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a b s t r a c t

Listeria contamination in processing plant environments is a major issue for the seafood industry
worldwide; faster and more reliable results are therefore desired for early detection and monitoring of
environmental Listeria spp. This study aimed to gain a better understanding of the prevalence and di-
versity of Listeria spp., and to evaluate a rapid detection method, the 3M Molecular Detection Assay
(MDA) Listeria, for its ability to detect Listeria spp. in environmental samples from seafood processing
plants. Duplicate environmental sponge samples (n ¼ 444) were collected from 152 different sites within
three seafood processing plants, and analyzed for Listeria spp. by the MDA method (after 26 and 48 h of
enrichment) and the U.S. Food and Drug Administration Bacteriological Analytical Manual method.
Overall, detection of Listeria spp. by the two methods did not differ significantly (p > 0.05); 11 (4.9%) and
13 (5.9%) samples were positive for Listeria spp. by the MDA and FDA-BAM method, respectively. The
sensitivity of the MDS was 87.0% (95% CI: 77.4e96.6%), specificity was 97.6% (95% CI: 95.5e99.7%), ac-
curacy was 95.3%, and the positive predictive value was 89.4% (95% CI: 80.5e98.2%). Classification of 19
Listeria isolates by partial SigB sequencing analysis identified three allelic types. Twelve of these isolates
were ATs 58 and 60 which were classified as Listeria monocytogenes lineage I and serotypes 1/2b, 3b, 4b,
4d, 4e, by multiplex-PCR serotyping. Six Listeria isolates were classified as Listeria innocua (AT31). Our
data show that the 3MMolecular Detection Assay Listeria provides rapid and reliable results for detection
and monitoring of Listeria spp., which are important for seafood processing plants. Effective Listeria
monitoring programs will allow for improved development of Listeria control measures in order to
minimize cross-contamination in finished products.

© 2014 Elsevier Ltd. All rights reserved.
1. Introduction

Listeria spp. is ubiquitous in nature and commonly found in
diverse sources, e.g., soil, manure, silage, raw agricultural com-
modities (den Bakker et al., 2014; Fenlon, 1999; Vongkamjan,
Moreno Switt, den Bakker, Fortes, & Wiedmann, 2012; Wesley,
1999). Among these diverse species of Listeria, Listeria mono-
cytogenes is a serious pathogen that can cause a severe human
disease, listeriosis. Although this disease is rare, 20e30% of liste-
riosis cases are fatal, and themajority of thosewho have an invasive
L. monocytogenes infection typically require hospitalization (CDC,
2013). Consumption of food contaminated with this pathogen has
þ66 74 228 866.
).
been reported as the main route of transmission to humans (Farber
& Peterkin,1991). Listeria spp., including L. monocytogenes have also
been isolated from the environment of various types of food pro-
cessing facilities, e.g., meat, poultry, dairy, and seafood processing
facilities (Eifert et al., 2005; Lappi et al., 2004; Ojeniyi, Wegener,
Jensen, & Bisgaard, 1996; Vongkamjan, Roof, Stasiewicz, &
Wiedmann, 2013; Williams et al., 2011) as well as retail establish-
ments (Sauders et al., 2004). Control of L. monocytogenes is a
continuous challenge for the food industry [reviewed in (Ferreira,
Wiedmann, Teixeira, & Stasiewicz, 2014)], including the seafood
industry. Processing facilities manufacturing seafood products are
common in Thailand as seafood is a major food category for inter-
national markets. Listeria contamination of final products in sea-
food processing facilities may occur from various sources, for
example, contamination of raw materials (Norton et al., 2001) or
contamination of products during processing from the process
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environments (Dauphin, Ragimbeau, & Malle, 2001; Fonnesbech
Vogel, Huss, Ojeniyi, Ahrens, & Gram, 2001; Hoffman, Gall,
Norton, & Wiedmann, 2003; Rørvik, Caugant, & Yndestad, 1995).
Several previous studies have also found that the processing envi-
ronment was the major contamination source for final seafood
products, including Ready-To-Eat (RTE) foods (Autio et al., 1999;
Kornacki & Gurtler, 2007; Lappi et al., 2004; Rørvik et al., 1995;
Thimothe, Nightingale, Gall, Scott, & Wiedmann, 2004).

Prevalence of Listeria can fluctuate over time in a given plant,
dependent upon the manufacturing loads and disinfection sched-
ules between the shifts (Fonnesbech Vogel et al., 2001; Hu et al.,
2006). Early detection and monitoring of environmental Listeria
spp. are thus crucial for the seafood industry to prevent foodborne
outbreaks and to comply with regulatory requirements. The US FDA
has recommended that each processing facility establish and
implement a written plan for collection of environmental samples
from high risk surfaces and areas, and for the testing of those
samples for the presence of Listeria spp. or L. monocytogenes (FDA,
2008). Although testing for Listeria spp. as an indicator for
L. monocytogenes contamination is recommended and routinely
practiced, the relationship between the L. monocytogenes and Lis-
teria spp. has not been well elucidated. A previous study has re-
ported that prevalence of Listeria spp., on food and non-food
contact surfaces, was not shown to be a good indicator for
L. monocytogenes prevalence in seafood processing plants by anal-
ysis of nine sets of peer-reviewed published data (Alali & Schaffner,
2013). Data from periodic sampling and testing can be used as a
reference for determining routes of Listeria contamination to the
plants that may lead to post-processing contamination in finished
products. Data are also valuable for developing and evaluating
control measures of Listeria in a given processing plant over time.

