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Molecular typing of bacteria has been widely used in epidemiological studies but not as extensively for
tracing the transmission of pathogenic bacteria in food plants. This study was conducted to examine the
potential use of two molecular typing methods, random amplified polymorphic DNA (RAPD) analysis and
pulsed-field gel electrophoresis (PFGE), to trace Listeria monocytogenes contamination in a shrimp processing
plant. Ribotyping and phage typing were also performed on a select number of strains. One hundred fifteen
strains of L. monocytogenes collected in different areas of a shrimp processing plant were first serotyped and
then subtyped by molecular typing. RAPD and PFGE showed great promise for typing L. monocytogenes isolates
since distinguishable and reproducible DNA polymorphisms were obtained. When the composite profile from
both (RAPD and PFGE) methods was generated, there was an increase in the discriminatory power to discern
differences between strains of L. monocytogenes. The results indicated that environmental strains all fell into
composite profile groupings unique to the environment, while strains from both water and utensils shared
another composite profile group. L. monocytogenes fresh shrimp isolates belonging to one profile group were
found in different areas of the processing line. This same profile group was also present in food handlers from
the processing and packaging areas of the plant.

The importance of seafood in the spread of food-borne
pathogens is well known (23); however, until the last few years,
little attention has been paid to the role of seafood in dissem-
inating Listeria monocytogenes. Two food-borne listeriosis out-
breaks have been linked to the consumption of seafood (13,
21), and in three sporadic cases of listeriosis, the microorgan-
ism was identified as the causative agent. L. monocytogenes and
other Listeria species have been isolated from different types of
raw or processed seafood (7), but the main source of contam-
ination is unknown. For this reason, it is important to monitor
the potential sources of this pathogen in food processing plants
to minimize product contamination.
Learning about the ecology and epidemiology of Listeria

spp. can help to identify potential sources of contamination
and to trace the spread of L. monocytogenes in food plants.
However, traditional typing systems like biotyping and sero-
typing provide little information for epidemiological purposes
(10). Phage typing is more sensitive (19), but not all Listeria
isolates are typeable, and only few laboratories can perform
phage typing routinely. Among human Brazilian isolates of L.
monocytogenes examined over a 17-year period, only 52% were
phage typeable (22). Multilocus enzyme electrophoresis (1),
DNA restriction enzyme analysis (30), and plasmid profile
analysis (9) have also been evaluated. Comparing the electro-
phoretic mobilities of 16 enzymes allowed the clustering of
clinical and food isolates of L. monocytogenes into two major
electrophoretic typing groups (1). Some clinical and food
strains from food-borne outbreaks of listeriosis were also com-
pared by restriction endonuclease analysis, showing that iso-
lates from each of the outbreaks exhibited a characteristic
restriction pattern not shared with other strains (30). Plasmid

profile analysis could provide useful epidemiological informa-
tion, but plasmid carriage by L. monocytogenes appears to be
low (16), limiting the usefulness of plasmid typing for this
organism.
Random amplified polymorphic DNA (RAPD) analysis and

pulsed-field gel electrophoresis (PFGE) are two genotypic
DNA typing methods that have been used successfully to char-
acterize various microorganisms (11, 17, 23, 31–33), in addition
to L. monocytogenes (2, 4, 8, 12, 13, 18, 20, 24). RAPD employs
PCR to amplify genomic DNA segments with single primers of
arbitrary nucleotide sequence (31). The amplified products are
resolved by electrophoresis, and DNA polymorphisms are de-
tected. By use of PFGE, large fragments (up to 2,000 kb) are
generated by digesting DNA with low-frequency cutting re-
striction enzymes. These large fragments of genomic DNA can
be resolved because of the repeated changes in the electric
field orientation. Both methods, either alone or combined with
other typing methods, have shown good discriminatory power,
are easy to interpret, and have permitted subtyping of L.
monocytogenes strains.
These methods have been used in epidemiologic studies (2,

12, 24) for strain comparisons (3, 4, 8, 13, 14, 16, 20–22). The
present study was conducted to examine the potential use of
RAPD and PFGE to trace L. monocytogenes contamination in
a shrimp processing plant.

