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Rapid detection of Listeria monocytogenes in dairy samples
utilizing a PCR-based fluorogenic 5 ' nuclease assay
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The presence of Listeria monocytogenes as a dairy food contaminant is a lethal threat to dairy industrialists; there-

fore, products tainted with L. monocytogenes must be quickly detected and removed from production. This fluoro-
genic PCR-based assay was developed to rapidly detect L. monocytogenes contamination in dairy samples before
a final product is distributed. The detection method employed uses a PCR primer pair and a fluorogenic TagMan

probe which bind to a region of a virulence determinant gene specific to L. monocytogenes . As the DNA target is
amplified, the 5 ' nuclease activity of Tag DNA polymerase hydrolyzes the internal fluorogenic probe creating a
change in fluorescence that can be monitored and automatically analyzed with a fluorometer. Sensitivity studies
indicated a lower detection limit of under 10 CFU for pure culture extracts and spiked dairy enrichments. A study

was performed on 266 dairy product samples obtained from Central California dairy production plants. Eighty-three

of these samples were artificially spiked with both high and low concentrations of L. monocytogenes before an
overnight enrichment in TSB/LiCl/colostin sulfate/moxalactam media. DNA from enriched samples was obtained

using a rapid Chelex extraction specifically designed for dairy sample enrichments and automated analysis. The
extraction was followed by the fluorogenic PCR assay and measurement of fluorescence increase. The assay was
completed within 24 h, with an observed 95.2% sensitivity, 96.7% specificity, 92.9% positive predictive value, 97.8%
negative predictive value, and 96.2% accuracy. According to specificity studies, five other bacterial species cross-
reacted with the fluorogenic 5 ' nuclease PCR. However, only one of these strains ( Listeria grayi ) was able to grow
in the enrichment medium employed, and was not isolated from any of the 266 dairy product enrichments evaluated

in this study. Therefore, this method provides a rapid, sensitive, and automatable analysis alternative to standard

culture techniques for the detection of Listeria monocytogenes in dairy samples.
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Introduction takes a minimum of 5 days to confirm a sample free of

L . . . Listeria, and about 10 days to characterize to the species
L|ster|ab_m?n0;)gogene$ha Gramr;pcr)]s;]tlve, facult%tlvely gievel [alLS] Polymerase ch)élin reaction technology hag sig-
anaerobic food-borne pathogen which has emerged as a diSx; : L ; >

; . .. hificantly reduced the detection time for pathogen identifi-
ease agent of substantial public health concern. Llrsterlaéation ix food and dairy products [3]. DFi)rect IQDCR-based

infections are primarily opportunistic and particularly . ) . )
dangerous to immunocompromised persons, pregnarﬁetecnon methods have been describedListeria mono

women, the eiderly, and newborns [18]. Ingestion of foodgfi’Re CdCs P MCEUER BEECITEET SRR O
contaminated withListeria monocytogenesan result in y

septicemia, meningitis, meningoencephalitis, abortion, an((iij)f viable cells in foods and dairy products [11] :

. . X If a 24-h detection method is preferred, total analysis
death. Dairy products, such as pasteurized milk and softme for DNA extraction and PCR detection methods in
cheeses, have been shown to be major vehicles of conta |

. ! N igh-throughput volumes must be within approximately
nation during severalisteria_monocytogenesutbreaks 4-5h after a 19-20 h enrichment process. Fluorescence

s i distibuton n natute and s abilty 0 prolferate 'echnoogy has aided in significantly decreasing post-PCR
at refrigeration temperatures, it is especially threatening tgrodict detect)i/on ‘)[4'14]9 ?Amplificati%n product.f can be
the dairy industry if fast and reliable detection methods ar detected directly by measuring fluorescence increases due

not employed. e e ;
. . . to ethidium bromide intercalation of double-stranded DNA
Classical methods of detectihg monocytogenes food [4], or by utilizing a B nuclease activity in conjunction with

and dairy samples involve selective enrichments with :sub‘;j1 fluorogenic probe for monitoring DNA amplification [14].

sequent culturing on selective media, followed by serologi- ! ) ) i
cal and/or biochemical species identification. This process, SZ'%%R?S n:)?‘TF;gRDszssglfnsé?g:eerrg\)/lgytl)g%r:h(?;s&clﬁbe d
and applied to the detection bisteria monocytogengqsure
cultures, Shiga-like toxin producirtg. coli, andSalmonella
Correspondence: Dr RJ Cano, Environmental Biotechnology Institute{1,5,19]. The assay utilizes theé Buclease activity offaq

Biological Sciences Dept 33-472, California Polytechnic State University, . .
San Luis Obispo, CA 93407, USA DNA polymerase to hydrolyse an internal fluorogenic probe