The 3Mmolecular detection system (MDS) is an advanced rapid
method for the detection of Listeria spp. The MDS utilizes an
innovative technique called loop-mediated isothermal amplifica-
tion (LAMP) that has been shown to be a simplemethod to perform,
which yields high specificity, sensitivity, and rapid results (Mori &
Notomi, 2009). LAMP has been previously deployed for the detec-
tion of pathogens in food as well as a diagnostic method of infec-
tious diseases (Mori & Notomi, 2009; Parida, Sannarangaiah, Dash,
Rao, & Morita, 2008). Faster and more reliable results are typically
desired for early detection and monitoring of environmental Lis-
teria spp. in order to validate effective control measures and pre-
vent further post-processing contamination in food products. The
current study was conducted to (i) gain a better understanding of
the prevalence and diversity of Listeria spp., and (ii) evaluate the 3M
Molecular Detection Assay (MDA) Listeria for its ability to detect
Listeria spp. in environmental samples from seafood processing
plants in Thailand.

2. Materials and methods

2.1. Collection of environmental samples

Duplicate environmental sponges were collected from 152
different sites within three seafood processing plants in Southern
Thailand. For each pair of samples collected from a given site, one
was used for enrichment with the 3M Modified Listeria Recovery
Broth (mLRB) and one for enrichment with the standard U.S. Food
and Drug Administration Bacteriological Analytical Manual (FDA-
BAM) procedures, as detailed below. Sterile pre-wetted 3M Sponge-
Sticks in Letheen Buffer were used to swab areas of approximately
10 � 10 cm2

five times vertically and five times horizontally.
Sponges were then placed aseptically in their original sterile bags.
Sticks were detached from the sponges before sealing the bags.
Samples were kept on ice during transport to the laboratory, and
analysis of samples was performed within 24 h of sample
collection.

To increase the likelihood of finding Listeria in environmental
samples, the busy operation schedules of the processing plants
were chosen, i.e., the last two weeks of December to the first week
of January (production for Christmas and New Year's sell cycles).
Overall, 444 sponge samples were collected from three plants be-
tween November 2012 and January 2013. Two sampling visits were
conducted for each plant. For plant A, duplicate sponge samples
were collected from the same 40 sites at each of the two visits,
which were 10 days apart for a total of 160 sponges collected from
this plant. For plant B, 120 spongeswere collected from the same 30
sites during two visits which were two days apart. Eight sponges
were also collected from four additional sites of plant B during visit
1. For plant C, 48 spongeswere collected from 24 sites during visit 1,
and 108 samples from 54 sites during visit 2. See Table 1 on details
of the sites in each seafood processing plant that were included for
environmental sample collection. Of 152 sites within three seafood
processing plants, 64 sites were food contact surfaces and 88 sites
were non-food contact surfaces (see Table 2).

2.2. Preparation of artificially contaminated sponges

Cultures of three Listeria spp. [L. monocytogenes, FSL J1-208
(Food Safety Laboratory, Cornell University, Ithaca, NY); Listeria
innocua (DMST 9011), and Listeria ivanovii (DMST 9012; obtained
from the Culture Collection of the Department of Medical Science
Thailand)] were used separately to prepare artificially contami-
nated samples. An isolated colony of a given species was used to
prepare an overnight culture in 5 ml of BHI (Brain Heat Infusion)
broth followed by incubation at 37 �C for 18e20 h. Overnight cul-
ture of each species was diluted in PBS (Phosphate Buffered Saline,
pH 7.4) to achieve approximately 5 CFU/ml in a final volume of
10 ml. For each study, two artificial contamination and sampling
procedures were performed in duplicate: (i) direct addition onto
sponges and (ii) swabbing the artificially inoculated surfaces
(polystyrene and stainless steel plates). The prepared inoculum of a
given species (1 ml, representing 5 CFU) was directly added into a
bag containing a pre-wetted 3M Sponge-Stick in Letheen Buffer.
Surfaces of sterile lids of the 96-well plates (polystyrene material)
and sterilized stainless steel plates were artificially contaminated
with 1 ml of the overnight culture of each given species. The pre-
pared inoculum (1 ml) was spotted, by dropping 10 drops of
approximately 100 ml, onto the surfaces of polystyrene lids and
stainless steel plates, covering the areas of approximately
10 � 10 cm2. Applied inoculum on the surfaces was allowed to air-
dry for 3 h in the laminar flow, followed by swabbing using the pre-
wetted 3M Sponge-Sticks in Letheen Buffer as the procedures
described above. Overall, the artificial contamination and sampling
procedures with three species of Listeria were performed on 36
samples in two independent studies. Samples were tested by both
methods as described below.