MATERIALS AND METHODS
Bacterial strains. The 115 L. monocytogenes strains used in this study are listed

in Table 1. All were derived from samples collected in a shrimp processing plant
in Santos, SP, Brazil, over a 5-month period (May to September 1993). Shrimp
samples were collected as described by Warburton et al. (28). Environmental
(nonproduct contact site) samples and utensils (direct product contact surfaces)
were collected either by the swab or sponge contact method (27). Water and ice
samples were assembled in sterile flasks (500-ml portions or equivalent) and
neutralized with chlorine. Samples from food handlers were obtained by washing
one hand of each employee with 0.85% saline in a sterile plastic bag. Samples
were transported to the lab in insulated boxes and analyzed within 24 h, as
described by Warburton et al. (28). Of the 115 L. monocytogenes strains used in
this study, 25 were isolated from the environment (floors, walls, and pipes, etc.),
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9 were isolated from water, 15 were isolated from utensils (knives, trays, and
tables, etc.), 7 were isolated from shrimp handlers, and 59 were isolated from
shrimp.
All strains were serotyped with Listeria O antisera types 1 and 4 (Difco) as

described in the manufacturer’s instructions. Selected strains were further sero-
typed by the Central Public Health Laboratory, Colindale, United Kingdom, by
the method of Seeliger and Hohne (26).
Molecular typing. (i) RAPD. The Listeria strains were plated onto tryptose

agar plates and grown at 308C for 24 h. A single colony was transferred to
Trypticase soy broth containing 0.6% yeast extract (TSB-YE) and grown over-
night at 378C. The cells were pelleted, resuspended in 1 ml of saline (0.85%
[wt/vol] NaCl), and transferred to sterile 1.5-ml Eppendorf tubes. The cell sus-
pension was centrifuged for 5 min at 16,250 3 g, the supernatant was removed,
and the pellet was resuspended in 500 ml of sterile distilled water. Suspensions
were diluted with water to an A600 of 1.8. The latter suspension, containing
approximately 107 cells per ml, was used in the amplification reaction.
PCR mixtures contained 10 mM Tris HCl (pH 9.0), 50 mM KCl, 0.1% Triton

X-100 (Promega, Madison, Wis.), 3 mM MgCl2 (Promega), 0.001% gelatin
(Sigma Chemical Co., St. Louis, Mo.), 200 mM each deoxynucleoside triphos-
phate (Pharmacia, Uppsala, Sweden), and 1 mM random primer (UBC 155
[59-CTG GCG GCT G-39] and UBC 127 [59-ATC TGG CAG C-39]; University
of British Columbia, Vancouver, British Columbia, Canada). The mixture was
UV treated for 20 min and aliquoted before primer and cells (1 ml) were added.
A negative control in which cells were replaced with 1 ml of sterile distilled water
as well as a positive control in which cells were replaced with 1 ml of isolated
Listeria DNA was included. The Eppendorf tubes were heated in a DNA Ther-
mocycler GeneAmp PCR System (The Perkin-Elmer Corp., Norwalk, Conn.) at
968C for 6 min, and then 0.83 U of Taq polymerase (Promega) was added.
Reaction mixes were cycled through the following temperature profile: 1 cycle of
948C for 2 min; 35 cycles of 948C for 1 min, 358C for 1 min, and 728C for 1.5 min
(the ramp time between 72 and 948C was 2 min); and then 1 cycle at 728C for 5
min. Samples were held at 48C until application to the gels.
The amplified products were resolved by electrophoresis on 1.5% agarose gels

in TBE buffer (89 mM Tris base, 89 mM boric acid, 2 mM EDTA [pH 8.4];
Boehringer Mannheim Biochemicals, Indianapolis, Ind.) containing 0.5 mg of
ethidium bromide per ml (6). The gels were photographed under UV transillu-
mination, and a 123-bp marker (Gibco BRL, Gaithersburg, Md.) was included as
a molecular weight standard. Banding profiles were determined and arbitrarily
numbered, and molecular weights were estimated by use of the DNA Tool Kit
program (RamSoft, Hull, Quebec, Canada). The program DNASTAR was used
to generate the schematic representation of the gels.

