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Abstract

Escherichia coli O157:H7 is a food-borne pathogen that causes bloody diarrhea, hemorrhagic colitis, and hemolytic ure-
mic syndrome (HUS). We compared three selective media and evaluated the performance of immunomagnetic separation
(IMS) for the detection of low levels of E. coli O157:H7 in ground beef and radish sprouts with different levels of back-
ground flora. Bulk food samples (500 g for each trial) were artificially inoculated with nalidixic acid-resistant E. coli
0157:H7 at the lowest dose that would generate 20 partial-positive samples of 25 g each. All samples were homogenized in
mTSB (225 mL) and incubated overnight at 37°C. IMS was performed using the enriched mTSB samples (1 mL) along with
conventional spreads plated onto three different selective media: Sorbitol MacConkey agar (SMAC), Sorbitol MacConkey
agar with cefixime and tellulite (CT-SMAC), and Sorbitol MacConkey agar with nalidixic acid (NAL-SMAC) as the gold
standard. Two suspicious colonies from each medium were selected and confirmed using a serological test after transfer to
tryptic soy broth with yeast extract (TSAYE). CT-SMAC was better than SMAC for detecting E. coli O157:H7 in all food
types. Although there was no statistical difference in the number of positive samples when using IMS vs. non-IMS tech-
niques, more positive samples were detected when IMS was used in both ground beef and radish sprouts. It appears that the
improvement was more significant in radish sprouts, which had a higher level of background flora than ground beef. The
results also suggest that the combination of CT-SMAC and IMS is sufficient to recover low levels of E. coli O157:H7 in

high background flora food samples.
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Introduction

Since the recognition of Escherichia coli O157:H7 as
an important food-borne pathogen in the early 1980s, it
has emerged as an important food-borne pathogen
(Onoue et al., 1999; Riley et al., 1983). The pathogenic-
ity of E. coli O157:H7 is primarily associated with the
Shiga toxin, which causes bloody diarrhea, hemolytic-
uremic syndrome (HUS) and thrombotic and thrombocy-
topenic purpura (TTP) in children and adults (Chapman
et al., 2001; Fu et al., 2005; Karch et al., 1996). The pri-
mary reservoir of E. coli O157:H7 is cattle, so most out-
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breaks have been associated with the consumption of
undercooked ground beef and raw milk. However, fresh
produce items such as lettuce, cabbage, alfalfa, spinach,
and radish sprouts have been increasingly implicated in
recent outbreaks (Ackers ef al., 1998; Besser ef al., 1993;
Onoue et al., 1999; Rangel et al., 2005).

Numerous methods for the detection of E. coli O157:H7
in food have been used in many food inspection laborato-
ries. The standard method of detection of E.coli O157:H7
uses conventional culture techniques, which rely on enrich-
ment of the E. coli O157:H7 in broth medium and plating
onto various differential and selective agar media to obtain
presumptive colonies, followed by confirmation of isolates
using a series of biochemical and serological tests (Deis-
ingh et al., 2004; Fratamico et al., 2007; Jo et al., 2007).
Selective and differential media for E. coli O157:H7 have
been developed based on the unique characteristics of the
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strain, such as the fact that it does not ferment sorbitol and
has moderate resistance against cefixime and potassium
tellulite (Fujisawa et al., 2000; Zadik ef al., 1993).

However, it has been reported that many bacteria forming
colorless colonies similar to E. coli O157:H7 on CT-SMAC
and present in radish sprouts, causing difficulty in selecting
E. coli O157:H7 colonies on this selective medium
(Fujisawa et al., 2000). Therefore, many internationally rec-
ognized official methods, such as USDA/FSIS and ISO
methods, have recommended immunomagnetic separation
(IMS) for the detection of E. coli O157:H7 in foods.

In recent years, immunomagnetic separation (IMS)
methods have become widespread which will result in
less false negatives and false positives (Aminul et al.,
2006; Deisingh et al., 2004). The method of immunomag-
netic separation (IMS) of E. coli O157:H7 from enrich-
ment culture using paramagnetic particles coated with E.
coli 0157 antibodies has been developed for the selective
isolation of this organism from foods contaminated with
background flora (Vernozy-Rozand et al., 1998).

Onoue et al. (1999) and Ogden et al. (2001) evaluated
various detection methods for the detection of E. coli
0157:H7 in foods. However, in the previous studies, the
inoculums levels were too high and a gold standard pro-
cedure was not included resulting in only relative com-
parison of different methods.