2.3. Detection of Listeria spp. using the 3M molecular detection
assay (MDA) Listeria

Environmental sponges were processed for enrichment; 90 ml
of the 3M Modified Listeria Recovery Broth (mLRB) was added
directly to each collected sample. Samples were homogenized us-
ing a stomacher (220 rpm) for 60 s (Stomacher 400, Seward Med-
ical, UK), and incubated at 37 �C for 26 h and 48 h. For each set of
samples tested, positive and negative process control samples were
prepared. For a positive control, 1 ml of the diluted overnight cul-
ture of L. monocytogenes FSL J1-208 was added into a sample bag
with sterile enrichment media to achieve a level of 105 CFU/ml. The



Table 1
Sites in each seafood processing plant included for environmental sample collection.

Plant A Plant B Plant C

Processing
department

Food contact surfaces Non-food contact
surfaces

Processing
department

Food contact surfaces Non-food contact surfaces Processing
department

Food contact surfaces Non-food contact
surfaces

(1) Gyoza � Bucket containing
shrimps

� Employee's gloves
(prep room)

� Gyoza mold
� Blender for Gyoza

stuffing

� Drain,
steaming room

(1) Frozen
cooked
shrimps

� Conveyor belt to freezer
� Working table, sizing station
� Cutting board
� Sieve containing shrimps
� Stainless steel, peeling station
� Working table, sizing station

� Drain, boiling room
� Conveyor belt from

boiling pot
� Cart wheel
� Top of glazing machine
� Conveyor, boiling section
� Conveyor belt, peeling station
� Conveyor belt, auto weigh
� Side of glazing machine

(1) Frozen
cooked
shrimps

Raw material receiving section:
� Bucket containing shrimps
� Tray containing shrimps

Sizing station:
� Tray containing shrimps
� Work table

Preparation (splitting
dissecting, cleaning):
� Drain
� Cart wheel/handle

of the cart
� Conveyor belt
� Ice scoop
� Ice bucket
� Back of the freezer
� Sink
� Bucket for

washing shrimps
� Spatula

(2) Squid
sushi

� Employee's gloves
(production room)

� Splitter
� Working table
� Knife
� Stainless steel block

containing shrimps
� Towel for absorbing

squid
� Employee's gloves

(prep room)

� Towel spinner
� Conveyor belt
� Forceps
� Bucket for seasoning
� Cleaning sponge
� Scale
� Drain, production

room
� Drain, prep room

(2) Shrimp
(cooked)
sushi

� Sieve containing shrimps,
cooling section

� Bucket for weighing shrimps

� Floor, cooling section
� Cart wheel, cooling section
� Drain, cooling section
� Conveyor belt, peeling station
� Working table, freezing section
� Scale

Preparation (splitting dissecting,
cleaning):
� Bucket containing shrimps
� Tray containing washed

shrimps
� Work table
� Knife blade

Packing:
� Drain
� Sink
� Conveyor belt of

a scale

(3) Shrimp
sushi

� Employee's gloves
(splitting shrimps)

� Basket
� Bowl containing

shrimps
� Employee's gloves

(packaging)
� Bucket containing

shrimps
� Working table

� Drain
� Scale
� Conveyor belt 2
� Conveyor belt 3

(3) Shrimp
(raw)
sushi

� Sieve containing shrimps
� Cutting board
� Stick, chilling section

� Drain, production room
� Scale
� Cart containing ice
� Employee's apron, peeling station
� Conveyor belt, peeling station
� Conveyor belt
� Working table, chilling section
� Cart wheel
� Conveyor belt, peeling station

Production (boiling, chilling,
freezing, glazing):
� Bucket containing shrimps
� Weighing basket
� Stainless steel block

containing shrimps

Packing:
� Work table
� Funnel
� Weighing basket

(4) Shrimp
tempura

� Batter blender
� Bread crumbs tray
� Stainless steel sieve
� Bucket for soaking

shrimps
� Stainless steel tray

containing shrimps
� Employee's hand

(dipping batter)
� Employee's gloves

(prep)

� Conveyor belt
� Drain, frying room
� Cleaning sponge
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Table 2
Recovery of Listeria spp. from environmental samples collected from seafood processing plants.

No. of samplesa collected during each sampling visit: No. (%) of samples positive for Listeria spp.c detected by:

Visit 1 Visit 2b Total samples (sites) FDA-BAM method 3M MDA method

FCS NFCS FCS NFCS Visit 1 Visit 2 Total Visit 1 Visit 2 Total

Plant A 24 16 24 16 80 (40) 9 4 13 7 4 11
Plant B 10 (1) 20 (3) 10 20 64 (34) 0 0 0 0 0 0
Plant C 5 19 24 30 78 (78) 0 0 0 0 0 0
Total 40 58 58 66 222 (152) 9 4 13 7 4 11

a Samples were collected in duplicate from a given sampling site; numbers shown in this table represent single sponge from a given site. One of each duplicate was tested by
the corresponding detection method.

b Sampling sites of only plants A and B were kept constant during sampling visits 1 and 2. For visit 1 to plant B, 4 additional sampling sites (indicated in parentheses) were
also included.

c Listeria spp. includes L. monocytogenes.
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overnight culture of L. monocytogenes was prepared and diluted
following the procedures described above. Uninoculated enrich-
ment media was used as a negative control. The same enrichments
were used after 26 h and 48 h of incubation to prepare lysate to be
tested with the 3M MDA, following the manufacturer's protocol.
Sample lysate (20 ml) was transferred to a reagent tube and its
corresponding 3M Molecular Detection Matrix Control tube, and
mixed by pipetting. Reagent and Matrix Control tubes were loaded
into the 3M Molecular Detection Speed Loader Tray, and analysis
was performed using the instrument and software (3M MDS). For
each test run, one positive process control, one negative process
control, one reagent control (provided with the kit), one negative
assay kit control (provided with the kit) were also included. Pre-
sumptive positive results were reported in real-time, while nega-
tive results were displayed at the end of the 75-min run.