Each strain was tested at least four times with each of the primers, with the
repetitions being carried out with cells grown and harvested on different days.
(ii) PFGE. The Listeria strains were streaked onto tryptose agar plates and

grown at 308C for 24 h. One colony was transferred to TSB-YE and grown
overnight at 378C. A 100-ml aliquot was spread onto a tryptose agar plate, which
was incubated at 308C for 18 to 24 h. Growth was harvested with 1 ml of TE
buffer (10 mM Tris HCl [Boehringer Mannheim] and 1.0 mM EDTA [Sigma; pH
8.0]), and 200 ml of this suspension was mixed with 800 ml of 1% low-melting-
point agarose (Bethesda Research Laboratories, Gaithersburg, Md.) in TE
buffer. Approximately 100 ml of this mixture was dispensed into plug molds.
Agarose plugs were incubated in a lysis solution containing 0.25 M EDTA [pH
8.0], 0.5% N-laurosylsarcosine (Sigma), and 0.5 mg of proteinase K (Boehringer
Mannheim) per ml for 24 to 48 h at 508C. After deproteinization, the plugs were
stored at 48C in the same solution. After inactivation of proteinase K with 1 mM
phenylmethylsulfonyl fluoride (Gibco BRL) in TE buffer, the plugs were rinsed
in TE buffer and then digested with 50 U of ApaI and SmaI (Boehringer
Mannheim) in 100 ml of the respective buffer and at the temperature recom-
mended by the manufacturer.
The high-molecular-weight restriction fragments generated were resolved with

a CHEF-DRII pulsed-field electrophoresis system (Bio-Rad, Hercules, Calif.) in
1% agarose gel in TBE buffer (45.0 mM Tris base, 45.0 mM boric acid, 1 mM
EDTA [pH 8.4; Boehringer Mannheim]). The initial and final pulse times,
respectively, were 5.0 and 40.0 s for ApaI and 1.5 and 18.0 s for SmaI. The
migration period was 21 h at 200 V, with the buffer being kept at 128C. At the end
of the run, the gels were immersed for 1 h in a 1-mg/ml ethidium bromide
solution and then destained for 3 h. The gels were photographed under UV
transillumination, with the Marker I l ladder (Boehringer Mannheim) being
used as a molecular weight standard. As for RAPD, banding profiles for PFGE
were determined and arbitrarily numbered, and molecular weights were esti-
mated with the DNA Tool Kit (RamSoft). Each strain was tested at least four
times with each enzyme.

RESULTS

RAPD. The 115 L. monocytogenes strains were subjected to
RAPD with two random primers (UBC 155 and UBC 127).
Primers 155 and 127 generated 11 and 16 different RAPD
profiles, respectively. Approximately 7 to 17 distinct bands
were observed with UBC primer 155, while UBC 127 produced

TABLE 1. Description of L. monocytogenes strains used for RAPD and PFGE analysis

Strain designationa Isolate information

1, 2, 3, 4 ...................................................................................................................................Floor, receiving platform (E1)
b

5, 6, 7, 8 ...................................................................................................................................Drain, classification area (E3)
9, 10, 11, 12 .............................................................................................................................Drain from washing tank, area 2 (E4), quality control area
13, 14 ........................................................................................................................................Floor, shelling area (E6)
15, 16, 17..................................................................................................................................Door from frozen storage room (E9)
18 ..............................................................................................................................................Walls, from glazing area (E10)
19, 20, 21, 22 ...........................................................................................................................Floor, glazing area (E11)
23, 24, 25c ................................................................................................................................Inside plate freezer (E12)
27, 28 ........................................................................................................................................Shrimp-washing water, from receiving platform tank (W1)
29, 30, 31..................................................................................................................................Shrimp-washing water, from inside plant tank (W2)
32, 33, 34, 35 ...........................................................................................................................Water from glazing tank (W5)
36, 37, 38, 39 ...........................................................................................................................Plastic box from receiving area (U1)
40, 41, 42, 43 ...........................................................................................................................Plastic colander, first classification (U2)
44 ..............................................................................................................................................Table from shelling (U3)
45, 46 ........................................................................................................................................Plastic colander, final classification (U5)
47, 48, 49, 50 ...........................................................................................................................Freezing trays (U6)
51, 52 ........................................................................................................................................Handler from first classification (H1)
53 ..............................................................................................................................................Handler from weighing-glazing (H5)
54, 55, 56, 57 ...........................................................................................................................Handler from packaging (H6)
58 ..............................................................................................................................................Shrimp at receiving platform (S1)
59, 60 ........................................................................................................................................Shrimp after washing at receiving platform (S2)
61, 62, 63, 64 ...........................................................................................................................Shrimp after first washing inside plant (S3)
65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 80, 81......................................................Shrimp after first classification (S4)
82 to 91 ....................................................................................................................................Shrimp after shelling (S5)
92 to 100 ..................................................................................................................................Shrimp after deveining (S6)
101 to 111 ................................................................................................................................Shrimp before final classification (S7)
78, 79, 112 to 116....................................................................................................................Shrimp after packaging (S8)
a The multiple isolates listed were from multiple samples. Underlined numbers indicate serogroup 4 strains.
b The designation in parentheses is the location designation, with the subscript number representing the banding profile described in Fig. 1.
c Number 26 was omitted when numbering strains.
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a slightly higher number of bands (8 to 17), although some of
them were very faint. The bands ranged in size from 246 to
1,845 bp for UBC 155 and from 246 to 3,296 bp for UBC 127
(results not shown).
The use of whole bacterial cells as a template for amplifica-