It is important to detect low levels of E. coli O157:H7
in foods because the infectious dose of E. coli O157:H7 is
estimated to be very low (Ogden et al., 2001). Therefore,
the validation of plating media for IMS method in differ-
ent types of foods inoculated with very low level of E.
coli O157:H7 is needed. The precise evaluation of the
performance of IMS in combination with various selec-
tive media has not been completely identified. Moreover,
in order to assess the precise efficacy of detection meth-
ods, it is important to have a gold standard method for
comparison.

The purposes of the present study were to compare
three selective agar media (SMAC, CT-SMAC and NAL-
SMAC) and evaluate the efficacy of IMS for the detec-
tion of low levels of E. coli O157:H7 in ground beef and
radish sprouts, using a nalidixic acid-resistant strain and
as the gold standard.

Materials and Methods

Microorganisms
Nalidixic acid-resistant E. coli O157:H7 strain #0025
was obtained from the FDA/CFSAN (5100 Paint Branch

Park way, College Park, Maryland 20740). The stock cul-
tures of nalidixic acid-resistant E. coli O157:H7 were
activated by transferring a loopfull of culture onto nutri-
ent agar (Difco, Detroit, USA) at 37°C for 24 h. One col-
ony was selected and transferred to tryptic soy broth
(TSB: Difco) with 0.5% yeast extract (TSBYE: Difco),
and cultivated at 37°C for 24 h. A single colony culture
was also streaked onto nutrient agar containing 20 pug/mL
nalidixic acid and incubated at 37°C for 24 h to confirm
resistance to nalidixic acid.

Sample preparation and inoculation

The ground beef and radish sprouts were purchased
from a retail shop in Seoul, Korea. The nalidixic acid-
resistant £. coli O157:H7 incubated in TSBYE underwent
10-fold serial dilution with sterilized phosphate buffered
saline (PBS, pH 7.4) to the predetermined inoculation
concentration. Ground beef and radish sprouts (500 g for
each sample) were inoculated with nalidixic acid-resistant
E. coli O157:H7 at approximately 20 CFU/500 g and
1400 CFU/500 g respectively, and were then divided into
20 samples (25 g per sample) stored in stomacher bags.
Negative and positive controls were included. Inoculated
samples were stabilized at 4°C for 24 h. The number of
E.coli O157:H7 inoculates was confirmed by plating on
nutrient agar (Difco) and incubated at 37°C for 24 h, fol-
lowed by total colony counting.

Examination of background flora in foods

Twenty-five grams of ground beef and radish sprouts
were mixed with 225 mL TSB in a stomacher bag. After
stomaching, the broth was subjected to 10-fold serial
dilutions to 1:10% with sterile phosphate buffered saline
(PBS, pH 7.4). One hundred microliters of the diluted
broth were plated onto nutrient agar (Difco) and incu-
bated at 37°C for 24 h, followed by total colony counting.

Sample enrichment and direct plating

To the modified tryptic soy broth (mTSB), autoclaved
TSB (30 g/L: Difco) containing bile salt no. 3 (1.5 g/L:
Difco) and dipotassium phosphate (1.5 g/L: Difco) was
supplemented with novobiocin (20 mg/L: Dallynn, Cal-
gary, Canada). All samples (25 g each) were homoge-
nized with mTSB (225 mL/sample) and incubated at
37°C for 24 h. After enrichment, broth cultures were
streaked onto three selective media: Sorbitol MacConkey
agar (SMAC: Difco), Sorbitol MacConkey agar with
cefixime and tellulite (2.5 mg/L) (CT-SMAC: Difco) and
Sorbitol MacConkey agar with nalidixic acid (20 mg/L)
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(NAL-SMAC: Sigma, St. Louis, USA) as the gold stan-
dard. All selective media were incubated at 37°C for 24 h.

Plating after immunomagnetic separation (IMS)

E. coli O157:H7 cells in mTSB culture were separated
with Dynabeads® anti-E.coli 0157 according to the man-
ufacturer’s instructions (Dynal, Oslo, Norway). Briefly, 1
mL of the mTSB enrichment culture was mixed with 20
uL Dynabeads® anti-E.coli O157 in an eppendorf tube
and incubated at room temperature for 20 min. After
being separated from the aliquot with the use of a mag-
netic particle concentrator (Dynal MPC®-S: Dynal), the
beads were washed with 1 mL PBS containing 0.05%
Tween 20, separated again and resuspended in 1 mL
PBS-Tween 20. The separation steps were repeated three
times. The bead suspension (20 puL) was then plated onto
SMAC, CT-SMAC and NAL-SMAC and spread over the
agar surface with a sterile spreader (Cooley et al., 2007,
Ogden et al., 2001).

