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Rapid detection of enterotoxigenic Clostridium perfringens in meat samples was accomplished with an
immunomagnetic separation polymerase chain reaction (IMS—PCR). First, a monoclonal antibody
(mAb) specific to C. perfringens was generated. The antibody showed strong binding to C. perfringens
and no binding to non-Clostridia bacteria, except a weak cross-reaction to Staphylococcus aureus
based on the enzyme-linked immunosorbent assay (ELISA). Then, magnetic beads were coated with
the mAb, and the IMS—PCR system was developed. With the optimized conditions, the IMS—PCR
assay was capable of detecting as few as 10 colony forming units (CFU)/g of C. perfringens cells in
the meat sample within 10 h. Of the 116 collected samples (26 chicken samples, 20 beef samples,
30 pork samples, 20 fish samples, and 20 processed meat samples) examined with IMS—PCR, 36
(81%) were C. perfringens-positive samples and 2 (1.7%) were enterotoxigenic C. perfringens-positive
samples. The IMS—PCR results gave a good agreement with the results obtained by conventional
culture methods. In comparison to conventional culture methods, the IMS—PCR is a rapid and specific
method and has potential use as a screening tool for enterotoxigenic C. perfringens in food samples.
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INTRODUCTION

Clostridium perfringens is a Gram-positive, anaerobic, rod-
shaped, spore-forming bacterium commonly found in the intest-
inal tract of humans and mammals, feces, and soil (/). On the
basis of their ability to produce o, f3, €, and ¢ toxins, isolates of
C. perfringens are classified into five types (types A—E) (2, 3).
Each C. perfringens type is associated with certain human or
veterinary diseases. C. perfringens type A food poisoning has been
known as one of the most common cause of foodborne disease in
the United States (4—6), Europe (7, 8), and Australia (9). Symp-
toms associated with C. perfringens type A food poisoning are
diarrhea and severe abdominal pain. The symptoms are mediated

necessary to distinguish the enterotoxigenic organisms from the non-
enterotoxigenic ones to confirm food poisoning by C. perfringens.
The previously described methods for detecting enterotoxi-
genic C. perfringens in food samples include enzyme-linked
immunoassays (/4), plasmid analyses (15—17), and gene probe
methods (18, 19). These techniques have been used in detection
and identification schemes following cultivation and isolation of
the target organism, which increases the time to obtain a positive
identification, and thus lack the speed required for analysis of
food products. A number of alternative detection methods based
on amplification of C. perfringens DNA using the polymerase
chain reaction (PCR) have been reported (20—23). However,

by an enterotoxin (CPE), a 35 kDa single polypeptide produced
during sporulation of the organism in the small intestine (/0).
C. perfringens lacks the ability to produce 13 of the 20 essential
amino acids and is therefore associated with protein-rich food, and
75% of the foodborne outbreaks can be traced to meat and meat
products (/7). However, most of these isolates from food samples
are non-enterotoxigenic strains; only about 5% of all C. perfringens
isolates carry the gene (cpe) encoding enterotoxin (12, 13). It is
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most methods of this nature still rely on selective enrichment to
both grow sufficient bacteria for detection and ensure viability.
The isolation of C. perfringens directly from food is an alter-
native to selective enrichment. This approach presents several
challenges, including assessment of the viability of the micro-
organisms, physically detaching them from the food and separating
them from food materials that may inhibit the PCR. An immu-
nomagnetic separation (IMS) system has been frequently used
for the isolation of pathogens from food homogenates (24—26).
This method used magnetic beads coated with antibodies to extract
and concentrate the target organism from the sample. In this way,
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Table 1. Reactive of mAb J4H9 to Different Organisms
reaction

ELISA

organism kiled cell® live cell  wester blot

C. perfringens

FD-1041, type AP + + +
ATCC 3624, type A° + + +
ATCC 3626, type B + + +
NCTC 3180, type C + + +
NCTC 8346, type D + + +
NCTC 6719, type E + + +
Clostridium difficile ATCC 9689 - - -
Clostridium sporogenes ATCC 3584 - - -
Clostridium tertium ATCC 14573 - - -
Clostridium acetobutylicum ATCC 824 - - -
Escherichia coli 0157:H7 ATCC 43984 - -
Listeria monocytogenes ATCC 19113 - - -
Staphylococcus aureus ATCC 25923 + + +

Vibrio parahemolyticus ATCC 17802
Bacillus cereus ATCC 21366 - - -
Salmonella typhimurium ATCC 13311 - - -

2Formalin-killed cell or heat-killed cell. ° C. perfringens FD-10141 is a entero-
toxigenic-positive type A strain. ©C. perfringens ATCC 3624 is a enterotoxigenic-
negative type A strain.

