut it showed lower D valuesthan the other two
strains.

It would appear that E. coli (pathogenic/ non-pathogenic) could be moreresistant to
acidic conditionsfollowing acid adaptation than some other members of the
Enterobacteriaceae. For example, astrain of Salmonella was 6-fold to 20-fold less

Page 21 of 29 n:\2001\mb\lke\clp01848(a)



resistant to pH 2.8 acetic acid broth than E. coli (D valueof 0.6 hours). Similar data
have been reported for other enteric pathogens, e.g. Shigella flexneri wherethe D
values obtained at pH 3.5 with propionic acid were <5 minutes (Tetteh and Beuchat,
2001).

Theresistanceof E coli 0157 to threedifferent acid types commonly used
throughout the food industry is of concern. Pre-adaptation to acid conditions
enhancesthe resistance observed. Such conditionsmay well be prevalentin the
factory / manufacturing environmentsor ecological nicheswithin acidic products.
The large variation seen in the acid resistance of E coli 0157 showstheneed for
continued verificationthat the acid conditions used to achieve product safety are
reviewed against current literatureand challenged tested using organismswhich are
adapted to therelevant conditions. Failureto do thiscould result in an
underestimationof therisksfrom E. coli 0157 within acidic products.
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APPENDIX

Figure 2: Effect of I % acetic acid and pH=
2.8 on acid adapted (HCI, pH=4)

E.coliO157:H7 at 22 °C
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Figure 3: Effect of I % acetic acid and pH=2.8
on acid adapted (HCI, pH=4) E.coli O157:H7 at
22 °Creplicate2
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Figure 4: Effect of I % acetic acid and pH= 2.8 on

non acid adapted E.coli O157:H7 at 22 °C
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Figure 5: Effect of 1 % acetic acid and pH= 2.8
on non acid adapted E.cofi O157:H7 at 22 °C
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Figure 6: Effect of 1 % acetic acid and pH=
2.8 on acid adapted (acetic acid, pH=5)

E.coli 0157:H7 at 22 °C replicatel
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Figure 7: Effect of 1 % acetic acid and pH=
2.8 on acid adapted (acetic acid, pH=5) E.coli

O157:H7 at 22 °C replicate 2
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Figure 8 : Effect of 1 % acetic acid and pH=
2.8 on acid adapted (lactic acid, pH=4.2)
E.coli O157:H7 at 22 °C replicate 1
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Figure 9: Effect of 1 % acetic acid and pH=
2.8 on acid adapted (lactic acid, pH=4.2)
E.coli O157:H7 at 22 °C replicate 2
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Figure 10: Effect of 1 % acetic acid and pH=
2.8 on acid adapted (citric acid, pH=4.5)

E.coli O157:H7 at 22 °Creplicatel
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Figure 1l:Effect of 1 % acetic acid and pH=238
on acid adapted (citric acid, pH=4.5)

E.coli 0 157:H7 at 22°C replicate 2
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