Serological confirmation test

Two suspicious colonies from each selective medium
were picked up and streaked on tryptic soy agar with
0.6% yeast extract (TSAYE) and incubated at 37°C for 24
h. These colonies were confirmed as E. coli O157:H7
based on the latex agglutination test with Dry spot E. coli
0157 (Oxoid Ltd., Basigstoke, UK).

Statistical analysis

The data were analyzed to determine the significance of
the number of positive samples on CT-SMAC and SMAC
media compared to the gold standard NAL-SMAC, as
well as the significance of the difference in results
obtained with immunomagnetic separation (IMS) and
direct plating without IMS. All analyses were conducted

using the Graphpad InStat statistical program (GraphPad
Software Inc., San Diego, CA, USA). P-values < 0.05
indicated statistically significant differences.

Results

Ground beef

For the ground beef inoculated with nalidixic acid-
resistant E.coli O157:H7, three replicates of the experi-
ment were performed to evaluate SMAC and CT-SMAC
in combination with IMS compared to the gold standard
NAL-SMAC. The average total count of aerobic bacteria
in the non-inoculated ground beef used in the triplicate
experiment was 2.3x10* CFU/g. The inoculation levels
needed to generate partial positives for statistical analysis
in each trial were 22, 21, and 18 CFU/500 g of ground
beef, respectively. The number and percentage of positive
samples out of 20 ground beef samples in each combina-
tion of selective media with non-IMS or IMS techniques
are shown in Table 1. When compared to NAL-SMAC,
CT-SMAC performed better than SMAC in all trials,
whether IMS was used or not (Table 1). The mean recov-
ery rate of NAL-SMAC, CT-SMAC, and SMAC in the
three trials improved from 50% to 64% (+14%), 52% to
62% (+10%) and 40% to 52% (+12%), respectively,
when IMS was combined with each of the selective
media (Table 1). When compared to NAL-SMAC, the
recovery rate of CT-SMAC was almost identical to that of
the gold standard, while reduced recovery rates, 10%
lower without IMS and 12% lower with IMS, were
observed with SMAC (Table 1).

Radish sprouts
For radish sprouts, three replicates of the experiment
were performed to evaluate CT-SMAC and SMAC in

Table 1. Comparison of selective media and respective number of positive samples with and without IMS in ground beef

Number of positive samples/Number of tested samples (% positive)

Trials 1 2 3 Total
- p-value
Inoculum 22 21 18 20°
(CFU/500g)  No IMS IMS No IMS IMS No IMS IMS No IMS IMS No IMS IMS
NAL- 13/20 14/20 14/20 17/20 3/20 7/20 30/60 38/60
SMAC (65) (70) (70) (85) (15) (35) (50) (64)
12/20 14/20 15/20 16/20 4/20 7/20 31/60 37/60
CT-SMAC b c
(60) (70) (75) (80) (20) (35) (52) (62) 1.0000 1.0000
SMAC 10/20 13/20 12/20 14/20 2/20 4/20 24/60 31/60
(50) (65) (60) (70) (10) (20) (40) (52) 0.3590¢  0.2678¢

* Average of inoculum levels for three trials.

b¢ »<0.05 indicates a statistically significant difference between NAL-SMAC and CT-SMAC with and without IMS.
¢ »<0.05 indicates a statistically significant difference between NAL-SMAC and SMAC with and without IMS.
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Table 2. Comparison of selective media and respective number of positive samples with and without IMS in radish sprouts

Number of positive samples/Number of tested samples (%o positives)

Trials 1 2 3 Total
p-value

Inoculum 1398 1408 1386 1397
(CFU/5002)  No IMS IMS No IMS IMS No IMS IMS No IMS IMS No IMS IMS
NAL- 720 9/20 6/20 9/20 6/20 12/20 19/60 30/60
SMAC (3%) (45) (30) (45) (30) (60) (32) (50)
CL.SMAC 6/20 1020 5120 7120 5/20 9/20 6/60 26/60

(30) (50) (25) (3%) (25) (45) 7 (44) 0.6883"  0.5832°
SMAC 3/20 7/20 2/20 6/20 4/20 6/20 9/60 19/60

(15) (35) (10) (30) (20) (30) (15) (32) 0.0509¢  0.0628¢

* Average of inoculum levels for three trials.

b-¢ »<0.05 indicates a statistically significant difference between NAL-SMAC and CT-SMAC with and without IMS.
¢ »<0.05 indicates a statistically significant difference between NAL-SMAC and SMAC with and without IMS.