Spresent address: Roche Molecular Systems, Alameda, CA 94501, usAluring the PCR amplification process. The TagMan probe
Received 4 February 1998; accepted 1 October 1998 is doubly labeled with both a reporter dye and quencher




Fluorogenic detection of L. monocytogenes
T Cox et al

168

dye, and hybridizes to an internal region within the After enrichment, dairy samples were streaked onto
amplicon. When the probe is intact, the quencher dyeModified Oxford (MOX) (Difco Laboratories, Detroit, Ml,
reduces the emission intensity of the reporter dye. As th&JSA) plates and DNA was extracted from 1.5 ml of the
DNA target is amplified during the extension cycle of the culture. Cultures that exhibited positive esculin hydrolysis
reaction, the Snuclease activity offag DNA polymerase reactions on MOX plates after 24 h at°& were isolated
hydrolyzes the internal fluorogenic probe. The separatiorand identified by fatty acid methyl ester analysis (FAME)
of the dyes due to probe hydrolysis allows an increase ifMIDI, Newark, NJ, USA).
reporter dye emission proportional to DNA amplification
[14]. DNA extractions

We describe the development of a rapid, high throughpulll pure cultures used for specificity testing were extracted
fluorogenic 5 nuclease assay for the detectionladteria  utilizing a modified microwave DNA extraction procedure
monocytogenem dairy samples. Selective enrichment and[12]. DNA quantification was performed by comparing
DNA extraction protocols were specifically developed andDNA extracts to dilutions of quantified lambda phage DNA
evaluated for use with the TagMan LS-50B PCR Detectioron 1.5% agarose gels. All pure culture DNA extracts were
System. Studies were conducted to evaluate the specificithen standardized to a concentration of approximately
and sensitivity of the assay with both pure cultures andl-10 ngul™.
dairy sample enrichments. Performance of the assay was Several variations of three types of rapid DNA extrac-
then assessed with 266 dairy samples encompassing a brodahs for dairy product enrichments were evaluated for their
range of dairy sample types. specific performance in conjunction with the fluorogenic 5
nuclease assay format [8]. The DNA extraction methods
evaluated included variations of the following methods: a
modified guanidinium isothiocyanate/silica (GuSCN) pro-
Bacterial strains cedure [2,4], a Cheléx100 (BioRad, Hercules, CA, USA)
Bacterial cultures used for spiking, sensitivity, and speci-DNA extraction method [9], and the EnviroAmiisample
ficity testing were obtained from the following sources: Preparation Kit (PE Applied Biosystems, Foster City, CA,
American Type Culture Collection (ATCC), Rockville, USA). The extraction methods were tested on dairy product
MD; Centers for Disease Control (CDC), Atlanta, GA; PE enrichments (including raw milk, whole milk, feta cheese,
Applied Biosystems, Foster City, CA; United Statesand queso blanco cheese) and evaluated for sensitivity,
Department of Agriculture (USDA), Athens, GA,; Depart- reliability, and ease of use when coupled with the fluoro-
ment of Health Services, Berkeley, CA; and Dairy Foodgenic 3 nuclease assay [8]. For each extraction variation,

Materials and methods

Laboratories (DFL), Modesto, CA. six samples of each food type were tested. Four of these
six food enrichments were spiked with *Q® L. mono-
Dairy samples and enrichment procedures cytogenes<CFU directly before DNA extraction, while the

Two hundred and sixty-six dairy samples were obtainedther two samples were left as negative controls. All enrich-
from the Dairy Products Technology Center at Californiaments were streaked onto MOX plates after spiking for cul-
Polytechnic State University, and from another undisclosedure comparison.

California dairy facility. The dairy samples analyzed After assessment of the eight DNA extraction methods,
included butter, buttermilk, raw milk, condensed wholethe most reliable and sensitive method was chosen for a
milk, condensed skim milk, pasteurized milk, chocolatefield study conducted on 266 dairy samples run through the
milk, cheese, cottage cheese, yogurt, whey, and ice creardeveloped assay. An additional modification of the pre-
Upon arrival of the dairy samples at the laboratory, 1 g orferred extraction method (using the Spin FiteBio 101,