To confirm the results obtained by the 3M MDS, the FDA-BAM
plating procedures were followed. An aliquot (50 ml) of the same
enrichments used to prepare the lysate mentioned earlier was
streaked onto Chromogenic Listeria agar (OCLA; Oxoid, Basingstoke,
Hampshire, UK). OCLA plates were incubated at 37 �C for 48 h.
Typical colonies on OCLA of Listeria spp. (bluish-green, without halo
zone) and L. monocytogenes or L. ivanovii (bluish-green, with halo
zone) were substreaked onto brain heart infusion agar plates (BHI;
Oxoid). BHI agar plates were incubated for 37 �C for 24 h. Pre-
sumptive Listeria colonies were confirmed by PCR and partial SigB
gene sequencing analysis as detailed below (Section 2.5). All Listeria
isolates were kept at �80 �C in BHI with 15% glycerol.

2.4. Detection of Listeria spp. using the FDA bacteriological
analytical manual (BAM) method

Duplicate environmental samples collected from the 152 sam-
pling sites (Table 2) were processed for Listeria enrichment and
testing according to the FDA-BAM standard method (Hitchins &
Jinneman, 2011, Chapter 10) with minor modifications. Briefly,
90ml of Buffered Listeria Enrichment BrothBase (BLEBB;Oxoid)was
added to each bag containing a sponge. Samples were homogenized
using a stomacher (220 rpm) for 60 s, followed by incubation at
30 �C for 4 h. After 4 h of incubation, Listeria Selective Enrichment
Supplement (SR 141E;Oxoid)was added into each sample according
to themanufacturer's instruction, followed bycontinued incubation
at 30 �C. At 24 h and 48 h of incubation, 50 ml of enrichment was
streaked onto each Modified Listeria Selective Oxford Agar (MOX;
Oxoid) and OCLA plates. MOX plates were incubated at 30 �C for
48 h, and OCLA plates were incubated at 37 �C for 48 h.

2.5. Confirmation of Listeria spp. and serotyping by multiplex PCR

For each sample that tested positive for Listeria, one putative
colony was selected from BHI plate obtained as described in Section
2.3. To confirm Listeria spp., PCR amplification of a 370-bp region in
the prs gene (Doumith, Buchrieser, Glaser, Jacquet, &Martin, 2004)
was performed, using the primer pairs: 50GCT GAA GAG ATT GCG
AAAGAA G30 and 50CAA AGA AAC CTT GGA TTT GCG G30. Additional
primer pairs were used to amplify lmo0737 (691 bp), lmo1118
(906 bp), ORF2819 (471 bp), and ORF2110 (597 bp) for classification
into groups of serotypes, as reported by Doumith et al. (2004).
Oligonucleotide primers used in this study were synthesized by
Macrogen, Korea. Each bacterial lysate used for the PCR reaction
was prepared following the boiling method [modified from Kim
et al. (2007)]. Briefly, an aliquot (1 ml) of the overnight culture
was subjected to centrifugation at 10,000 � g for 10 min to pellet
the cells, followed by resuspension in 500 ml of sterile distilled
water and boiling at 100 �C for 10 min. Samples were cooled
immediately at �20 �C for 5 min, and centrifuged at 10,000 � g for
10 min. Lysates were kept at �20 �C, followed by thawing and
centrifugation at 4000 � g to pellet the debris before using as
template. Two microlitres of the supernatant was used as the
template DNA for a 25-ml PCR reaction mixture containing reagents
of the same concentrations and the same PCR cycling conditions as
described in Doumith et al. (2004). PCR products were resolved on
electrophoresis on 1.0% agarose gel. Agarose gels were run at 100 V
for 30 min, and visualized under UV light. A DNA-molecular ladder
(100-bp ladder; Vivantis Technologies) was included in each gel.

2.6. Identification of Listeria species by SigB sequencing

Partial sequences of the SigB gene were used to classify isolates
into Listeria spp. based on allelic type (AT) classification as in pre-
vious studies (den Bakker, Bundrant, Fortes, Orsi, & Wiedmann,
2010; Milillo et al., 2012). PCR amplification of a 780-bp region of
SigB gene was performed following the protocols described in
(Nightingale, Windham, & Wiedmann, 2005). PCR products were
submitted to Macrogen, Korea for purification and sequencing.
Sequences were assembled and edited with DNA Baser Sequence
Assembler v3.x (2012), Heracle BioSoft SRL Romania (http://www.
DnaBaser.com), followed by AT assignment. ATs were assigned by
comparison of SigB sequences to an existing reference database
(provided by H. den Bakker, Cornell University, Ithaca, NY)
comprising of 153 previously identified unique SigB allelic types
from L. monocytogenes, Listeria marthii, L. innocua, Listeria wel-
shimeri, Listeria seeligeri, and L. ivanovii.