tion gave very reproducible banding patterns. Running a pos-
itive control containing previously extracted DNA proved to be
effective, while no amplification products were detected with
the negative control (distilled water).
It is interesting to note that all 11 profiles generated by

primer UBC 155 demonstrated bands of 705 and 861 bp (Fig.
1), while primer 127 did not generate any common bands. Four
profiles were obtained with the 13 strains of serogroup 4 when
primer UBC 155 was used, and nine profiles were obtained
with the 102 strains of serogroup 1. Two and seven unique
profiles were obtained among serogroup 4 and serogroup 1
strains, respectively (Table 2). Profiles 3 and 11 were shared by
strains of both serogroups.
Primer UBC 127 generated 5 profiles with the serogroup 4

strains and 12 profiles with the serogroup 1 strains. Four
unique profiles were obtained with the serogroup 4 strains,
while the strains of serogroup 1 fell into 11 unique profiles
(Table 2). Profile 15 was common to both serogroups 1 and 4.
Profiles 2 and 3 were very similar, with the latter not demon-
strating the two bands of 537 and 1,290 bp.
Strains 1 and 2 appear to be very closely related genetically,

both yielding a unique pattern with the two primers which was
entirely different from that of the other strains. The same can
also be inferred with strains 3 and 4, with strains 65, 66, 69, 70,
71, and 72, and with strains 73, 75, and 76. Even though strains
73, 75, and 76 gave identical banding patterns by RAPD typing,
they belonged to different serogroups (Table 2). Other strains
which gave identical RAPD patterns with both primers were
the following: 5 to 25; 27 and 28; 30 to 35, 38, 39, 42, 43, and
47 to 50; 36, 37, 40, 41, and 44; 45 and 46; 51 to 58, 63, and 77
to 98; 59 and 60; 61 and 62; 67 and 68; and 99 to 116 (Table 2).
Strains 29 and 64 gave identical banding patterns with primer
UBC 155 but different profiles with primer UBC 127. Strain 74
displayed the same banding profile as strains 73, 75, and 76
with primer UBC 155 but a different one with primer UBC 127.
PFGE. Visual comparison of macrorestriction patterns re-

vealed 13 distinct SmaI restriction endonuclease digestion pro-

files (REDP) (Fig. 2) and 15 ApaI REDP for the 115 strains
tested. When the DNA was digested with SmaI, the number of
bands ranged from 16 to 25 and band sizes ranged from 18.2 to
339.5 kb. The most frequent REDP was number 5, with 62 of

FIG. 1. Schematic representation of the 11 banding profiles of the L. monocytogenes isolates, obtained by RAPD with primer UBC 155.

TABLE 2. L. monocytogenes strain designations and RAPD and
PFGE banding profiles

Strain no. Serogroup
(serotype)

