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SUMMARY

The objective of this study was to characterize Listeria monocytogenes isolated from farmed
Atlantic salmon (Salmo salar) and the processing environment in three different Norwegian
factories, and compare these to clinical isolates by multiple-locus variable-number tandem repeat
analysis (MLVA). The 65 L. monocytogenes isolates obtained gave 15 distinct MLVA profiles.
There was great heterogeneity in the distribution of MLVA profiles in factories and within each
factory. Nine of the 15 MLVA profiles found in the fish-associated isolates were found to
match human profiles. The MLVA profile 07-07-09-10-06 was the most common strain in
Norwegian listeriosis patients. L. monocytogenes with this profile has previously been associated
with at least two known listeriosis outbreaks in Norway, neither determined to be due to fish
consumption. However, since this profile was also found in fish and in the processing
environment, fish should be considered as a possible food vehicle during sporadic cases and

outbreaks of listeriosis.
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INTRODUCTION

Listeria monocytogenes has been recognized as an
important pathogen during the last decades, causing
the disease known as listeriosis in animals and hu-
mans [1-3]. Several epidemiological investigations
have shown that listeriosis may result from the con-
sumption of contaminated food [4]. Listeriosis is
typically associated with high-risk groups, such as
individuals with an impaired immune system,
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including pregnant women, newborns, the elderly,
injecting drug users and HIV patients [5, 6]. Infections
by L. monocytogenes in humans and animals are
mainly associated with septicaemia, meningitis,
encephalitis and abortion [7].

In connection with outbreaks caused by L. mono-
cytogenes it is necessary to use a method that can
identify strains and facilitate the search for the source
of infections. Several molecular methods have been
applied for typing L. monocytogenes, such as sero-
typing, restriction enzyme analysis (REA), ribotyp-
ing, pulsed-field gel electrophoresis (PFGE) and
amplified fragment length polymorphism (AFLP) [8].
MLVA typing has been an emerging method in recent
years and is considered as a robust, reliable and
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discriminatory tool for genotyping bacterial isolates
aiding outbreak investigations [9, 10]. This method
has been used for typing several pathogenic organisms
such as Salmonella enterica Typhimurium [11-13],
Bacillus anthracis [14], Clostridium perfringens [15]
and Escherichia coli [16, 17].

Murphy et al. [18] were the first to apply the MLVA
method to type L. monocytogenes. These authors
examined 25 isolates of L. monocytogenes from sliced
vacuum-smoked salmon and 20 non-salmon retail
products from Ireland. They found the MLVA tech-
nique was able to discriminate between isolates from
smoked salmon and non-salmon samples, indicating
different sources of contamination of the products.

In a comparative study of 79 Norwegian and
61 Swedish L. monocytogenes isolates, Lindstedt et al.
[8] found 28 MLVA and 24 PFGE profiles in
the Norwegian isolates, and 42 MLVA and 43 PFGE
profiles in the Swedish isolates. Thus there appears
to be a difference in the discriminatory power between
sample sets. However, the speed of the method and
labour demand support using the MLVA method
compared to PFGE as was shown by Sperry et al. [19].

In the present study, the MLVA method was ap-
plied for genotyping L. monocytogenes, to examine
the distribution of strains in different fish-processing
factories in Norway, and to compare the isolates
from these factories with isolates from listeriosis
patient.

MATERIALS AND METHODS
Bacterial strains and DNA extraction

Three fish-processing factories designated A, B, and
C, located in different areas of Norway, were exam-
ined for the presence of L. monocytogenes during five
visits over a 6-month period in 2007. A total of
65 L. monocytogenes isolates were found and subse-
quently genotyped by MLVA. Of these, 23 isolates
were obtained from fish samples and 42 isolates were
from environmental samples. All isolates were kept in
Microbank vials at —80 °C and resuscitated on blood
agar (TSS) (trypticase soy agar with 5% sheep blood;
bioMérieux, France). Genomic DNA in samples
was extracted using the BioRobot EZI1 (Qiagen,
Germany) instrument. The EZ1 DNA Tissue kit
(Qiagen) was used for DNA extraction and purifi-
cation based on cell lysis and immunomagnetic
separation by paramagnetic monodisperse latex ac-
cording to the manufacturer’s instructions.
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Variable number tandem repeat (VNTR) loci and
primer sequence