IMS can eliminate the need for selective enrichment and reduce the
PCR reaction-inhibitory substances in food simples; therefore,
IMS can reduce the time required for conventional methods.

In the present study, we describe the direct detection of entero-
toxigenic C. perfiingens in meat samples by an IMS—PCR assay.
We first produced a mouse monoclonal antibody (mAb) reactive
with C. perfringens and then used IMS—PCR to rapidly detect and
identify enterotoxigenic C. perfringens in meat samples.

MATERIALS AND METHODS

Bacterial Strains. All of the bacterial strains used in this study are
listed in Table 1. The Clostridium strains were maintained in cooked meat
medium (Difco, Sparks, MD) and stored at 4 °C. The other strains were
maintained on agar slants or as stab cultures at 4 °C on medium containing
trypticase soy broth (Difco, Sparks, MD), 0.6% yeast extract (Difco,
Sparks, MD), and 1.5% Bacto Agar (Difco, Sparks, MD).

Production of mAb. For preparation of immunogens, enterotoxigenic
C. perfringens strain FD-1041 cells were grown at anaerobic conditions in
cooked meat medium at 37 °C for 20 h and then subcultured in brain—
heart infusion broth (Difco, Sparks, MD) for 18 h. Cells were harvested by
centrifugation at 4500g at 4 °C for 20 min and washed 3 times with
phosphate-buffered saline (PBS, pH 7.2). The cell concentration was
adjusted to 3 x 10'° cells/mL in sterile PBS.

In this study, two kinds of immunogens, whole cell immunogen and cell
surface protein immunogen, were prepared. For preparation of whole cell
immunogen, cells at the above-described concentration were pelleted by
centrifugation. The pellets were suspended in an original volume of PBS
containing 3.7% formaldehyde and kept at room temperature for 5 h.
After the cells were washed 3 times, they were resuspended in PBS.
Portions of the suspension were streaked on tryptose sulfite cycloserine
(TSC) agar (Merck KGaA, Darmstadt, Germany) with egg yolk to
confirm that no viable cells persisted. These preparations were adjusted
in sterile PBS to obtain an ODgj of 1.4—1.5 and stored at —20 °C until
used. For preparation of cell surface protein immunogen, cells at the
above-described concentration were pelleted by centrifugation. The pellets
resuspended in 4 M guanidine-HCl buffer (pH7.2) and incubated at 37 °C
for 30 min. After centrifugation at 10000g for 20 min, the cell extracts were
dialyzed exhaustively against sterile PBS at room temperature for 3 days
and lyophilized for future use.

A total of 10 female, 7-week-old BALB/C mice were divided into two
groups, where the first group was immunized with 2 x 10'” whole cell
immunogen and second group was immunized with 500 ug of cell surface
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protein immunogen. The mice were first immunized by intraperitoneal
injections of immunogens with an equal volume of Freund’s complete
adjuvant. The following intraperitoneal injections were performed with
the same immunogens at 3 week intervals; three injections were made with
Freund’s incomplete adjuvant, and the last injection was made without
adjuvant. To develop monoclonal antibodies, spleen cells obtained from
the immunized mice showing a high titer in an indirect enzyme-linked
immunosorbent assay (ELISA) were used for cell fusion with murine
myeloma cells (P3-X63-Ag8.653) according to standard procedures (27).
The fused cells producing antibodies against C. perfringens were screened
by an indirect ELISA and cloned twice using the limiting dilution method.
The cloned hybridoma cells were injected into BALB/C mice, and ascites
was produced and collected. mAbs were purified from mice ascites by
ammonium sulfate precipitation, followed by protein-G-affinity chromato-
graphy. The protein concentration of the purified mAb was determined
using a Bio-Rad protein assay kit (Bio-Rad Laboratories, Richmond, CA).