1 ml of each sample was aseptically transferred to 9 ml oVista, CA, USA) was used when it was found to signifi-
enrichment broth (per liter: 30 g Trypticase Soy Brothcantly decrease background fluorescence and PCR inhi-
(TSB) (Acumedia, Baltimore, MD, USA), 10 g LiCl, 5g bhition in the extracts. The following modified Cheteg00
yeast extract, 0.0025 g colostin sulfate, and 0.005 g moxobNA extraction method was chosen for the field study. A
lactam (TSB-LCM). A preliminary study evaluating several 1.5-ml aliquot of the enriched dairy sample was transferred
culture media indicated that this enrichment formulationto a 1.5-ml microfuge tube with screw cap and rubber
was the most effective and selective media for use witto-ring (National Scientific, San Rafael, CA, USA), then
Listeria monocytogenesand this particular assay centrifuged at maximum speed to pellet bacteria. The super-
(unpublished data). Selected enrichments were spiked amatant phase was carefully removed and discarded. The pel-
positive controls and sensitivity studies with varying let was resuspended in @8 of TE buffer pH 8.0 with
amounts (approximately 1 toX11® CFU) of L. monocyto-  gentle vortexing. Several dry lysozyme grains were added
genesScott A. Overnight cultures of.. monocytogenes with a pipette tip, and samples were vortexed briefly, then
Scott A grown in TSB were serially diluted and enumeratedincubated at room temperature for 20 min. Five microliters
by viable culture (pour plate enumeration). Spiking of dairyof 20 mg mt? proteinase K (Boehringer Mannheim, Indian-
enrichments before incubation was performed utilizingapolis, IN, USA) were added and samples were incubated
various dilutions of the enumeratéd monocytogenesul-  an additional 10 min in a 5% water bath. Next, 7l of
tures to evaluate the sensitivity of the assay. These enrict20% CheleX 100 (BioRad) matrix was added with vor-
ments utilized 25 g of dairy sample in 225 ml of enrichmenttexing for 1 min. Extractions were placed in a boiling water
broth. All enrichments were incubated a standard 20 h irbath for 10 min, then set in ice for 5 min to cool. After
an incubator-shaker at 32 and 200 rpm. briefly vortexing the mixture, the entire contents of the
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extraction tube were transferred to a Bio 101 Spin Filter Biosystems) also specific for this gene, was used to facili-
and centrifuged for 5 min at 14 500¢. Filter apparatuses tate amplification detection during thé Buclease assay.
were removed and discarded, and the DNA was stored athe probe labeled with both a reporter dye (FAM-fluor-

—20°C until further analysis. escein derivative) and quencher dye (TAMRA-rhodamine
N ) derivative), anneals between the primers and is cleaved by

PCR conditions and fluorogenic 5 nuclease assay the endonuclease activity dfaq polymerase during the

analysis extension cycle of PCR. Cleavage of the probe allows for

Dairy sample DNA extracts were used as the template fothe reporter dye (FAM) to be released from close proximity
PCR reactions using primers that amplify a 210-bpof the quencher dye (TAMRA) on the probe. This causes
sequence of a virulence determinant gene specifit..to a detectable reporter dye fluorescence increase brought on
monocytogene@E Applied Biosystems). A doubly labeled by PCR amplification of the target sequence. Disposable
internal  fluorogenic TagMan probe (PE Applied 96-well optical reaction plates (PE Applied Biosystems)

Table 1 Specificity of theListeria monocytogeneiuorogenic 5 nuclease assay

Microrganism Source(s) Number of Fluoresceht 5 ARQ Growth in
strains tested nuclease assay >2(4 = positive) enrichment
results medium?