Banding profile designation
Composite
profileaRAPD PFGE

UBC155 UBC127 ApaI SmaI

1, 2 4 (4b) 1 1 1 1 A
3, 4 4 (4b) 2 2 2 1 B
5 to 17, 19 to 25 1 3 3 3 2 C
18 1 3 3 4 3 D
36, 37 1 3 7 6 6 E
40, 41, 44 1 3 7 12 6 F
65, 66, 69, 70, 71 4 (4b) 3 13 6 11 G
72
29 1 5 5 3 5 H
30 to 35, 38, 39 1 6 6 3 5 I
43, 47 to 50
99 to 116 1 8 6 3 5 J
51, 52, 54 to 58 1 8 9 3 5 K
63, 77 to 86
53 1 8 9 9 5 L
87 to 94, 96 to 98 1 8 9 15 5 M
95 1 8 9 15 13 N
27, 28 1 4 4 5 4 O
64 1 5 12 11 10 P
42 1 6 6 7 7 Q
45, 46 1 7 8 8 8 R
67, 68 1 10 14 8 8 S
59, 60 1 7 10 8 9 T
61, 62 1 9 11 10 9 U
73, 75 4 (4b) 11 15 13 12 V
76 1 11 15 14 12 W
74 4 (4b) 11 16 13 12 X

a Each different set of banding profiles for both RAPD and PFGE was given
an arbitrary number. The composite profile reflects the total differences or
similarities in the banding patterns with the two RAPD primers and two PFGE
enzymes.
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the 115 strains belonging to it. The 13 strains of serogroup 4
displayed three REDP, two of them unique and one common
to a serogroup 1 strain (Table 2). REDP 2 and 3 were very
similar, both consisting of 20 SmaI restriction fragments, 18 of
them identical for both. ApaI-digested DNA generated REDP
with a slightly lower number of bands (11 to 17) and band sizes
ranging from 20 to 557.2 kb. Strains of serogroup 4 showed
four unique REDP. The most common profile was REDP 3,
comprising 70 of the 115 strains tested (Table 2).
A number of strains gave identical banding profiles with

both enzymes, e.g., strains 1 and 2, strains 3 and 4, strains 5 to
17 and 19 to 25, strains 65, 66, and 69 to 72, and strains 73, 74,
and 75. Of the isolates tested, strains 18, 42, and 64 each
showed a unique REDP. Strain 53 fell into the most frequent
SmaI REDP but showed a unique REDP when digested with
ApaI. Strain 76 (serotype 1) had a SmaI REDP similar to that
of strains of serogroup 4 but had a unique ApaI REDP (Table
2). Strain 95 had an ApaI restriction pattern identical to those
of strains 87 to 98 but a unique SmaI restriction pattern.
After composite profiling (Table 2), the 115 strains of L.

monocytogenes were divided into 24 groups. The 13 serotype 4b
strains were divided into five groups (A, B, G, V, and X), with
group G being the most common. Serotype 1/2a and 1/2b
strains fell into five groups each, O, R, S, T, and U and C, F,
I, J, and K, respectively (data not shown). The most frequently
occurring composite profiles were C, J, and K, with 20, 18, and
18 strains belonging to each, respectively.
The shrimp processing plant was artificially divided into four

distinct areas (Table 3) to facilitate comparisons among the
different composite profile groups present. The four areas are
designated as follows: area 1, receiving; area 2, washing; area 3,
processing; and area 4, finished product. Table 4 shows the
different composite profiles present in each area by sample
type.

DISCUSSION

In this study, molecular typing was used as a tool to map the
distribution of L. monocytogenes in a shrimp processing plant.
RAPD and PFGE showed great promise in this regard for
typing L. monocytogenes isolates, with distinguishable and re-
producible DNA polymorphisms being obtained with both
methods. The RAPD protocol using whole bacterial cells is

simpler and faster than the one employing extracted DNA.
However, when RAPD is used with whole bacterial cells, strict
attention must be paid to the Taq polymerase concentration. In
a previous study using extracted DNA as a template, Farber
and Addison (8) obtained reproducible results when 0.5 U of
Promega Taq polymerase (per reaction) was used. In the
present study, reproducible results were obtained after increas-
ing the Promega Taq polymerase concentration to 0.83 U per
reaction.
Studies report the use of either RAPD (5, 8, 13, 14, 16, 18,