Development of the IMS System. The C. perfringens-specific mAb
was used to coat superparamagnetic beads (Dynabeads M-280 Tosylacti-
vated, Dynal Biotech ASA, Norway) as recommended by the manufac-
turer. The magnetic particles were recovered by a magnetic force, and the
supernatant was discarded. The immunomagnetic beads were resuspended
in PBS buffer containing 0.1% (w/v) bovine serum albumin (BSA) and
stored at 4 °C.

For IMS, a 1 mL aliquot of fresh culture or suspended sample was
transferred to a 1.5 mL microcentrifuge tube and the cells were harvested
by centrifugation and then washed 3 times with sterile PBS. The pellets
were suspended in 1 mL of PBS, and immunomagnetic beads were added
to the suspended solution. After the solution was shaken at room
temperature for 30 min in a rotating mixer, the immunomagetic beads
were recovered by magnetic force. The supernatant was completely
aspirated, and the beads were washed with 1 mL of sterile PBS. This
washing step was repeated 1 time, and the beads were resuspended in sterile
PBS for PCR or plating on TSC agar with egg yolk for colony counting.

IMS Specificity and Efficiency Test. To determine the specificity
and efficiency of the IMS system, different mixtures of C. perfringens with
E. coli O15T:H7, S. typhimurium, L. monocytogenes, and S. aureus were
prepared and diluted to approximately 10° colony forming units (CFU)/
mL in PBS. A total of 1 mL each of the mixtures was incubated with
different volumes of immunomagnetic beads (10, 30, 50, 70, and 100 uL).
Afterisolation by the IMS system, the final samples were decimally diluted
and plated on each selective agar: TSC agar with egg yolk for C.
perfringens, tellurite cefixime sorbitol MacConkey agar (TC-SMAC) for
E. coli O157:H7, Hektoen enteric (HE) agar for S. typhimurium, Oxford
agar for L. monocytogenes, and Baird-Parker agar for S. aureus. The
colonies on the plates were counted after incubation at 37 °C for 24 h.

Determination of the Optimum Immunocapture Time. For maxi-
mal immunocapture efficiency, the incubation time of immunomagnetic
beads with PBS and the meat suspension sample was optimized. For
preparation of the meat suspension sample, 10 g of C. perfringens-negative
chicken meat sample was placed in a sterile filter bag with 90 mL of 0.1%
peptone water and blended in a stomacher. The meat suspension sample
and PBS were then inoculated with C. perfringens FD-1041 to 1 x 10°
CFU/mL. After centrifugation and washing 3 times, immunomagnetic
beads were added to each 1 mL sample in a 1.5 mL microcentrifuge tube.
The tubes were incubated at room temperature for 15, 30, and 60 min in a
rotating mixer. After isolation by the IMS system, the final samples were
decimally diluted and plated on TSC agar with egg yolk. The colonies on
the plates were counted after incubation at 37 °C for 24 h.

PCR. For DNA extraction and duplex PCR, the immunomagnetic
beads separated from samples were resuspended in 200 L of sterile PBS
and the DNA were extracted using a QIAamp DNA Mini Kit (Qiagen,
Hilden, Germany) according to the instructions of the manufacturer. The
PCR for the detection of C. perfringens cpa and cpe genes was performed
with primers that had been developed and validated (28, 29). Primers cpa-
F, 5-GCTACATTCTATCTTGGAGA-3, and cpa-R, 5-TCCAACT-
GATGGATCATTAC-3 (28), yield a 407 bp fragment for the C. perfrin-
gens o-toxin gene, and primers cpe-F, 5-GGAGATGGTTGGATATTA-
GG-3, and cpe-R, 5-GGACCAGCAGTTGTAGATA-3 (29), yield a
233 bp fragment for the C. perfringens enterotoxin gene. PCR was
performed in a 50 uL reaction volume. The mixture contained 1x buffer
(10 mM Tris-HCl at pH 8.3, 50 mM KCl, 0.01% gelatin, 2.5 mM MgCl,,
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and 100 uM each dNTP), 5 pmol of each primer, 1.25 units of Taq
polymerase (TaKaRa, Japan), and 5 uL of extracted DNA. Amplification
was carried out with a thermocycler apparatus (Perkin-Elmer Instruments,
Norwalk, CT) for 30 cycles and was followed by a final 7 min extension at
72 °C. Each cycle consisted of 1 min at 94 °C, 1 min at 55 °C, and 1 min at
72°C. The PCR products were visualized by agrose gel electrophoresis and
ethidium bromide staining.