L. monocytogenes PE/ABD, DHS 19 Positive 9.018 Yes
L. murrayi CDC 1 Negative 1.226 Yes
L. ivanovii CDC 1 Negative 1.930 Yes
L. gray® CDC 1 Positive 7.127 Yes
L. innocua DFL 8 Negative 1.618 Yes
L. seeligeri PE/ABD 2 Negative 1.062 Yes
L. welshimeri PE/ABD 2 Negative 1.578 Yes
Aeromonas hydrophila ATCC 1 Negative 1.298 No
Agrobacter tumefaciens ATCC 1 Negative 0.091 No
Alcaligenes faecalis ATCC 1 Negative 0.157 Yes
Azotobacter chroococcum ATCC 1 Negative 1.661 No
Bacillus cereus ATCC 2 Negative 0.066 Yes
Bacillus coagulans ATCC 1 Negative 0.480 Yes
Bacillus licheniformis ATCC 1 Negative -0.304 Yes
Bacillus megaterium ATCC 1 Negative 1.914 No
Bacillus polymyxa ATCC 1 Negative -0.139 No
Bacillus pumilus ATCC 1 Negative 0.474 Yes
Bacillus stearothermophilis ATCC 1 Positive 4.440 No
Bacillus subtilis ATCC 3 Negative 0.350 Yes
Bacillus thuringiensis ATCC 1 Positive 7.389 No
Citrobacter freundii ATCC 1 Negative -0.325 Yes
Corynebacterium xerosis ATCC 1 Negative 0.445 No
Enterobacter aerogenes ATCC 1 Negative -0.476 No
Enterobacter cloacae ATCC 1 Negative 0.436 Yes
Enterobacter hafniae ATCC 1 Negative 0.656 Yes
Erwinia carotovra ATCC 1 Negative 0.309 No
Klebsiella pneumoniae ATCC 1 Negative 0.371 No
Lactobacillus acidophilus ATCC 1 Negative 1.758 No
Lactobacillus arabinosis ATCC 1 Negative 0.572 No
Lactobacillus bulgaricus ATCC 1 Negative 0.073 No
Lactobacillus casei ATCC 1 Positive 3.214 No
Leuconostoc dextranicum ATCC 1 Negative 2.015 No
Micrococcus luteus ATCC 1 Negative 1.578 No
Proteus mirabilis ATCC 1 Negative -0.173 Yes
Proteus vulgaris ATCC 1 Negative 0.104 No
Providenciaspp ATCC 1 Negative -0.101 Yes
Pseudomonas fluorescens ATCC 1 Negative 0.901 No
Salmonella dublin ATCC 1 Negative -0.401 No
Salmonella enterica ATCC 1 Negative -0.477 No
Serratia marcesens ATCC 1 Negative 0.091 No
Shigella flexneri ATCC 1 Negative 0.278 No
Shigella sonni ATCC 1 Negative -0.422 No
Staphylococcus aureus ATCC 1 Positive 4.414 No
Staphylococcus epidermis ATCC 1 Negative 1.620 No
Staphylococcus saprophyticus ATCC 1 Negative 0.140 No
Staphylococcus agalactiae ATCC 1 Negative 1.390 No
Streptococcus faecalis ATCC 1 Negative -0.093 No
Streptococcus hominis ATCC 1 Negative -0.255 No
Streptococcus lactis ATCC 1 Negative -1.030 No

Andicates organism that both cross-reacts with the primer and probe in the fluorésnantease assay, and grows in the selective enrichment media.
PAverageARQ values were reported for all strains tested.
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were used for both thermal cycling and fluorescence read- Sensitivity studies were performed by spiking dairy
ings. Each reaction includedd of DNA extract and 45ul enrichments with enumerated, serially dilutednonocyto-
of TagManListeria monocytogenemaster mix containing genes and processing these samples through the fluoro-
buffer, MgCL, AmpliTaq DNA polymerase, dNTPsl.is-  genic 3 nuclease assay. Twenty-five grams of dairy sample
teria monocytogenespecific primers, and fluorogenic Tag- were enriched in 225 ml of TSB-LCM medium. Enrich-
Man probe. ments were incubated at 37 for 20 h, followed by DNA
Pre-reads of samples were conducted on the TagMan LSxtraction, PCR, and fluorescence detection with the Tag-
50B PCR Detection System (PE Applied Biosystems) toMan LS-50B PCR Detection System. Sensitivity studies
obtain baseline fluorescence for all samples and controlatilizing pure cultures olL.. monocytogeneScott A were
Each set of samples run on a 96-well reaction plate includedlso performed to identify the lower detection limit of the
one TE buffer autozero control, three no amplification confluorescent 5nuclease assay.. monocytogeneScott A
trols, three no template controls, and three positive controlsultures were grown overnight, serial diluted, enumerated,
with L. monocytogene®NA. Reactions were cycled at DNA extracted by Chelék 100 methodology, and run
95°C for 5 min, and 40 cycles of 98 for 20 s, 60C for  through the fluorogenic’'suclease assay.
1 min, and 72C for 30 s. Thermal cycling was performed
using a GeneAmp PCR System 9600 (PE AppliedFatty acid methyl ester (FAME) analysis
Biosystems). After PCR, the 96-well reaction plate wasFatty acid methyl ester (FAME) analysis was performed on
placed in the TagMan LS-50B PCR Detection System forall isolates from MOX plates that produced the character-
post-reads of fluorescence increase. istic black precipitate formed by esculin-hydrolysis. Iso-
Both pre- and post-readings of fluorescence were measated colonies were streaked onto TSBA (BBL, Cockeys-
ured on the TagMan LS-50B PCR Detection System so thatille, MD, USA) plates and grown at 2€ for 24 h [16].
any inherent fluorescence within samples could be subApproximately 50 mg of wet cell weight was harvested and
tracted out of final calculations. These were noted as norextracted according to standard operating procedures of
malized fluorescence values. These data were then enter®tIDl [16]. The MIDI microbial identification system
into an Excel (Microsoft Corporation, Redmond, WA, (MIDI, Newark, NJ, USA) was used for separation, detec-
USA) spreadsheet that calculated first the normalizedion, and identification of the fatty acids in the cell extracts.
reporter (FAM) signal/normalized quencher (TAMRA) sig- The system included a Hewlett-Packard 6890 Series Gas
nal RQ™). This value was further used for calculations thatChromatograph unit equipped with a split/splitless injector,
subtracted out the average normalized fluorescence readifigme ionization detector, a 25 m0.2 mm Ultra 2 capillary
of the no template controlRQ"). This produced what is column (Hewlett Packard, Palo Alto, CA, USA), autosam-
known as the\RQ value used to score a sample as positivepler, and computer system with the Sherlock software