combination with IMS by comparing them to NAL-
SMAC as a gold standard. The mean total aerobic count
of the non-inoculated radish sprouts used in the three tri-
als was approximately 5.0x10” CFU/g. The inoculum lev-
els needed to generate partial positives in each trial were
1,398, 1,408, and 1,386 CFU/500 g of radish sprouts,
respectively. The number and percentage of positive sam-
ples out of 20 radish sprout samples in each combination
of selective media with or without IMS are shown in
Table 2. The mean recovery rate of the three trials with
NAL-SMAC, CT-SMAC, and SMAC improved from
32% to 50% (+18%), 27% to 44% (+17%) and 15% to
32% (+17%), respectively, when IMS was combined with
each of the selective media (Table 2). When compared to
NAL-SMAC, the recovery rate of CT-SMAC decreased
by 5% without IMS and by 6% with IMS, while reduced
recovery rates, 17% less without IMS and 18% less with
IMS, were also observed with SMAC (Table 2). Although
there was no statistically significant difference in the
number of positive samples with or without IMS, more
samples were detected as positive when IMS was com-
bined with all of the media used and the degree of the
improvement was more significant in radish sprouts than
in ground beef (Tables 1 and 2).

Discussion

Champman et al. (1994) reported that cefixime and tel-
lulite, when added to SMAC, successfully reduced the
growth of non-E. coli O157 background flora present in
enrichment cultures. However, Karch er al. (1996) found
that direct culture on SMAC agar or CT-SMAC is the
least sensitive method for the isolation of E. coli O157
strains from the stools of HUS patients, due to the low

number of O157 organisms excreted by HUS patients in
stools and the high level of background flora; since then,
the detection rate has been greatly improved by the intro-
duction of IMS. As in the previous studies, we found
more colorless colonies representing E. coli O157:H7 on
CT-SMAC than on SMAC in ground beef and radish
sprouts, and it was easier to distinguish the colorless col-
onies from background flora on CT-SMAC. In the present
study, SMAC gave significantly poorer target recovery in
both ground beef and radish sprouts, while CT-SMAC
showed good recovery of E. coli O157 in ground beef,
but still poor performance in radish sprouts.

Significant improvements in the selectivity and sensi-
tivity of E. coli O157 detection in human and bovine
feces were observed when IMS was used, as reported in
previous studies (Chapman et al., 1994). Although the
theoretical detection limit of IMS is as low as a single
organism, the type and amount of background flora in
samples, the type of enrichment broths used, the type of
sample matrices, the incubation temperature and the incu-
bation time all impact the sensitivity of detection with
IMS (Fu et al., 2005; Karch et al., 1996; LeJeune et al.,
2006; Mortlock et al., 1994). LeJeune et al. (2006) dem-
onstrated the poor sensitivity of both IMS and direct plat-
ing for detecting E. coli O157 at low concentrations,
below 100 CFU/g, in bovine feces. Similar results were
obtained in our study, showing no positive samples in
radish sprout samples spiked with less than 3 CFU/g
using IMS and direct plating of 24 h enrichment broth.
Ogden et al. (2001) reported that the food source did not
have an effect on the performance of selective agar in the
IMS procedure evaluated for the isolation of both natu-
rally-occurring and artificially-inoculated E. coli O157 in
ground beef, cheese, apple juice and pepperoni, but not
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fresh produce such as radish sprouts. Similarly, in our
study, incorporating IMS with the selective agars clearly
improved the detection of E. coli O157 in both samples.
However, in radish sprouts, which have a higher level of
background flora than ground beef, IMS combined with
CT-SMAC still did not yield 100% positive samples com-
pared to the gold standard, showing that different food
matrices could impact the degree of improvement of
selective agar methods. The findings from this study
highlight the potential for false-negative results in sam-
ples with high levels of background flora such as fresh
produce products and fecal materials, when tested with
the combination of IMS and E. coli O157 selective agars.
An additional selective enrichment stage to eliminate
other competing microflora prior to the IMS procedure,
followed by plating on CT-SMAC, would be necessary
for complete detection of £. coli O157 in fresh vegetables
and fecal material, which are major culprits of E. coli
0157:H7 food-borne outbreaks. This conclusion is sup-
ported by the fact that higher inoculum levels were
required to generate partial positives in radish sprout sam-
ples, implying that detection of E. coli O157:H7 in sam-
ples with high background flora is somewhat more
difficult and that sometimes one could fail to detect the
organism with the best currently available methods. It is
strongly recommended that IMS be used when samples
with high background flora are analyzed. Although the
detection sensitivity can be significantly improved using
the current IMS-CT-SMAC procedure, this study obvi-
ously showed that better detection methods should be
available for a food matrix such as radish sprouts that has
a high level of background bacteria.
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