Determination of IMS—PCR Sensitivity. To assay the sensitivity of
IMS—PCR, chicken meat samples that were confirmed C. perfiingens-
negative by enrichment in modified iron milk medium were spiked with
serial 10-fold dilutions from overnight cultures of C. perfiingens FD-1041.
Then, 90 mL of sterile 0.1% peptone water was added to each of the 10 g
spiked samples in a sterile filter bag and homogenized for 2 min at low
speed in a stomacher. The liquid portion was decanted (using the barrier
film to retain large pieces of meat) into a sterile 100 mL centrifuge tube. The
remaining particulate was removed by centrifugation for 2 min at 1600g.
The supernatant fluid was recovered and decanted into another 100 mL
tube, and the cells were recovered by centrifugation at 10000g for 10 min.
The pellet was resuspended in 1 mL of sterile PBS and transferred to a
1.5 mL microcentrifuge tube. These samples were processed by the IMS—
PCR as described above. A direct PCR without IMS on these samples was
also performed.

Detection of Enterotoxigenic C. perfiingens from Food Samples.
A total of 116 food samples (26 chicken samples, 20 beef samples, 30 pork
samples, 20 fish samples, and 20 processed meat samples) were collected
from supermarkets and traditional markets located in Jinju (Gyeongnam
province, Korea). Each sample was transported to the laboratory in an
insulated box and analyzed immediately. A total of 10 g of each sample
was aseptically transferred into a sterile filter bag with 90 mL of 0.1%
peptone water. C. perfringens was isolated with the IMS system and tested by
PCR, as described above. All of the food samples were also tested according
to the protocol of a standard method, as described by Rhodehamel et al. (30).
The C. perfringens isolates from meat samples were enriched in Duncan—
Strong medium, as described by Lin et al. (37); the presence of CPE was
determined by reversed passive latex agglutination (RPLA) using a commer-
cially available kit (Oxoid, Ogdensburg, NY).

RESULTS

Characterization of mAb. A total of 1292 hybridomas were
generated after six fusions. Each hybridoma was initially screened
for reactivity against C. perfringens FD-1041 antigen prepara-
tions. On the basis of initially screening results, 24 hybridomas
were chosen to retest against a panel of Clostridia and non-
Clostridia cells to determine their specificity. Of the 24 hybridoma
mAbs, mAb J4H9, which originated from cell surface protein
immunogen immunized mice, showed the greatest degree of
specificity, reacting with only C. perfringens (Table 1). None of
the other bacteria tested gave positive results with mAb J4H9,
except for the weak non-specific reaction obtained with whole
cells of the protein-A-containing strain of S. aureus (Figure 1).
Isotype analysis revealed that the isotype of mAb J4H9 was [gG1
with k light chain. The remaining 23 hybridomas showed various
reactivity profiles with four other Clostridium species (Clostridium
difficile, Clostridium sporogenes, Clostridium tertium, and Clostri-
dium acetobutylicum) and non-Clostridia cells (E. coli, L. monocyto-
genes, S. aureus, V. parahemolyticus, B. cereus, and S. typhimurium).
The purified mAb J4H9 was studied by ELISA. The results showed
that the mAb J4H9 reacted in ELISA with live cells, heat-killed cells,
and formalin-killed cells of all C. perfringens strains tested and gave
no cross-reactions with the other four Clostridium species tested
(Table 1). In western blot analysis, mAb J4H9 recognized a protein
with the molecular weight of 37 kDa present in all five toxin types of
C. perfringens (Figure 2).

The mAb J4H9 reactive proteins in C. perfringens cell fractions
were determined by the method described by Bhunia et al. (35),
except that the cells were grown in 10 mL of brain—heart infusion
broth (Difco, Sparks, MD) in anaerobic conditions for 18—24 h
at 37 °C. The mAb J4H9 reaction to different cell fractions was
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Figure 1. Rectivities of mAb J4H9 to different pathogenic bacteria using
indirect ELISA.
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Figure 2. Western blot analysis of selected C. perfringens. Whole cell
suspensions were heated at 100 °C for 15 min in PBS, mixed 1:1 in
Laemmli sample buffer, separated by SDS—PAGE (4 and 12% disconti-
nuous acrylamide), transferred to a Hybond polyvinylidene difluoride (PVDF)
membrane, and immunoprobed with mAb J4H9. Lane 1, C. perfringens type
A, FD-1041; lane 2, C. perfringenstype B, ATCC 3626; lane 3, C. perfringens
type C, NCTC 3180; lane 4, C. perfringens type D, NCTC 8346; and lane
5, C. perfringens type E, NCTC 6719.