or negative. The equation is: (MIDI, Newark, NJ, USA). All parameters, settings, and
. _ procedures were followed as recommended by the MIDI
RQ™ - RQ™ = ARQ. training manual. Fatty acid profiles obtained were com-

Gel electrophoresis pared to a standard aerobe library (MIDI) used with the

All PCR reactions were run on 2% agarose gels, staineg@herlock (MIDI) software system. The profiles of the
with ethidium bromide, and visualized with a Uvp Unknown organisms were compared to known library pro-
ImageStore 5000 (UVP, San Gabriel, CA, USA). Compari-f'lesv generating similarity indices for each unknown.
sons were made to TagMan LS-50B PCR Detection System

positive fluorescence determinations to the presence QResults

absence of an amplification product visualized by gel

electrophoresis. DNA extractions

DNA extraction studies were conducted to evaluate vari-
Specificity and sensitivity studies ations of three different methods (Chefet200, GuSCN,
Specificity studies were performed with thesteria mono-  and EnviroAmp) for their performance when coupled with
cytogenesfluorogenic 5 nuclease assay utilizing DNA the fluorogenic 5 nuclease assay [8]. These extraction
extracted from 45 nohisteria spp common to dairy methods were selected because they were rapid and known
samples, 13 isteria spp other thar.. monocytogenegnd to be effective for DNA extraction of.. monocytogenes
19 L. monocytogenestrains (Table 1). All species were from dairy enrichments [4,5]. Table 2 summarizes the
tested for PCR cross-reactivity to the monocytogenes results for each extraction method evaluated. Positive and
primer and probe with 5-50 ng of DNA/reaction utilizing negative predictive values were calculated from the results
the described thermal cycling parameters. Specificity testef 24 dairy samples tested with each procedure. Lower
were also performed on the developed TSB-LCM enrich-detection limits in CFU were also derived (data not shown)
ment medium. Ten-milliliter test tubes of TSB-LCM were to resolve the most efficient DNA extraction protocol for
spiked with>100000 CFU of each of the 45 ndristeria  use with this fluorogenic'suclease assay [8]. As Table 2
spp, 15Listeria spp, and 19.. monocytogenespp listed and sensitivity data indicate, Chelex00 Method 1 and

in Table 1. The cultures were then incubated at@BTor  EnviroAmpg® Method 1 gave the highest percentages of
22 h with shaking at 200 rpm, and evaluated for growth bypositive and negative predictive values (100%), with simi-
optical density readings at 600 nm. Cultures with opticallar sensitivities (data not shown) [8]. Since these two
density readings over. 0.01 at 600 nm after 22 h were conmethods were identical in performance, other factors such
sidered positive for growth in TSB-LCM. as ease of use, cost, and toxicity influenced the decision of
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Table 2 Positive and negative predictive values for evaluated DNA CFU ul™ in this dilution was calculated as 0.5 CRJ™.
extraction methods Five microliters of DNA were added to each PCR reaction,
making the lower detection limit 2.5 CFWI™. The ARQ

Eﬁ{ﬁgﬂm Nug‘nbriecrhﬁjedni'ry ;gg:ggie L\i%?é{‘i’vee value for this dilution (2.413 or 2.4) was then established
8] samples tested value (%) value (%) as the threshold\RQ for a positive result with the fluoro-
genic 3 nuclease assay.
Chelex P 24 100 100 To assess the sensitivity of the assay for dairy samples,
Chelex 2 24 100 88.9 dairy enrichments were spiked with enumeratednono-
Chelex 3 24 100 88.9 cytogenesdefore incubation for 20 h at ST. After enrich-
GUSCN 1 24 100 727 ment, DNA extraction was performed by the Chéleb00
GUSCN 2 24 100 72.7 Method 1 protocol. Results indicated a lower detection limit
GuSCN 3 24 100 100 of 5 CFU per 25 g mtt dairy sample after fluorogenic 5
v, A 1 ” 100 100 nuclease PCR and analysis on the TagMan LS-50B PCR
Env. Amg 2 24 94.1 100 Detection System.