Five VNTR loci were identified on the genome of
the two fully sequenced L. monocytogenes strains
(EGDe serotype 1/2a, Genbank accession no.:
NC_003210; and F2365 serotype 4b, Genbank ac-
cession no.: NC_002973) [8]. The five primer sets
for PCR amplification, VNTR loci (LMV1, LMV2,
LMV6, LMV7, LMV9) were chosen as described by
Lindstedt et al. [8]. The forward primer of each set
was labelled at its 5" end with a fluorescent dye in-
cluding hexachlorofluorescein (HEX), carboxyfluor-
escein (6-FAM), and tetrachlorofluorescein (TET)
[20]. The length of repeat units for the five loci ranged
from 6 to 15 base pairs (bp).

Multiplex PCR reactions

The PCR reactions were performed in a Gene Amp
PCR System 9700 thermocycler using the Qiagen
Multiplex PCR kit from Applied Biosystems (USA).
The primers were multiplexed in two separate reac-
tions (R1 and R2) in a total of 50 ul according to
the manufacturer’s instructions. The R1 reaction
contained 1 ul (10 um) each of LMV2 and LMV6
primers. The R2 reaction contained 1 ul (10 um) each
of primers LMVI1, LMV7, and LMV9. The reaction
mixture was prepared for amplification of template
DNA in one sample. A volume of 2 ul extracted tem-
plate DNA was added to the individual PCR tubes
containing 48 ul reaction mix to a total of 50 ul. The
mixture was then mixed gently. The PCR tubes were
placed in individual thermocyclers for both reactions.
The PCR program started with an initial heat step at
95 °C for 15min to activate the DNA polymerase.
PCR reactions were run under the following condi-
tions: 30 cycles at 94 °C for 30 s for denaturation, R1
at 60 °C and R2 at 63 °C for 90 s for annealing, and at
72 °C for 90 s for extension, with a final extension step
at 72 °C for 10 min [8].

Sample pooling and capillary electrophoresis

The two PCR multiplexed solutions were mixed prior
to the electrophoretic analysis which provides a flu-
orescent signal from each amplicon. The products
from R1 and R2 solutions were pooled into a single
tube as follows: 10 ul R2 was added to 50 ul R1 in
a single tube and mixed gently. From this pooled
solution, 1-5ul was added to 12 ul of Formamid
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Fig. 1. Multicolour capillary electrophoresis-based variable number tandem repeat (VNTR) of L. monocytogenes isolates.
Blue, black and green peaks represent different VNTR loci and red peaks represent the internal size standard.

(Applied Biosystems) and 2ul of GeneFlo-625
TAMRA (CHIMERx, USA) internal size standard.
The run sample was denatured for 3 min at 94 °C and
cooled to room temperature before being loaded onto
the capillary sequencer. Amplicons were separated by
capillary electrophoresis on an ABI PRISM 310
Genetic Analyzer (Applied Biosystems). The capillary
electrophoresis was run at 60 °C for 35 min per sam-
ple using a 47 cm capillary filled with performance-
optimized polymer 4 (POP4), 10 x Genetic Analyzer
buffer with EDTA, with an injection voltage of 15 kV
for 5s and a running voltage of 15kV. Data were
collected and the sizes of PCR amplicons were deter-
mined by the software. Each peak was identified ac-
cording to colour and size and was binned into alleles
so that each new multiple of repeat was assigned to a
distinct allele number.

Data analysis

A typical electropherogram is shown in Figure 1.
Each peak represents a PCR product and was equi-
valent to a band obtained by agarose gel electro-
phoresis. Loci LMV2 and LM V6 labelled with the dye
6-FAM were depicted as blue peaks, loci LMV1 and
LMV9 labelled with the dye HEX were depicted by
black, and locus LM V7 labelled with the dye TET was
depicted as green. Thus, blue, black and green peaks
represented different VNTR loci. The DNA size
standard labelled with the dye TAMRA was depicted
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in red which presented the internal size standard and
each standard size was 25 bp in length. Sizes were
automatically recorded using GeneScan software.
The MLVA pattern of each sample varied depending
on the number of tandem repeats at ecach VNTR
locus in the isolate under study and gave its own
distinct fingerprint. Variation in size according to
multiples of the repeat was interpreted as separate
alleles.