21) or PFGE (2, 3, 4, 12, 20, 22, 24) for typing L. monocyto-
genes. It can be noted that the number of profiles reported by
different groups of researchers is extremely variable. Varia-
tions in primer sequences, source of reagents, equipment, and
PCR programs for RAPD, choice of restriction enzymes, and
geometry of the electric field as well as switching patterns
during PFGE can be the cause of some of these variations. In
addition, the lack of standardized criteria for evaluating the
results makes the comparisons even more difficult.
Generally, the number of RAPD profiles obtained in our

study was lower than those reported elsewhere (8, 13, 14, 18,
21). However, the number of restriction patterns observed with
PFGE corroborates previous findings (2, 4, 22), except for the
results reported by Brosch et al. (3), who found 72 and 63
unique profiles, using the enzymes ApaI and AscI, respectively,
among 176 L. monocytogenes strains analyzed.
The use of both genotypic methods (RAPD and PFGE) for

typing L. monocytogenes has not been reported. The combined
profile generated when the two RAPD primers and the two
PFGE enzymes were used increased the discriminatory ability
to detect differences among strains of L. monocytogenes within
serogroups. It was observed that there was some overlap
among serogroups when only RAPD profiles were considered
(Table 2). Finding similar RAPD profiles among strains from
different serogroups has been reported previously (8, 13, 14,
21). However, when the composite RAPD-PFGE profile was
generated, no overlap existed.
Within the four artificially divided areas of the shrimp pro-

cessing plant (Table 3), only one of the five types of samples
collected in one area belonged to the same profile group. On
the other hand, the same sample type collected in different
plant areas shared the same group profile. For example, profile

FIG. 2. Schematic representation of the 13 profiles obtained after cleavage of genomic DNA of the L. monocytogenes isolates with SmaI.

708 DESTRO ET AL. APPL. ENVIRON. MICROBIOL.



group C was found only in environmental samples from areas
2, 3, and 4 (strains 5 to 17 and 19 to 25). Therefore, it appears
that composite profile C is part of the naturally occurring
microflora occurring inside the plant, while group A (strains 1
and 2) and B (strains 3 and 4) are being introduced from

outside the plant and remain restricted to the receiving area
(area 1).
Although the water used in the plant was chlorinated and L.

monocytogenes could not be isolated from samples collected
from the main reservoir (data not shown), the microorganism

TABLE 3. Shrimp processing plant flow chart, sampling points, and composite profile groups found at the various locations in the shrimp
processing plant

No. and type of area Process flow chart
Area or type
of sample
collecteda

Composite profile groups
found at the various locations

1—Receiving area Reception S1, E1 A, B
2

Washing W1 O
2 S2 T

Selection
2 U1 E, I

Weighing

2—Washing area 2 C, H, I, P, U
Washing W2, E2
2 S3, E4

3—Processing area Classification U2, H1, E3 C, F, G, K, Q, S, V, X
2 S4, E5 W

Shelling U3, H2 C, F, M
2 S5, E6

Deveining W3, U4, H3, E7 J, M, N
2 S6, E8

Washing W4 J
2 S7

Classification U5, H4 R
2

Freezing (plate freezer) U6, E12 C

4—Finished product area 2
Weighing H5 L
2

Glazing W5, U7, E10 D, I
2 E11 C

Packaging H6 K
2 S8 J

Storage E9 C

a See Table 1 for a more detailed explanation.

TABLE 4. Composite profile groups present in the different areas of a shrimp processing plant

Sample type

Profile group(s) in area no. Incidence of
L. monocytogenes
samples [no.

positive/total no.
of samples (%)]

1—Receiving area 2—Quality control
(washing area) 3—Processing area 4—Finished product area

Environmental A, B (E1)
a Cb (E31E41E61

E91E111E12)
Cb (2)d Cb, D [(2); E10] 14/56 (25)

Water O (W1) H, Ib [W2, (2)] NDc Ib [(2)] 5/21 (23.8)
Utensils E, Ib (U1;

W21W51U1)
F, Q, Ib, R [U21U3; U2;
(2); U5]

ND 8/33 (24.2)

Shrimp Kb, T (H11H61
S1; S2)

U, Kb, P [S3;
(2); S3]

G, S, V, X, W, Kb, M, N,
Jb [G to W3S4; (2);
S51S6; S6; (2)]

Kb, Jb [(2); S6, S7, S8] 31/178 (17.4)