2.7. Statistical analysis

To determine the differences between the proportions of Lis-
teria-positive samples obtained from the 3M MDA Listeria, and the
reference FDA-BAM method, a Chi-square test was performed. The
95% confidence intervals for the performance of the 3M MDA Lis-
teria as compared to the reference BAM-FDA method for the
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detection of Listeria spp. were calculated. JMP software version 11
(SAS Institute Inc., SAS Campus Drive, Cary, North Carolina) was
used for statistical analysis in this study.
3. Results

3.1. Detection of Listeria spp. from environmental and artificially
contaminated samples

Two detection methods, the standard FDA-BAM and the 3M
MDA Listeria, were performed on each set of 222 environmental
samples (n ¼ 444). Of 222 environmental samples tested following
the FDA-BAM method, 13 samples (5.9%), all from plant A, were
positive for Listeria spp. For the other 222 samples (collected in
parallel with those 222 samples) duplicate tested following the 3M
MDA Listeria, 11 samples (4.9%) were positive for Listeria spp. All
positive samples tested by this method were also collected from
plant A. Overall, detection of Listeria spp. by the two methods did
not differ significantly (p > 0.05).

Of the 13 samples from plant A that tested positive for Listeria
spp. by the FDA-BAM method, nine positive samples were found
among samples collected during sampling visit 1, while four other
positive samples were from sampling visit 2 (Table 2). Among the
nine positive samples recovered from visit 1 by the FDA-BAM
method, eight represented food contact surface (FCS) samples and
only one was non-food contact surface (NFCS) sample (Table 3).
Samples from FCS were collected from three processing de-
partments of plant A (i.e., Gyoza processing, shrimp tempura pro-
cessing, and squid sushi processing). The only one NFCS sample
that tested positive was swabbed from the drain of the preparation
room of the shrimp tempura processing department. Among the
four positive samples recovered from visit 2 by the FDA-BAM
method, three were FCS samples from two processing departments
Table 3
Distribution of Listeria spp. in environmental sites of plant A.

(Processing departmenta)
environmental sites

Sampling visit 1 Allelic typec

(classification)
Se

Detectedb by

FDA-BAM 3M MDA

Food contact surfaces
(G) Bucket containing shrimps Listeria spp. N/D AT60 (LM lineage I) 1/
(G) Blender for Gyoza stuffing Listeria spp. N/D AT60 (LM lineage I) 1/
(G) Gyoza mold Listeria spp. Listeria spp. AT60 (LM lineage I) 1/

(T) Bread crumbs tray Listeria spp. Listeria spp. AT31 (L. innocua) e

(T) Stainless steel sieve Listeria spp. Listeria spp. AT31 (L. innocua) e

(T) Stainless steel tray
containing shrimps

Listeria spp. Listeria spp. AT58 (LM lineage I) 1/

(T) Bucket for soaking shrimps N/D N/D e e

(T) Batter blender Listeria spp. N/D AT31 (L. innocua) e

(S) Stainless steel block
containing squid

Listeria spp. N/D AT60 (LM lineage I) 1/

(S) Splitter N/D Listeria spp. AT60 (LM lineage I) 1/
(S) Towel for absorbing squid N/D Listeria spp. AT60 (LM lineage I) 1/

Non-food contact surfaces
(S) Drain, prep. room Listeria spp. N/D AT31 (L. innocua) e

(T) Drain, tempura frying room N/D Listeria spp. AT60 (LM lineage I) 1/

(T) Cleaning sponge N/D N/D e e

(G) Drain, steaming room N/D N/D e e

a Processing departments of plant A that showed Listeria-positive results; (G) is Gyoza
b Duplicate samples were detected for Listeria spp. by the FDA-BAM and the 3M Mole
c Allelic type and classification of Listeria species by the analysis of partial sequences
d Serotypes classified by a multiplex-PCR serotyping based on the classification schem
(i.e., Gyoza processing and shrimp tempura processing), and one
was swabbed from the drain of the preparation room of the shrimp
tempura processing department. Among the 222 environmental
samples tested by the 3M MDA method, seven and four positive
samples represented visits 1 and 2, respectively, to plant A. For visit
1, six positive samples were collected from FCS of three processing
departments, and one positive sample was swabbed from the drain
of the tempura frying room (NFCS). For visit 2, one positive sample
was swabbed from the bucket for soaking shrimps (FCS), and three
positive samples were sampled from the cleaning sponge and the
drains of the tempura frying room, as well as the drain of the Gyoza
steaming room.
3.2. Recovery of diverse Listeria spp. in seafood processing plant
environments