The MLVA profile was presented in the order of the
allele string as follows: LMV6-LMVI-LMV2-LMV7-
LMVO. This allele string of five numbers identified the
bacterial isolate [12]. As an example, isolate IBRO1
obtained in factory A was defined by the string 07-07-
09-10-06, indicating that it had allele number 07
(245 bp) at locus LM V6, allele number 07 (384 bp) at
locus LMVI, allele number 09 (427 bp) at locus
LMV2, allele number 10 (475 bp) at locus LMV7, and
allele number 06 (501 bp) at locus LMVO. The allele
numbers were then entered into a BioNumerics
version 4.5 (Applied Maths, Belgium) database as
character values, and a dendrogram was constructed
using categorical coefficients and the Ward algorithm.
The minimum spanning tree (MST) was also con-
structed. Based on the dendrogram, pattern simi-
larities were easily visualized and matching profiles
were also rapidly identified. Furthermore, under the
same running conditions, the MLVA profiles can
rapidly be shared electronically between laboratories
by email [20].
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Table 1. Characteristics of selected variable number tandem repeat loci

Repeat Copy Size range of amplicon No. of Percentage of Polymorphism
Locus length number (bp) (min—max) alleles* missing amplicons index (D)
LMV1 6 183 366409 06 1-5 (1/65) 0-72
LMV2 9 209 382-573 07 0 0-79
LMV6 15 4-4 214-276 05 0 0-65
LMV7 9 146 448-538 06 0 0-58
LMV9 9 7-8 501-530 02 0 0-034

* Not including the unamplifiable allele at the LMV locus.

t Simpson diversity index (DI)=1— ) (allele frequency)®.

RESULTS
Characteristics of selected VNTR loci

The results from MLVA typing showed that all loci
varied greatly in their degree of polymorphism from
the LMV2 locus with seven different alleles to the
LMV locus with two alleles. The LMV2 locus was
highly polymorphic whereas the LMV9 locus was
less so. Generally, all loci were presented in the 65
L. monocytogenes isolates with no missing amplicons
in the four loci LMV2, LMV6, LMV7, and LMV9.
For the LMV locus some amplicons were missing.
Simpson diversity index (DI) was calculated based on
the formula:

DI=1— Z(allele frequency)®.

This factor was used to evaluate the discriminatory
power of subtyping methods as described previously
[21]. In this study, the genetic diversity estimated for
five variable tandem repeat loci varied greatly, rang-
ing from 0034 to 0-79 (Table 1). The highest DI (0-79)
was found at the LMV2 locus with the distribution
of seven alleles, whereas the lowest DI (0-034) was
found at the LMV9 locus with the distribution of two
alleles. The remaining showed variable values ranging
from 0-58 to 0-72, of which the DI value 0-58 was
found at the LMV7 locus, 0-65 at the LMV6 locus,
and 0-72 at the LMVI locus with one missing PCR
amplicon as stated above. The studies of Lindstedt ez
al. [12, 13] have shown that the high polymorphism in
allele distribution at each locus in a set of five loci
results in a high degree of strain discriminative geno-

typing.

Distribution of L. monocytogenes strains in the
fish-processing factories

A total of 15 distinct MLVA profiles identified the 65
L. monocytogenes isolates from the fish-processing
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factories. In general, the profile heterogeneity between
factories and within each factory was large. Seven
different profiles were found in isolates from factory
A, seven other profiles in factory B, and two other
profiles in factory C. There was only one profile
(08-08-16-19-06) found in both factories A and B. The
MLVA profile distribution from the fish-processing
factories is shown in Table 2.