aDNA extraction method chosen for field study. Field stu dy

A field study was conducted to assess the utility of the
which method was chosen. Taking all variables into con-developed fluorogenic' fiuclease assay for detectionlof
sideration, the Cheléx100 Method 1 was selected for use monocytogenefrom dairy plant-generated samples. Two
with this fluorogenic 5nuclease assay. hundred and sixty-six samples were obtained from two Cal-

In an attempt to lower PCR inhibition with complex ifornia dairy plants, and consisted of a variety of dairy pro-
dairy enrichments, a step involving filtration through a Spinducts. Eighty-three of these samples were spiked with vary-
Filter” (Bio 101) was added in the last step of the Chélex ing amounts of L. monocytogenesto test detection
100 extraction protocol. In studies involving the analysiscapabilities. Figure 1 shows the schematic representation
of samples with and without the Spin Filtestep, extracts of the experimental procedure. In evaluating the results, 10
were found to have a significant reduction in PCR inhi-of the 266 samples were discrepant with respect to culture
bition when the step was incorporated (unpublished data)esults, with six false positives and four false negatives. As

shown in Table 3, the data produced a 95.2% sensitivity,
Specificity and sensitivity studies 96.7% specificity, 92.9% positive predictive value, 97.8%
The specificity of the assay was evaluated with.18hono-  negative predictive value, and 96.2% accuracy for the
cytogenes15 Listeria spp, and 45 nohisteria strains as  described fluorogenic' Siuclease assay using culture veri-
summarized in Table 1. All 19 of the. monocytogenes fication. Additionally, all samples that produced false posi-
strains tested positive with the assay, showing high fluortive results were examined further. For each of these
escence increases andRQ values averaging 9.013 (Table samples, any corresponding MOX plate isolates were DNA
1). Some cross-reaction of the primer pair and fluorescergxtracted and tested for cross-reactivity with the fluorogenic
probe did occur with five of the 60 ndn-monocytogenes 5' nuclease assay. However, none of the isolates tested in
strains evaluated. Four of these strains, however, werthis manner produced a positive resuRQ above 2.4),
unable to grow in the selected enrichment formulationand showed no visible signs of amplification after gel
within 24 h (Table 1). Only one strain that showed aelectrophoresis of product.
primer/probe cross-reactiorLiteria gray) was able to Gel electrophoresis analysis of all samples tested in the
proliferate in the selective enrichment medium within 24 hfield study was conducted to compare the fluorescént 5
and therefore could theoretically cause a false positivewuclease assay calls to amplicon presence on agarose gels
result for the assay (Table 1). stained with ethidium bromide. There was 100% congru-

Sensitivity studies were performed on pure cultures ofence between both methods, with all positive fluorogenic
L. monocytogeneto test the lower detection limit of the 5' nuclease assay results generating a visible amplicon, and
fluorogenic 5 nuclease assay, and to verify baseline thresall negative results showing no amplicon on agarose gels
hold ARQ values for positive calls from dairy enrichments. for field study samples.

When pure cultures df. monocytogenewere enumerated Isolates that produced black colonies on MOX plates
and run through the DNA extraction and fluorogenic 5 from dairy sample enrichments were subjected to fatty acid
nuclease assay, a lower detection limit of 2.5 CFU per PCRnethyl ester (FAME) analysis to identify these organisms
was obtained. This value was calculated by noting the numfor culture comparisons. This technique also identified
ber of CFU in the lowest dilution of culture that produced organisms that could compete withmonocytogeneis the

a significant increase in fluorescence over the no templat€SB-LCM medium. Table 4 lists the FAME identification,
controls (PCR amplification was verified by agarose gelnumber of isolates, and predominant food sources of all
electrophoresis). This number was then divided by thessculin hydrolysis-positive microorganisms (other than
approximate final volume of the DNA extraction to obtain spiked L. monocytogengsisolated from the field study
the number of CFUul™* of DNA extract. In this study, samplesBacillus licheniformisvas the predominant isolate
the lowest dilution that produced a significant fluorescenceédentified, followed byBacillus coagulansBacillus pum-
signal contained 81 CFU. Since the final volume of theilus, and otherBacillus spp. OneStaphylococcusind one
DNA extracts was approximately 160, the number of Proteusspecies were also isolated and identified, indicating
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1 g or 1 ml of dairy sample is incubated
at 37 C° for 20 h in 9ml enrichment media
*selected samples are spiked with various
concentrations of L. monocytogenes Scott A

.

v

DNA is extracted from dairy
samples using Chelex® 100
Method 1

l

PCR is performed on extracted
DNA using a L. monocytogenes
specific primer pair and fluorescent
TaqMan™ probe.