Table 2. Determination of the Location of Specific Protein Reactions with mAb
J4H9

fractions® ELISA Asos” percentage of the total®

cell-free culture supernatant 0.016 +0.001 0.09
PBS washing®

first 0.098 +0.003

second 0.056 4 0.002 98

third 0.022 +0.005
cytoplasm 0.257 4 0.006 14
cell wall 1.346 4 0.043 75
whole cell 1.438 4 0.068 100

2 About 10° cells/mL were used. “Mean of three experiments, each in duplicate.
¢ Calculated by dividing individual Asgs values by the sum of A5 values of all of the
fractions. 9Cell pellets were suspended in PBS and washed 3 times to remove
loosely attached antigens.

monitored by ELISA. As shown in Table 2, about 0.09% of the
mAb J4H9 reactive proteins are present extracellularly. The
mAb J4H9 reactive proteins that can be washed out by PBS
were calculated to be 9.8%. The intracellular fractions of the
C. perfringens cell contained about 14% of the reactive protein
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Table 3. Specificity and Efficiency of the IMS System by Adding Different Volumes of Inmunomagnetic Beads in a Mixed Culture
isolation (CFU)? in bead volumes of

species CFU/mL before IMS 10 uL 30 ul 50 ul 70 ul 100 uL
C. perfringens 6.0 x 10° 2.8 % 10° 2.0 % 10* 4.0x10° 45x10° 3.9 x 10°
E. coli 0157:H7 1.5 x 10° 0 0 0 0 0
C. perfringens 6.0 x 10° 2.9 x 10° 2.5 x 10* 3.6 x 10° 3.1x10° 3.5 x 10°
S. typhimurium 2.0 x 10° 0 0 0 0 0
C. perfringens 6.0 x 10° 2.6 x 10° 3.0 x 10* 3.2 x10° 35 % 10° 3.3x10°
L. monocytogenes 1.5 x 10° 0 0 0 0 0
C. perfringens 6.0 x 10° 3.0 x 10° 2.8 % 10* 3.7 % 10° 35 10° 3.0 x 10°
S. aureus 1.5 % 10° 0 0 0 1x 102 5 x 10

@Data are the means of three determinations after IMS.

antigens to mAb J4H9, and cell well fractions contain 75% of the
reactive protein antigens to mAb J4H9. This result indicates that
mADb J4H9 reactive antigens are located on the cell well.

IMS System. For rapid isolation and concentration of
C. perfringens in meat samples, mAb J4H9 was coated on
magnetic beads and the IMS system was developed. The experi-
ments to estimate the specificity and efficiency of the IMS system
were carried out by adding different volumes of immunomagnetic
beads in | mL mixtures of C. perfringens plus one of the following
species: E. coli O157:H7, S. typhimurium, L. monocytogenes, or
S. aureus. The colony forming units per milliliter were measured
before and after IMS. As shown in Table 3, when 10, 30, and
50 uL volumes of immunomagnetic beads were used, only
C. perfiringens cells were captured by the immunomagnetic beads
and separated from the mixture by the IMS system; there was no
non-specific reaction with other bacteria. When 70 and 100 uL
volumes of immunomagnetic beads were used, there was a non-
specific reaction only with S. aureus, which reached 3 orders less
than C. perfringens cells. Approximately 5% separation was
observed when =50 uL of immunomagnetic beads was added
to 1 mL of bacterial suspensions (Table 3). For overall economics,
specificity, and efficiency, 50 uL volumes of immunomagnetic
beads were used to capture C. perfiingens cells from 1 mL test
samples in all future experiments.