The MLVA typing revealed high variety of profiles
in factory A, where a total of 40 isolates were char-
acterized by seven different MLVA profiles. The most
common profiles were 07-07-09-10-06 (37-5 %), 05-08-
14-10-06 (27-5%) and 06-08-15-10-06 (17-5%). In
factory B, 19 isolates were identified by seven distinct
MLVA profiles. The profile with the highest fre-
quency was 06-10-04-16-06. This profile accounted for
52-6 %, indicating that it was the predominant strain
in factory B. This profile was found frequently at
various environmental sites such as run-off water,
cooling water, conveyor belts and floors. In factory C,
six isolates revealed two distinct MLVA profiles. The
profile 06-09-04-10-06 was the most common, and
accounted for 83-3%, whereas 06-00-14-10-06 only
accounted for 16:7%. The strains defined by 06-09-
04-10-06 were found on raw fish, in swabs of fish at
the head-cutting line, and in various environmental
sites such as gutting machine, conveyor belt and drain
at gutting area. There was only one isolate defined by
the profile 06-00-14-10-06 that existed in the drain at
the fine cutting line.

Comparison between strains from fish-processing
factories and listeriosis patients

A database of 71 clinical isolates previously charac-
terized by MLVA in the Norwegian Institute of
Public Health, Oslo, was compared with the MLVA
profiles of the 65 L. monocytogenes strains from the
fish-processing factories. Of the 15 distinct MLVA
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Table 2. Distribution of multiple-locus variable-number tandem repeat analysis (M LV A) profiles of the 65

L. monocytogenes isolates from factories A, B and C

No. of isolates (%) in each factory

Total number of isolates

MLVA profile A B C (%) of MLVA profiles
05-08-14-10-06 11 (27-5%) 11 (16:9%)
06-00-14-10-06 1 (16:7%) 1(1:5%)
06-08-04-19-06 3 (15:8%) 3 (4:6%)
06-08-14-18-06 1(53%) 1 (1-:5%)
06-08-15-10-06 7(17-5%) 7 (10-8 %)
06-08-16-10-06 2(5%) 2 (31%)
06-09-04-10-06 5(83:3%) 5(7-7%)
06-09-26-16-06 1(2:5%) 1(1:5%)
06-10-04-16-06 10 (52:6 %) 10 (15:4%)
06-10-16-21-06 1(53%) 1 (1-:5%)
06-11-15-18-06 1(5:3%) 1(1:5%)
07-07-09-10-06 15 (37-5%) 15 (23:1%)
07-10-15-18-06 3(7-5%) 3(46%)
08-08-16-19-06 1(2:5%) 2 (10:5%) 3 (4:6%)
09-04-18-06-09 1(5:3%) 1 (1:5%)
Total 40 19 06 65 (100 %)

profiles in the current study, nine were found to match
profiles obtained from listeriosis patients (Fig. 2).
These were 09-04-18-06-09, 08-08-16-19-06, 05-08-14-
10-06, 06-10-04-16-06, 06-10-16-21-06, 06-08-14-18-06,
06-11-15-18-06, 06-00-14-10-06, and 07-07-09-10-06.
Human strains were isolated from blood, spinal fluid,
human placenta, and some of unknown source in
patients suffering from listeriosis in Norway and
Sweden. The profile 07-07-09-10-06 was found fre-
quently from blood culture and spinal fluid, and has
been involved in two known listeriosis outbreaks in
Norway. One of these outbreaks was connected to
consumption of cold meat cuts sliced on a contami-
nated slicer. The second outbreak could be linked to
contaminated ecological Camembert cheese, where
the concentration of L. monocytogenes was found to
be as high as 3-6 x 10% per serving [22]. In this out-
break 17 patients were infected and three died, giving
a mortality rate of 18 %.

Minimum spanning tree (MST)

The clonal relationships between the 65 isolates from
the fish-processing factories and human strains were
constructed with MLVA profiles by the MST method
[12]. Figure 3 presents the phylogenetic tree built with
MLVA profiles of all isolates. A total of 15 distinct
MLVA profiles were included. In our study we used
five specific loci and MLVA profiles matching
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all five loci were regarded as clonally related. The re-
sults showed that nine MLVA profiles from fish-
processing factories were found to match human
profiles.