Food handler ND ND Kb [(2)] Kb, L [(2); H5] 5/66 (7.6)

a Designation(s) in parentheses indicates actual location in plant where strain of each profile group was isolated (see Table 1). In some instances, each profile group
found matches up to one (e.g., area 2 for shrimp) or more (area 2, environmental) locations in the plant, while in other cases, two profile groups were found in the
same location, e.g., see area 1, environmental. Otherwise, locations indicated in parentheses correlate with profile groups in respective order.
b Profile group was also found in other areas and/or sample types.
c ND, not detected.
d (2), location of this composite group is described in Table 3.
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was recovered from water used during processing. Group I
strains were present in water collected in areas 2 (strains 30
and 31) and 4 (strains 32 to 35). The same group I strains were
also isolated from plastic boxes taken from outside the plant
(strains 38 and 39) as well as from utensils used in the pro-
cessing area (strains 42, 43, and 47 to 50). The plastic boxes are
used to transport raw shrimp from outside of the plant to the
inside. It appears, therefore, that group I L. monocytogenes
strains were transferred from the boxes to the washing water
when the shrimp was loaded into the washing tank. After the
shrimp were removed from this tank, carryover of water oc-
curred, thus transferring L. monocytogenes to different utensils
in the plant.
Some profile groups were exclusive to water isolates (group

O, strains 27 and 28; group H, strain 29) or to strains isolated
from utensils (group E, strains 36 and 37; group Q, strain 42;
and group R, strains 45 and 46). Group F strains were present
on utensils sampled in two different locations in the processing
area (location U2, strains 40 and 41; location U3, strain 44), i.e.,
a plastic colander and a table.
Some strains isolated from both shrimp and food handlers

shared the same profile group, group K. This group of isolates
was isolated from shrimp in all four areas of the processing
plant (Table 4) as well as from food handlers working in areas
3 (location H1, strains 51 and 52) and 4 (location H6, strains 54
to 57). The presence of group K strains in shrimp samples at
the reception area could be due to natural product contami-
nation or to contamination during storage in the ship. Food
handlers probably got contaminated byL. monocytogenes group K
after manipulating the shrimp. Employees tended to work in
more than one area of the plant, which may explain the pres-
ence of group K strains on workers in both the processing and
finished product areas. However, contrary to what was believed
initially, food handlers did not appear to play a major role in
the dissemination of L. monocytogenes throughout the plant,
and the strains recovered from food handlers other than those
in group K were not isolated from shrimp in the finished
product area.
After being shelled, shrimp contained strains belonging to

both groups K and M (location S5, strains 87 to 91). The latter
strains were also found on shrimp during the next processing
step, i.e., deveining (location S6, strains 92 to 94 and 96 to 98),
but were not detected afterwards. This group may have con-
taminated the shrimp during the shelling or heading opera-
tions, when part of the intestinal contents are released.
Interestingly, only two profile groups (groups J and K) were

found on the frozen finished product even though nine differ-
ent groups, including groups J and K, were isolated from
shrimp in the processing area (area 3). This could imply that
some strains of L. monocytogenes may be better survivors than
others, especially in terms of the organism’s ability to withstand
freezing. In addition, it was extremely interesting that none of
the strains recovered from the environment, water, or utensils
was also recovered from shrimp. This could signify that envi-
ronmental strains may either be poor competitors or do not
survive for long enough time periods in the environment to
come into contact with the shrimp. The number of different
strains of L. monocytogenes recovered from shrimp in the pro-
cessing area (nine) was also remarkable. This contrasts with
the number of strains recovered from other sample types,
which ranged from two to five different strains recovered from
food handlers and utensils, respectively. These differences in
numbers of strains collected from various sample types may
reflect a particular adaption of strains to a particular habitat or
niche.
Since there were many different sources of L. monocytogenes

in the shrimp processing plant, the elimination of L. monocy-
togenes from the frozen finished product would be a difficult, if
not impossible, task, given the current state of plant hygiene.
This is in line with current World Health Organization think-
ing that ‘‘the total elimination of L. monocytogenes from all
food is impractical and may be impossible.’’ Cleaning and
sanitizing steps must be carried out effectively, and strict at-
tention to hygiene must be observed all along the food chain,
from the first few minutes out of the water to the final product,
to avoid introducing L. monocytogenes into the plant and ulti-
mately the product. However, the practical implications of this
study are that both PFGE and RAPD can be used to track L.
monocytogenes establishment and/or contamination in food
processing plants. It is evident that development and use of the
HACCP concept is urgently needed for all processing plants
showing the degree and level of contamination observed in this
study. In this regard, the two genotypic typing methods used in
the current study can substantially aid food processors and
regulators in establishing, controlling, and monitoring critical
control points in the plant environment. This type of approach
will likely become more important in the future as food safety
concerns increase in food processing and distribution systems.
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