Determination of the Optimum Immunocapture Time. For
maximal capture efficiency, immunomagnetic capture times of
15, 30, and 60 min after the addition of 50 4L immunomagnetic
beads were invested. The number of C. perfringens cells recovered
from PBS by IMS was not significantly affected by the immuno-
magnetic capture time; however, the number of C. perfringens
recovered from the meat suspension was significantly affected by
the immunomagnetic capture time. The percentage of recovery
from meat suspension was very low, only approximately 0.5% for
15 min of immunomagnetic capture, and the percentage of
recovery for 30 and 60 min of immunomagnetic capture was
not found significantly different (7 and 6.5%, respectively).
Therefore, the optimal immunomagnetic capture time for meat
suspension samples was selected as 30 min.

Sensitivity of IMS—PCR. To establish the detection limit of the
IMS—PCR, the meat sample was artificially inoculated with pure
cultured C. perfringens FD-10411in 10°, 10%,10*, 10°, 10% 10", and
10° CFU/g. After treatment in a stomacher, the samples were
analyzed with the IMS—PCR and direct PCR without IMS. As
shown in Figure 3, using IMS—PCR, the presence of 10 CFU/g of
meat sample gave clear bands, while direct PCR without IMS was
negative, with up to 1 x 10° C. perfringens/g of meat sample.

Detection of Enterotoxigenic C. perfiingens from Food Samples.
A total of 116 meat samples were analyzed by IMS—PCR. The
enterotoxigenic C. perfringens present in the retail meat samples is
show in Table 4. Enterotoxigenic C. perfringens (plc™, cpe™) was
detected in 2 chicken meat samples by the IMS—PCR. No

407bp
233bp

Figure 3. PCR amplicons generated from serial dilutions of C. perfringens
FD-1041 onto chicken meat samples. Lane M, DNA markers (100 bp); lane
1, positive control; lane 2, negative control; lanes 3—9, 10%, 10°%, 10%, 10%,
102, 10", and 10° CFU/g; lane 10, 10° pellet DNA amplified without IMS.

Table 4. Results of C. perfringens Screening in Meat Samples by IMS—PCR
and Conventional Cell Culture Methods with Enterotoxin Detection by RPLA

number (%) of positive samples

IMS—PCR
number of conventional
samples cell culture
sample tested  plcT, coe”  plct, cpe” method RPLA
chicken 26 17 2 19 2
beef 20 4 0 4 0
pork 30 9 0 9 0
fish 20 3 0 3 0
processed meat 20 1 0 1 0
total 116 34 (29.3) 2(1.7) 36 (31) 2(1.7)

entertoxingnetic C. perfiingens was found in the other 114 meat
samples tested. However, non-enterotoxigenic C. perfringens
(plc*, cpe™) was found in more meat samples tested (Table 4).
A total of 34 meat samples, including 17 chicken samples, 4 beef
samples, 9 pork samples, 3 fish samples, and 1 processed meat
sample, were detected containing non-enterotoxigenic C. perfrin-
gens by IMS—PCR. All of the meat samples were also analyzed
by conventional culture methods. After identification of the
C. perfringens isolates as described previously (37), 36 samples
confirmed containing C. perfringens. After sporulation, C. per-

fringens isolates from 2 chicken samples were detected producing

CPE by RPLA. The results agreed well with those obtained by
IMS—PCR. The time sequence for IMS—PCR developed in this
study included stomaching, centrifugation, IMS, DNA extrac-
tion, PCR amplification, and gel electrophoresis. Overall, the
analysis can be finished within 10 h. In comparison to conven-
tional culture methods, the IMS—PCR is a raped, specific method
for the detection of enterotoxigenic C. perfringens in meat samples
and has potential use as a screening tool for enterotoxigenic
C. perfringens in food samples.
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DISCUSSION