DISCUSSION
Evaluation of the MLV A method

The MLVA method is one of several molecular tech-
niques used for genotyping bacterial pathogens to in-
vestigate the epidemiology of outbreaks, as well as to
trace the contamination routes in food-processing
factories. In the MLVA approach applied in the
present study, DNA extraction by a BioRobot EZ1
instrument using the technique of immunomagnetic
separation by monodisperse latex beads, results in
better purification of DNA compared to DNA ex-
traction procedures not involving such a step.
Capillary electrophoresis is the preferred method due
to the availability of multiple fluorescent labels that
results in accuracy and reproducibility compared to
the conventional agarose gel electrophoresis approach
[23]. In particular, the primers labelled with multi-
colour fluorescent dyes and the internal size standard
result in easy recognition of separated peaks based on
size and colour at each locus from the resulting elec-
tropherogram. Moreover, the use of multicolour dyes,
rather than a single dye as previously used, helps to
overcome the size overlap of two VNTR loci.
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Genetic
Similarity Isolate  YearSource Country Profile Source of origin
£.88
A - 3291 1999  human Sweden  09-04-18-06-09
3BS29 2007  environment Norway 09-04-18-06-09  fish gutting line, drain
1020-6072 2002 human Norway 08-08-16-19-06
B 1107-0271 2006  human Morway  08-08-16-19-06  blood culture
3BsS11 2007  environment MNorway  08-08-16-19-06  fish gutting line
3BS27 2007 environment Norway  08-08-16-19-06  fish gutting line
2BR25 2007 fish Norway  08-08-16-19-06 fish filetting hall, Product sample from the fincuttingline
1104-3149 2004  human nd 05-08-14-10-06
1106-0191 2006 human Norway  05-08-14-10-06  spinal fluid
1107-0505 2007  human Norway  05-08-14-10-06  blood culture
1107-2988 2007 human Norway  05-08-14-10-06  blood culture
1107-2989 2007 human Norway  05-08-13-10-06 blood culture
C 1 1BR3 2007  fish Morway  05-08-14-10-06  raw produce storage, product sample
1BR4 2007  fish Norway  05-08-14-10-06  raw produce storage, product sample
1BRS 2007 fish Norway  05-08-14-10-06 raw produce storage, product sample
1BR9 2007 environment Norway  05-08-14-10-06 fish filetting hall, sweep of fish
2BR4 2007  fish Norway  05-08-14-10-06 Refrigerated room, fish product sample
2BR9 2007  fish Norway  05-08-14-10-06 fish filetting hall, Swab of 10 fish after cutting the head
2BR12 2007 environment Norway 05-08-14-10-06 fish filetting hall, Swab of apron and hands
2BR15 2007 environment MNorway  05-08-14-10-06  fish filetting hall, Swab of apron and hands at the skinning line
2BR21 2007  environment Norway  05-08-14-10-06  fish filetting hall, swab of forceps
1BR38 2007 environment Norway  05-08-14-10-06 Changing room, sweep of boots
1BR67 2007  environment Norway  05-08-14-10-06  slicing, plastic cover and floor
1107-0267 2005  human Norway  06-10-04-16-06
3BS28 2007 environment Norway  06-10-04-16-06 fish gutting line
3BS39 2007  environment Norway  06-10-04-16-06  fish gutting line, buffer tank
38540 2007 environment Norway  06-10-04-16-06  fish gutting line, conveyor beit
3Bs41 2007  environment Norway  06-10-04-16-06  fish gutting line, conveyor belt
D aBs42 2007 environment Norway  06-10-04-16-06  fish gutting line, drain
3BS44 2007  fish Norway  06-10-04-16-06 fish gutting line, sample of gutted fish
3BS46 2007 fish Morway  06-10-04-16-06  fish gutting line, sample of gutted fish
3B548-1 2007 environment Norway  06-10-04-16-06 fish gutting line, conveyor belt
3BS51-1 2007 environment MNorway  06-10-04-16-06  fish gutting line, sorting chamber
|_ 3BS58-1 2007 environment Norway  06-10-04-16-06  fish gutting line, floor sample
1106-3928 2006 human Norway  06-10-16-21-06 __ blood culture
L 1107-1848 2007 human Norway  086-10-16-21-06  blood culture
E 1107-2669 2007 human Norway  06-10-16-21-06  blood culture
3BS90 2007 environment Norway  06-10-16-21-06  fine section, floor sample
F L 4068 2001 human Sweden  06-08-14-18-06
]_{ 3BSS 2007 environment Norway  06-08-14-18-06  fish slaughter line
1104-1378 2004 human Norway  06-11-15-18-06
G Jl\ 3564 2000  human Sweden  06-11-15-18-06
3B8S71 2007 environment Norway  06-11-15-18-06 fish filetting hall, floor sample
I_ 4421 2002  human Sweden  06-00-14-10-06
H 1107-0237 2007  human Norway ~ 06-00-14-10-06  blood culture
2HF33 2007  environment Norway  06-00-14-10-06  fish filet section
1104-2508 2004  human Morway  07-07-09-10-06
1104-2507 2004 human Norway 07-07-09-10-06
1105-0099 2005  human Norway  07-07-09-10-06
1105-0246 2005  human Norway  07-07-09-10-06  Alesund hospital
1105-0221 2005  human Norway  07-07-09-10-06  Alesund hospital
I 1105-0275 2005  human Norway  07-07-09-10-06  Alesund hospital
1001-2405 2000  human MNorway  07-07-09-10-06
1104-3153 2004 human Norway  07-07-09-10-06 human placenta
1010-8844 2001 human Norway  07-07-09-10-06
1104-1518 2004  human Norway  07-07-09-10-06
1104-1935 2004 human Norway 07-07-09-10-06