Listeria isolates recovered from each positive sample were
further identified to the species level by SigB sequencing analysis.
These isolates included (i) 12 isolates recovered from 12 positive
samples that were detected by a single method (five isolates by the
MDA only and seven isolates by the FDA-BAM only); (ii) six isolates
from samples positive by both methods (12 samples were positive
by both methods and these isolates were selected from six positive
samples by the FDA-BAM method for further analysis). Overall, 18
Listeria isolates included in the analysis generated three allelic
types (Table 3). Ten Listeria isolates were classified as AT 60 and two
other Listeria isolates were classified as AT 58. These two allelic
types could classify these 12 isolates as L. monocytogenes lineage I.
Six Listeria isolates were identified as AT 31 and classified as
L. innocua. Three Listeria isolates, recovered from FCS of the Gyoza
processing department during visit 1 and 2, were identified as
L. monocytogenes lineage I (AT 60), while one isolate recovered from
the drain of the Gyoza steaming room was identified as L. innocua
rotyped Sampling visit 2 Allelic typec

(classification)
Serotyped

Detectedb by

FDA-BAM 3M MDA

2b, 3b, 4b, 4d, 4e N/D N/D e e

2b, 3b, 4b, 4d, 4e N/D N/D e e

2b, 3b, 4b, 4d, 4e Listeria spp. N/D AT60
(LM lineage I)

1/2b, 3b, 4b, 4d, 4e

N/D N/D e e

N/D N/D e e

2b, 3b, 4b, 4d, 4e Listeria spp. N/D AT58
(LM lineage I)

1/2b, 3b, 4b, 4d, 4e

Listeria spp. Listeria spp. AT60
(LM lineage I)

1/2b, 3b, 4b, 4d, 4e

N/D N/D e e

2b, 3b, 4b, 4d, 4e N/D N/D e e

2b, 3b, 4b, 4d, 4e N/D N/D e e

2b, 3b, 4b, 4d, 4e N/D N/D e e

N/D N/D e e

2b, 3b, 4b, 4d, 4e Listeria spp. Listeria spp. AT60
(LM lineage I)

1/2b, 3b, 4b, 4d, 4e

N/D Listeria spp. AT31
(L. innocua)

e

N/D Listeria spp. AT31
(L. innocua)

e

processing; (T) is tempura-shrimp processing; (S) is sushi-squid processing.
cular Detection Assay Listeria methods. ‘N/D’ indicates not detected.
of the SigB gene.
e reported by Doumith et al. (2004).



Table 5
Overall comparison of the 3M molecular detection assay Listeria to the FDA-BAM
method.

The 3M MDA compared to
FDA-BAM method

Value (%) 95% Confidence
interval (CI)

Sensitivity 87 77.4e96.6
Specificity 97.6 95.5e99.7
Accuracy 95.3 92.8e97.9
True positive (positive predictive value) 89.4 80.5e98.2
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(AT 31). L. monocytogenes isolates from FCS of the tempura pro-
cessing department were classified as L. monocytogenes lineage I
(AT 58 and AT 60), while two isolates from the drain of the tempura
frying room were classified as L. monocytogenes lineage I (AT 60).
Isolates from the sushi department were identified as
L. monocytogenes lineage I (AT 60) and L. innocua (AT 31). PCR
amplification of a 370-bp region in the prs gene was positive for 18
Listeria isolates. Multiplex-PCR serotyping showed that 12
L. monocytogenes could be classified into the same serogroup (1/2b,
3b, 4b, 4d, 4e), based on the classification scheme reported by
Doumith et al. (2004).

3.3. Correlation of the 3M MDA Listeria and the standard FDA-BAM
method for the detection of Listeria spp. on environmental samples

Of 222 environmental samples (collected in duplicate), six
samples showed concordant results, while 12 samples showed
discrepant results (Table 4). Five samples tested positive by the 3M
MDA only; three samples showed positive after 26e48 h of
enrichment, and two samples showed positive after 48 h of
enrichment. Seven samples tested positive by the FDA-BAM only
(after 24e48 h of enrichment). All 36 samples that were artificially
contaminated (spiked directly into sponges or spiked onto surfaces
of stainless steel and plastic, followed by surface swabbing) showed
concordant results by the two detection methods. The 3M MDA
Listeria was able to detect as low as 5 CFU of each of the three
species of Listeria (L. monocytogenes, L. innocua, and L. ivanovii) in
environmental sponge samples collected from stainless steel and
plastic surfaces. The overall comparison, including both artificially
contaminated and environmental samples, between the two
methods revealed that the sensitivity of the 3M MDA was 87.0%
(95% CI: 77.4e96.6%), specificity was 97.6% (95% CI: 95.5e99.7%),
accuracy was 95.3% (95% CI: 92.8e97.9%), and the positive predic-
tive value was 89.4% (95% CI: 80.5e98.2%; Table 5). A matrix control
of the 3MMDAwas used with the lysate of a given sample. None of
the matrix controls were inhibited by sample lysates, suggesting
that the performance of the reagents of the 3M MDA was not
affected by components present in these environmental samples.

4. Discussion

To understand the prevalence of Listeria spp. in food processing
plant environments, we collected samples from152 location sites of
the seafood processing plants, including food contact surfaces and
non-food contact surfaces. Culture-based method (FDA-BAM) and a
Table 4
Correlation of the detection results by the 3Mmolecular detection assay Listeria and
the FDA-BAM standard method after enrichment.