Routine identification of C. perfringens in food samples requires
characterization by lengthy procedures, which take 2—5 days or
more and involve the use of selective enrichment medium, bio-
chemical tests, and final confirmation of enterotoxigenic strains by
culturing in Duncan—Strong sporulation medium combined with
serological analysis (37). This is costly and laborious, and the
results are not obtained soon enough to influence the release of the
finished food product. Rapid and highly sensitive techniques based
on PCR have been developed recently for the detection of food-
borne phathogens (20—23, 29). A PCR-based detection system is
highly sensitive and eliminates the need for enrichment cultur-
ing (32). However, the complex nature of food components offers
unique challenges in the application of PCR for rapid detection of
pathogens in food (33). Moreover, the collection of low numbers of
pathogenic bacterial cells from a complex food matrix poses a
difficult challenge for successful detection of those bacteria by any
sensitive detection methods. Thus, a clean and efficient sample
preparation is crucial, which should not only yield high numbers
of target bacteria but also minimize the amount of interfering
food constituents. In recent years, many studies on the IMS
method from food samples have been reported (24—26, 34). This
method used magnetic beads coated with antibodies to extract and
concentrate the target organism from the sample. It is a very effec-
tive tool for the isolation of target cells from food components or
other matrixes. Toward the goal of developing a rapid IMS—PCR
for detection of enterotoxigenic C. perfringens in meat samples,
mADb J4H9 was developed in this study. It was shown to react with
live or killed C. perfringens cells, as shown by ELISA. Specificity
for C. perfringens was confirmed by ELISA testing of mAb J4H9
against a comprehensive panel of Clostridia and non-Clostridia
organisms, many of which often grow in meat products. mAb
J4HO failed to react significantly with any of the non-C. perfringens
cells. The reactivity of the mAb J4H9 with S. aureus was shown to
be due to non-specific reactivity with protein A (35). This reaction
was explained by the fact that S. aureus often expresses protein A
in the cell wall and that this protein has a strong affinity to IgG.
The isotype of mAb J4H9 developed in this study is [gG1. It can be
concluded that mAb J4H9 specifically recognizes a genus-specific
C. perfiringens antigen.

Using the mAb J4H9, the IMS—PCR method was developed
and optimized for detection of C. perfringens from meat samples.
Working with real food samples, we had to overcome the adverse
influence of background bacteria on the sensitivity of the
IMS—PCR assay. Prior to natural samples, we tested a designed
mixture of bacteria (Table 3). The non-specific cross-reaction was
only found with S. aureus by IMS. However, this is not a signi-
ficant problem for identification of enterotoxigenic C. perfiingens
by IMS—PCR because specific primers of C. perfringens were
used in PCR. Because mAb J4H9 recognizes all of the five toxin
types of C. perfringens, we used two pairs of PCR primers to
identify enterotoxigenic C. perfringens in meat samples. One pair
of primers was derived from the phospholipase C gene present all
strains of C. perfringens (28). The other pair was derived from the
enterotoxin gene found predominantly in C. perfringens strains
associated with outbreaks of food poisoning (29). The IMS—PCR
reported here is a rapid and sensitive diagnostic technique;
enterotoxigenetic C. perfringens is detectable in meat samples
at a concentration of 10 CFU/g within 10 h. Using sandwich
ELISA, McCourt et al. 36) were able to detect 10°—10° CFU/mL
C. perfringens cells from field cases of necrotic enteritis of poultry.
Wise and Siragusa (/9) developed a real-time PCR for quantita-
tive detection of C. perfringens in the broiler fowl gastrointestinal
tract; the consistent limit of detection with ileal samples was
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approximately 10> CFU/g of ileal material but only about 10*
CFU/g of cecal samples. Shimizu et al. (/8) developed a fluore-
scent in situ hybridization in combination with a filter cultivation
method for enumeration of viable C. perfringens; the detection
limit of this method was 10> CFU/g, after a 6 h period of
anaerobic cultivation on TSC-selective medium. Augustynowicz
et al. (27) developed a duplex PCR for detection of enterotoxi-
genic C. perfringens; the detection limit was 10—20 bacterial cells.
The sensitivity was same as our method, but it needed culture in
reinforced clostsridial broth before PCR.

Using the IMS—PCR, enterotoxigenic C. perfringens was
found in randomly collected chicken meat samples, whereas no
enterotoxigenic C. perfiingens was detected in the beef, pork, fish,
and processed meat samples. The incidence of entertoxigenic
C. perfiringens in chicken meat samples was high in comparison to
other meat samples. It has been reported that the incidence and
amount of enterotoxigenic C. perfringensin the intestinal contents
of chicken was higher than that of cattle or swine (37). Chicken
carcasses may be contaminated with enterotoxigenic C. perfringens
by their intestinal contents during the slaughter process, which
results in the contamination of the retail meat.

In conclusion, the IMS—PCR method is a rapid, specific,
and sensitive detection method for enterotoxigenic C. perfringens
in meat samples. The IMS—PCR method developed in this
study has potential as a rapid screening tool for enterotoxigenic
C. perfringens contaminating food samples.
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