Fig. 2. For legend see next page.
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Fig. 2. Dendrogram of L. monocytogenes strains from fish-processing factories and listeriosis patients. Some human isolates
are identified by the clinical source. The nine overlapping multiple-locus variable-number tandem repeat analysis (MLVA)
profiles comprising both fish-processing factories and human isolates are indicated by A-I.
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Fig. 3. The minimum spanning tree diagram showing the
clonal relationships between isolates. Difference in the re-
lationship between profiles is indicated by thick lines, thin
lines, and dotted lines. The thickness and dotting of lines
indicate the distance between the circles, thus a thicker line
denotes a closer distance than a thin line, and a thin line
denots a closer distance than a dotted line. Single-coloured
green dots represent profiles obtained from human isolates
only, red dots represent isolates from fish-processing en-
vironment only and blue circles represents fish isolates only.
The multicolour dots show shared multiple-locus variable-
number tandem repeat analysis (MLVA) profiles. The dia-
gram includes 15 distinct MLVA profiles, numbered from
1 to 15 in the figure. Nine MLVA profiles from fish samples
or from the fish-processing environment matched human
profiles, and are numbered in red (nos. 1, 2, 3,4, 5,7, 9,
14, 15). For the remaining profiles (nos. 6, 8, 10, 11, 12,
13) there was no overlap between human profiles and
profiles from fish samples or from the fish-processing
environment.

Several studies have compared and correlated the
various typing methods used for L. monocytogenes.
Since PFGE is known as the gold standard method,
most studies have compared alternative techniques
with PFGE. Jadhav et al. [24] reviewed the literature
on relevant methods for subtyping L. monocytogenes.
After comparing MLVA, MLST (multi-locus se-
quence-based typing), ribotyping and PFGE these
authors, found the discriminatory power of MLVA
(using three tandem repeat regions) was higher
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than the other three methods. When considering the
discriminatory index, the following order was
observed in terms of decreasing discriminatory
power: MLVA >PFGE>MLST >ribotyping. Fur-
thermore, the results obtained from MLVA typing
can be shared quickly with other laboratories based
on the dendrogram or MST [12]. It is also important
to consider that while PFGE takes up to a week for
completion, the MLVA analysis can be run within
a day.