No. of samples (source) 24e26 h of
Enrichment

48 h of Enrichment

3M MDA FDA-BAM 3M MDA FDA-BAM

Concordant results
N ¼ 204 � � � �
N ¼ 6 (environmental) þ þ þ þ
N ¼ 36 (artificially contaminated) þ þ þ þ

Discrepant results (all environmental)
N ¼ 3 þ � þ �
N ¼ 2 � � þ �
N ¼ 7 � þ � þ

Number of samples that showed positive (þ) or negative (�) results by both the 3M
MDA and the standard FDA-BAM methods (concordant results), or only one of the
two methods (discrepant results) after (i) 24e26 h of enrichment and (ii) 48 h of
enrichment.
molecular-based rapid detection method for the detection of Lis-
teria spp. in environmental samples were compared. Overall, we
found that (i) Listeria spp. were recovered on both food contact
surfaces and non-food contact surfaces in one of the three seafood
processing plants tested, with isolates representing
L. monocytogenes or L. innocua; and (ii) the 3MMolecular Detection
Assay Listeria yields results that were comparable to those obtained
by the FDA-BAM method on environmental samples.
4.1. Listeria spp. were recovered on both food contact surfaces and
non-food contact surfaces in one of the three seafood processing
plants tested, with isolates representing L. monocytogenes or
L. innocua in the seafood processing plant environments

Occurrence of Listeria spp., especially L. monocytogenes in food
processing plant environments has been a major concern for the
food industry. Several studies have shown that food processing
environment is a key source of Listeria contamination in finished
products, typically at the post-processing stage, or packaging of
foods (Kornacki & Gurtler, 2007; Thimothe et al., 2004). Listeria
spp., including L. monocytogenes have often been found in food
processing plants manufacturing different food products such as
smoked fish (Hoffman et al., 2003; Vongkamjan et al., 2013),
poultry (Kim, Siletzky, & Kathariou, 2008), meat (Ferreira et al.,
2011), and dairy (Kabuki, Kuaye, Wiedmann, & Boor, 2004). Our
data showed that Listeria spp., including L. monocytogenes were
common in different environmental sites of the seafood processing
plant. Although Listeria spp., including L. monocytogenes are ubiq-
uitous in nature, each type of food processing facility may
encounter differences in their prevalence. For example, one previ-
ous study (Kova�cevi�c, McIntyre, Henderson, & Kosatsky, 2012) has
tested samples collected from processing facilities producing three
different types of products, and found that Listeria spp. contami-
nation was more common in fish processing environments
sampled as compared to dairy and meat facilities sampled. A study
by Thimothe et al. (2004) reported that Listeria spp. were
commonly found not only in raw and finished products, but also in
environmental samples collected from four different smoked fish
processing plants.

Our data showed that Listeria spp. was detected among plant A
samples from both food contact surfaces and non-food contact
surfaces, while the prevalence of Listeria spp. was higher in food
contact surfaces. These environmental samples were collected from
three different processing departments, manufacturing Gyoza,
shrimp tempura, and squid sushi within a given seafood processing
plant. A previous study also found that Listeria spp. were most
commonly recovered from close-to-food contact and food contact
surfaces (e.g., cutting boards and work tables) of the fish processing
facilities as compared to meat and dairy facilities (Kova�cevi�c et al.,
2012). However, several previous studies reported the higher
prevalence of Listeria spp. and L. monocytogenes in drains and other
non-food contact sites, and Listeria from these locations were found
to be associated with contamination of the finished products (Lappi
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et al., 2004; Thimothe et al., 2004). In addition, a study by
Vongkamjan et al. (2013) reported that environmental samples
(mainly from drain locations) collected from a smoked fish plant
over approximately 1 year yielded higher prevalence of Listeria spp.
(30.3%) as compared to that of L. monocytogenes (18.2%).

Recovery of Listeria spp. and especially the foodborne pathogen
L. monocytogenes in the environments of the processing de-
partments manufacturing RTE food (i.e., squid sushi) is of a
particular concern. Our findings may indicate a risk of (i) cross-
contamination directly from food contact surfaces to finished
products, and (ii) cross-contamination from non-food contact sur-
faces to food contact surfaces with subsequent contamination of
finished products. Listeria were specifically detected in environ-
mental swabs from the splitter and on the towel for absorbing
squids that were directly contacted onto food products during
production, thus increasing the chance of Listeria contamination in
finished RTE products. RTE seafood products, especially sushi and
sashimi, mainly include raw seafood such as minced or sliced tuna,
fish roe, shrimps, and squids. Previous studies have reported high
contamination rate of L. monocytogenes in raw RTE seafood prod-
ucts (Handa et al., 2005; Miya, Takahashi, Ishikawa, Fujii,& Kimura,
2010). In addition, all L. monocytogenes isolates from our study
showed serotypes 1/2b, 3b, 4b, 4d, 4e which included the common
serotypes that have been previously isolated from foods and human
listeriosis cases (Graves, Swaminathan, & Hunter, 2007).