4

Fluorescent signal is measured by a
TagMan™ LS-50B PCR Detection
System before and after PCR

l

Results from TagMan™ LS-50B PCR
Detection System analyses are
compared to gel electrophoresis results.

Figure 1 Listeria monocytogeneffuorescent 5nuclease assay.

L

Dairy enrichments are streaked
onto MOX plates and incubated
for 24 h at 37°C.

l

All black colonies on MOX plates
are subjected to FAME analysis for
culture comparison and
identification purposes.

that these organisms could proliferate in TSB-LCM and

Table 3 Sensitivity, specificity, positive predictive value (PPV), negative COMpete withL. monocytogeneduring enrichment.
predictive value (NPV), and accuracy of tHesteria monocytogenes

fluorogenic 5 nuclease assay

Number of Sensitivity  Specificity PPV NPV  Accuracy
dairy samples

analyzed

266 95.2% 96.7% 92.9% 97.8% 96.2%

Table 4 MOX plate isolate IDs identified by FAME analysis

Microbe Number of Predominant food
isolates sources

B. licheniformis 20 cheese and milk

B. coagulans 11 cheese and cream

B. pumilus 4 milk and yogurt

B. amyloliquefaciens 3 cheeses

B. atrophaeus 1 swiss cheese

B. brevis 1 milk

B. cereus 1 cream

Staph. epidermis 1 cream

Proteus mirabilis 1 swiss cheese

Discussion

The described fluorogenic Buclease assay was successful
in analyzing low numbers of artificially spiked. mono-
cytogenesin dairy enrichments within 24 h or less. An
enrichment medium formulation and a DNA extraction pro-
tocol were designed and optimized for use with this fluor-
ogenic 5 nuclease assay. Development of the enrichment
medium for this study involved the investigation of differ-
ent non-fluorescent selective agents that inhibited the
growth of competing flora, while allowing for proliferation
of low numbers ofL. monocytogeneéunpublished data).
DNA extraction studies evaluated eight protocols of known
utility for their efficiency in extracting.. monocytogenes
DNA from dairy enrichments for use with the fluorogenic
5 nuclease assay. Three of the methods (Chelex 1, GUSCN
3, and EnviroAmpl) performed well with a 100% positive
and negative predictive value for the study (Table 2) [8].
However, the Chelék100 Method 1 was chosen for further
applications because it was easier, less toxic, and more
economical than the other two procedures. Incorporation
of the Bio 101 Spin Filtét device further enhanced the
reproducibility and reliability of this method by removing
fluorescent residue and possible PCR inhibitors from the
extracts. Evidence for the effectiveness of the extraction
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method was apparent ARRQ values of most negative dairy stringent thermocycling conditions are presently being 173
samples deviated by only0.4ARQ points from the no investigated to reduce or eliminate all cross-reactivity with
template controls. PCR inhibition was also minimal, sup-this fluorogenic 5assay.

ported by the low number of false negative results obtained The experimental protocol outlined in Figure 1 describes

in the field study (Table 3). The extraction method provedthe steps taken to test the assay in a field study utilizing

to be reliably accurate for most samples run through th€66 dairy samples from two different California dairy pro-
fluorogenic 5 assay, given the wide variety of complex duction facilities. The two segments of the field study
dairy samples with high lipid and protein contents analyzednvolved analysis of dairy enrichment extracts with the

(ie butter, buttermilk, raw milk, and yogurt). monocytogene$luorogenic 5 nuclease assay and simul-

Optimization of the outlinedListeria monocytogenes taneous culture comparisons for each sample. Since the cul-
fluorogenic 5 nuclease assay included both sensitivity andture comparison procedure is not completely selective for
specificity studies. Sensitivity studies involving pure cul- L. monocytogenesll isolates from MOX plates exhibiting
tures and.. monocytogenespiked dairy enrichments dem- esculin hydrolysis were identified by fatty acid methyl ester
onstrated that the assay was reliably sensitive, with lowe(FAME) analysis. This analysis also served another pur-
detection limits below 10 CFU under both conditions. With pose: to identify organisms other théan monocytogenes
these data, a positive threshdd®Q value of 2.4 and above present in dairy samples that had the ability to proliferate
was designated for the analysis of dairy enrichment extractand compete withL. monocytogenedn the enrichment
for this assay. Figure 2 shows the linear relationship ofmedia. Forty-three esculin hydrolysis-positive isolates
CFU/PCR andARQ values for sensitivity studies perfor- (other thanL. monocytogengsfrom MOX plates were
med on pure cultures @f. monocytogeneg he graph dem- obtained and identified by FAME analysis (Table 4). Forty-
onstrates the quantitative nature of the assay with pure cubne of these organisms were identifiedBadicheniformis
ture extracts. Sensitivity of the complete assay utilizingand otherBacillus spp. Some of the isolates (those from
dairy enrichments was performed with a lower detectionfalse positive dairy enrichments) were DNA extracted and
limit determined at 5 CFU per 25 g mlof dairy sample. analyzed by the fluorogenic Buclease assay. None of the
Analyses involving post-enrichment spiked dairy samplessolates tested in this manner, however, produced positive
were not performed in this study, but are presently beingesponses with the fluorogeni¢ &say or visible evidence
tested with a variety of dairy products. of amplification on agarose gels.