L. monocytogenes strains from fish-processing
factories and listeriosis patients

The profile 07-07-09-10-06 was found to be predomi-
nant in factory A. This profile was also frequently
found in samples from blood, spinal fluid and
placenta from Norwegian and Swedish patients. The
profile has been involved in at least two known
listeriosis outbreaks in Norway. Lindstedt er al. [8]
found profile 07-07-09-10-06 to be present both in the
environment and in food. In the present study, factory
A had L. monocytogenes 07-07-09-10-06 in fish
samples, processing line samples and in various en-
vironmental sites such as drains, floors, equipment,
machines (slicing machine), and aprons and gloves
of workers. In the present study, L. monocytogenes
07-07-09-10-06 was found to be widespread in the
processing environment and accounted for the highest
prevalence of the detected MLVA profiles. This sug-
gests that the strains belonging to this MLVA profile
are persistent in the factory processing environment.
Previous studies have demonstrated that certain
clones of L. monocytogenes may establish and persist
for years in each individual food-processing plant
[25]. The profile 07-07-09-10-06 was found in clinical
sites of listeriosis patients and in a fish-processing
factory. However, some studies reported that most
environmental strains of L. monocytogenes from the
smoked-fish industry were of a lineage different from
that of human clinical isolates, and that the clinical
strains were more virulent than isolates from food
[25]. The two other common profiles in factory A were
05-08-14-10-06 and 06-08-15-10-06. Only profile
05-08-14-10-06 was found in isolates from listeriosis
patients in Norway. The profile 08-08-16-19-06 was
also found in human isolates but this strain accounted
for the lowest level in this factory. In our study, these
strains were found widely in raw fish, fish samples
taken during production and in a variety of proces-
sing environmental sites such as table, boxes, forceps,
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boots, floor, fillet machine, aprons and gloves of per-
sonnel, indicating that raw material may be the initial
source of contamination in the factory. The dominant
strain in factory B was identified as profile 06-10-04-
16-06. Except for one profile, the six remaining
profiles including 09-04-18-06-09, 08-08-16-19-06, 06-
10-04-16-06, 06-10-16-21-06, 06-08-14-18-06, and
06-11-15-18-06 were found to match human isolates.
In particular, profile 09-04-18-06-09 was found in
isolates from Sweden and profile 06-11-15-18-06
was also found in the environment. In the factory,
all these strains were widespread in the processing
environment, especially in various drains, floors, and
equipment. Unlike factories A and B, the distribution
of strains in factory C was relatively homogenous as
only two MLVA profiles were found. The most com-
mon profile was 06-09-04-10-06, this profile was,
however, not found in human isolates.

Some cases of listeriosis with fish as the most likely
source have been reported [26-28]. Listeriosis with
Atlantic salmon as the food source has not been
identified in Norway. In a study by Peiris et al. [29] on
gravad and cold-smoked salmon in Sweden, the
authors conclude that the isolation of strains identical
or closely related to clinical isolates, as assessed by
serotyping and PFGE, suggests that these products
are a possible source for listeriosis. Based on the
available information from the literature and on the
findings of the present study, fish should be con-
sidered as one of several possible sources of L. mono-
cytogenes when investigating sporadic cases of
foodborne listeriosis or outbreaks.

CONCLUSION

The 65 L. monocytogenes isolates from the three fish-
processing factories were characterized into 15 dis-
tinct MLVA profiles. This typing method showed that
all strains were highly heterogenic between factories
and within each factory. Seven profiles were found in
factories A and B, two profiles in factory C. One
profile was found to be present in both factories A
and B. The profile 07-07-09-10-06 was predominant in
factory A, profile 06-10-04-16-06 was predominant in
factory B, whereas 06-09-04-10-06 was predominant
in factory C. Of the 15 profiles, nine were found to
match MLVA profiles from human isolates. Of these
07-07-09-10-06 was regularly found in Norwegian and
Swedish patients. Furthermore, this specific profile
has been reported to be involved in at least two
known listeriosis outbreaks in Norway. The results
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from the present study show that some MLVA pro-
files are found both in fish and in fish-processing fac-
tories and in human isolates, showing that an
epidemiological link can not be excluded. On the
basis of the results we have presented, it cannot be
concluded that people have been infected by
L. monocytogenes through the consumption of sal-
mon products. However, lightly preserved fish and fish
products should be considered as one of several
possible sources of L. monocytogenes when investig-
ating the epidemiology of foodborne listeriosis.
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