Our study showed that L. monocytogenes and L. innocua were
commonly found among environmental samples from one seafood
processing plant. Both Listeria spp. and L. monocytogenes could be
present in environmental samples from food processing plants in
previous studies (Fortes, David, Koeritzer, & Wiedmann, 2013;
Kova�cevi�c et al., 2012; Lappi et al., 2004). Another study by
Vongkamjan et al. (2013) demonstrated that both Listeria spp. and
L. monocytogenes could be detected in environmental samples
collected from a smoked fish processing plant over approximately
1 year of sampling. Different species of Listeria, especially the three
most common species, L. innocua, L. welshimeri, and L. seeligeri have
been commonly recovered together with L. monocytogenes in food
processing plant environments (Fortes et al., 2013; Keeratipibul &
Techaruwichit, 2012; Muller, Schmid, Meyer, & Meussdoerffer,
2010). It is necessary to control both Listeria spp. and
L. monocytogenes in food processing plant environments in order to
reduce an incidence of finished product contamination. Our study
found that both L. innocua and L. monocytogenes could be recovered
from the same processing department (i.e., shrimp tempura pro-
cessing), suggesting common favorable conditions that may allow
for survival and persistence of other Listeria spp. together with the
pathogenic L. monocytogenes in the same given environments. Our
study showed that Listeria spp. or L. monocytogenes were mostly
recovered from FCS samples, effective monitoring programs for
Listeria spp. and L. monocytogenes are thus necessary for seafood
processing plants. Effective monitoring will allow for further
development of Listeria control programs, including sanitation
plans in order to minimize cross-contamination in finished
products.

4.2. The 3M molecular detection assay Listeria yields results that
were comparable to those obtained by the FDA-BAM method on
environmental samples

Our study showed that the 3M MDA Listeria revealed high
sensitivity, specificity, and accuracy for the detection of Listeria spp.
in environmental samples. Overall, the 3M MDA Listeria yielded
results that were comparable to those obtained by the standard
FDA-BAM method. Some samples tested positive by the 3M MDA
Listeria only. This was likely due to the presence at low levels of
possibly injured and stressed Listeria spp. Enrichment of these
injured and stressed cells of Listeria spp. may require up to 48 h or
even beyond 2 days to detect positive results by the traditional
culture-based method (Warburton et al., 1991, 1992). Seven sam-
ples tested positive by the FDA-BAMmethod only (after 26e48 h of
enrichment). However, the 3M mLRB enrichment of these samples
were confirmed by culture-based isolation and found negative by
this isolation method, suggesting a true negative result obtained by
the 3M MDA Listeria. The matrix controls were not inhibited by
these sample lysates, suggesting that the performance of the re-
agents of the 3M MDA Listeria was not affected by components
present in these environmental samples. Overall, in this study, the
sensitivity of the 3M MDA Listeria was not found to be affected by
various components of environmental samples as found in a pre-
vious study for LAMP assays (Kaneko, Kawana, Fukushima, &
Suzutani, 2007).

The traditional culture-based method requires several pro-
cedures for sample analysis and result confirmation. For the
detection of Listeria spp., the culture-based method requires a
plating step onto selective and differential media. The incubation
step after plating requires up to 48 h, followed by a confirmation of
presumptive colonies or biochemical tests (FDA, 2011). While both
the standard FDA-BAM and the 3M MDA Listeria methods require
enrichment step, the enrichment step for the 3M MDA is only 26 h
as compared to up to 48 h in selective media for Listeria spp.
detection by the standard method. For the 3M MDA Listeria
method, enriched samples are used in the lysis steps for isothermal
amplification to be measured by the Molecular Detection System.
The Molecular Detection System can yield rapid results (within
75 min) as compared to the traditional culture-based method. The
lysis and detection steps can be performed with a large set of
environmental samples which is less time-consuming as compared
to the traditional method. Overall, high-throughput screening of
samples can be achieved by the 3MMDA Listeria and the Molecular
Detection System.

5. Conclusions

Our study shows that Listeria spp. arewidely distributed on both
food contact surfaces and non-food contact surfaces, and that
L. monocytogenes and L. innocua are common species found in the
seafood processing plant environments. The 3M MDA Listeria is a
powerful method for rapid detection andmonitoring of Listeria spp.
in food processing plant environments. Data suggest that the 3M
MDA Listeria yields comparable detection results to those obtained
by the cultural-based method with environmental samples.
Detection of Listeria spp. after enrichment using the 3M MDS
method is simple to perform and less labor intensive as compared
to the routine traditional culture-based method, suggesting an
operating alternative for high-throughput screening of Listeria in
environmental samples for the food industry. Moreover, the assay is
able to detect various species of Listeria, and was not inhibited by
various components of environmental samples, with results that
could be generated in less than 75 min (after enrichment).
Molecular-based detection methods have increasingly gained more
interest among the food industries for pathogen detection in foods
and environmental samples. However, further studies can be per-
formed to include environmental samples from different process-
ing departments of the seafood facilities as well as other facilities
manufacturing different food products. Other Listeria spp. that are
likely to be present in food processing plant environments can also
be spiked into food samples to investigate the performance of the
3M MDA Listeria. Overall, monitoring of Listeria spp. in food pro-
cessing plant environments is considerably important in order to
obtain valuable data for further development of effective control
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measures to reduce occurrence of Listeria spp., including L. mono-
cytogenes in foods before distribution to retail establishments.
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