Assay specificity tests performed on 60 bacterial species When compared to culture results, the fluorogeric 5
other thanL. monocytogeneshowed cross-reactions with nuclease assay performed within and above the statistical
five organisms (Table 1). However, only one of the five percentages of other described methods of detection (Table
organisms I(isteria gray) was able to proliferate in the 3)[10]. Especially noteworthy is the method’s negative pre-
enrichment medium employed within 24 h. Although this dictive value (97.8%), which gives the confidence level of
could potentially be a source of false positive designationsa negative call as compared to standard culture techniques.
this organism was not isolated from any of the dairy pro-This value is crucial for the food and dairy industry and
ducts evaluated thus far, and has never been isolated in oaonsumer safety. The four false negative result designations
studies involving environmental samples from dairy pro-that were obtained were from cheese (1), cottage cheese
duction environments [7]. Other studies suggest thiat curd (2), and buttermilk (1) dairy sample enrichments.
teria grayi is very rarely isolated from food sources [17]. Three out of these four false negative samples were spiked
Cross-reactivity with DNA targets of other species maywith low numbers of CFU (50-60) before enrichment pro-
have been due to large or optimal amounts of DNA presentedures, suggesting that low numbers of cells after enrich-
in the PCR mix causing non-specific amplification. More ment may have contributed to a false negative call. PCR
inhibitors could have also been present in these DNA
extracts, with amplification inhibition being more pro-
nounced with low numbers of target sequences in the
PCR reactions.

ol All false positive results obtained revealed evidence of
amplification on agarose gels. This indicated that the target
sequence was present, and that the increase in fluorescence
E was not a consequence of inherent fluorescence in the DNA
extracts. These false positive results could have been due
to cross-contamination during the extraction procedure,
41 because high, low, and non-spiked enrichment samples
were extracted simultaneously. Primer and probe cross-
reactivity could have occurred with organisms other than
L. monocytogenes the enrichments and DNA extracts.
Another possibility is that this assay may be more sensitive
i , , . . , . : than culture methods, detecting low numbers.oimono-
.001 .01 A 1 10 100 1000 10000 100000 1000000 CytOgeneSnatura“y present |n dalry Samples.

CFU/PCR In conclusion, the proposed fluorogeniabiclease assay

Figure 2 Detection ofL. monocytogenesure culture extracts using the O the detection oL.. monocytogeneis dairy products is
fluorogenic 5 nuclease assay. a sensitive method with high-throughput capabilities that

y = 2.7029 + 1.0565*LOG(x) RA2 = 0.971

Delta RQ




Fluorogenic detection of L. monocytogenes
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can be completed within 24 h of sampling. The fluorescent? Cox T, C Green, J Saldana, SJ Flood, C Paszko-Kolva and RJ Cano.
detection format of the assay also eliminates the compli- 1997: Development of a flurogenic Buclease assay for the rapid

. L . . ... detection ofListeria spp in dairy environmental samples. Poster ses-
cations of subjective gel electrophore3|_s analysis. Ver|_f|— sion, ASM Annual Meeting, Miami, FL.
cation of the method with culture comparisons on 266 dairy g cox T, R Behari, SJ Flood, CT Yamashiro, C Paszko-Kolva and RJ
samples gave statistical percentages of sensitivity, speci- Cano. 1996. Evaluation of rapid DNA extraction methods for the
ficity, positive predictive value, negative predictive value, detection ofListeria monocytogeneis dairy products using the Tag-

and accuracy well above 90%, which compares favorably ngtifgquigft?e D\f\}zc“on System. Poster session, IAMFES Annual

to otherL. monocytogenedetection methods [10]. 9 De Lamballerie X, C, Zandotti, C Vignoli, C Bollet and P de Micco.
1992. A one-step microbial DNA extraction method using ‘Chelex
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