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ABSTRACT

Listeria monocytogenes is a bacterium capable to adhere to the surfaces of equipment and utensils and
subsequently form biofilms. It can to persist in the food processing environmental for extended periods of
time being able to contaminate the final product. The aim of this study was to trace the contamination route
of L. monocytogenes on a fresh mixed sausage processing line, from raw material to the final product. The
isolates obtained were characterized by serotyping and molecular typing by pulsed-field gel electrophoresis
(PFGE) using the restriction enzymes Apal and Ascl. L. monocytogenes was detected in 25% of the
samples. The samples of raw material were not contaminated, however, the microorganism was detected in
21% of the environmental samples (food contact and non-food contact), 20.8% of the equipments, 20% of
the food worker’s hands, 40% of the mass ready to packaging and in all the final products samples,
demonstrating that the contamination of final product occurred during the processing and the importance of
cross contamination. PFGE yielded 22 pulsotypes wich formed 7 clusters, and serotyping yielded 3
serotypes and 1 serogroup, however, the presence of serotypes 4b and 1/2b in the final product is of great
concern for public health. The tracing of contamination showed that some strains are adapted and persisted

in the processing environment in this industry.
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INTRODUCTION

Listeria monocytogenes represents an important hazard
to human health because it is capable of causing listeriosis, an
atypical foodborne disease with a high fatality rate, ranging
30% in (15).

Contamination of products by this microorganism occurs

from 25 to susceptible  populations
more commonly during their processing and it is often the
result of persistence of strains in the food processing plant (9,
20, 30). Beef, poultry, seafood and dairy processing plants
can be contaminated by L. monocytogenes (3, 5, 7) and
studies have shown that this bacterium can survive in the
plant for extended periods of time (17, 18, 20, 28).

Thirteen serotypes have been reported for L.
monocytogenes. Three of them (1/2a, 1/2b and 4b) are
associated with the majority of sporadic cases of human
listeriosis and the serotype 4b is linked to almost all recent
outbreaks of listeriosis. Serotyping may be used to
investigate foodborne disease outbreaks and to identify
sources of contamination and routes of spread in the food
processing environment, but this technique is less
discriminatory than molecular typing methodologies (22).
Nevertheless, it provides relevant information for quick
discrimination of isolates

obtained during suspicious

outbreaks, and it improves the efficiency of other more

sensitive  typing  methods (14). Pulsed-field gel
electrophoresis (PFGE) have been successful used in
characterization of L. monocytogenes, mainly in
epidemiological investigation and the tracing of

contamination of food processing plants. This method has a
very high discriminatory power and is reproducible (12).
Pork meat and processed pork products have been the
sources of outbreaks of listeriosis (30), however, there has
been sporadic information on the occurrence in processed
pork meat products in Brazil. Fresh mixed sausage (a sausage

made of raw pork meat, beef meat and pork fat) is a very
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popular Brazilian product, thus, the evaluation about the

prevalence and contamination route of  Listeria
monocytogenes in these products is a cause of concern. The
aim of this work was to trace the contamination route of L.
monocytogenes on a fresh mixed sausage processing line,
from raw material to the final product, of a slaughterhouse in

the city of Pelotas-RS, Brazil, using serology and PFGE.

MATERIALS AND METHODS

Sampling

All material were collected from a fresh mixed sausage
processing line of a slaughterhouse under state inspection, in
Pelotas, RS, Brazil, and the sampling followed the method
recommended by APHA (1). Sixty-eight samples [10 from
raw material, 19 from processing environment and surfaces
(food contact surfaces and non-food contact surfaces), 5 from
food worker’s hands, 24 from equipment, 5 from mass ready
for packaging and 5 from the final product] from 15 sampling
points [raw material (pork, beef and pork fat), equipments
(disintegrator, mincer, mixer, packaging equipment, tieing
equipment), environment and surfaces (working tables,
boxes, troleys, drains), handlers, mass ready for packing and
final product] were analyzed in a period of 5 months. Other
raw materials involved in sausage mixing, such spices and
preservers, don’t have been tested in this study. All the final
products analyzed were made from the same batches of raw
materials tested. All samples were collected prior to
processing, except the samples of final product and of mass

ready for packaging.

Isolation of L. monocytogenes

Isolation was carried out according to the methodology
described by Farber et al. (10), using Listeria enrichment
broth (UVM formulation) incubated for 24h at 30°C as

primary enrichment. Fraser broth was used as secondary
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enrichment and was incubated for 48h at 35°C. Aliquots were
streaked onto Oxford and Palcam agar plates that were
incubated at 35°C for 48 hours. Three to five characteristic
colonies from each plate were submitted to biochemical
identification. The tests used were catalase production;
motility at 25°C (motility test medium, Difco, USA); 8-
hemolysis production (Tryptone soy agar + 7% horse blood)
and carbohydrate fermentation (dextrose, ramnose, xylose
and manitol, Vetec, BR). All media were from Oxoid (UK)

except where noted.

Pulsed Field Gel Electrophoresis

The CDC (12) protocol was used for PFGE analysis.
Briefly, a suspension of pure culture was prepared and optical
density (Agionm) determined (Ultrospec 2000, Pharmacia,
USA). Density was adjusted to 1.25 — 1.35, lysozyme
solution (10mg mL™, Pharmacia) was added and the mixture
was incubated at 37°C for 10min. 300uL of SSP solution
[1.2% Agarose Pulsed Field (USB, USA); 1% sodium
dodecyl sulphate (Sigma, USA), 0.2mg mL™" proteinase K
(Pharmacia)] were added and the mixture transferred to
PFGE molds (BioRad, USA). The blocks were incubated in
lysis solution (50mM Tris-HCl, 50mM EDTA pH 8,0, 1%
sarcosine (Sigma, USA) and 0.15mg mL"' proteinase K)
under agitation (175rpm; incubator shaker, Innova 4000, New
Brunswick Scientific) for 2h at 54°C. Blocks were digested
overnight with Apal (160U block™) and Ascl (25U block™)
(New England Biolabs, USA), incubated at 25°C and 37°C,
respectively. Digested products were subjected to PFGE in a
CHEF-DR 1II (BioRad, USA) using TBE at 14°C. The
electrophoretic parameters used were as follows: initial
switch time, 40 seg; run time, 22h; angle 120°; gradient 6.0v
em’; temperature, 14°C, ramping factor, linear. The gels
were stained with ethidium bromide solution and pattern

images were acquired in Photo Documentation System

(Vilber Lourmat, Germany). In addition to the L.
monocytogenes isolates obtained from the processing plant,
two standard strains isolated from food, Salmonella
Enteritidis and L. monocytogenes 1529, were used as an
outgroup and were typed by PFGE.

The electrophoretic profiles generated with each enzyme
were compared and grouped. The size of bands of each
profile was calculated using the EDAS 120 system (Eastman
Kodak, USA), and the correlation among the profiles was
evaluated with NTSYSpc 2.0 (Numerical Taxonomy and
Multivariate Analysis System) program, using the Dice
coefficient of similarity (23). The same program was used for
the construction of the dendrogram based on NJOIN

(Neighbor-joining method) group analysis (25).

RESULTS AND DISCUSSION

Global contamination by Listeria monocytogenes: a
total of 68 samples were collected from a processing line of
fresh mixed sausage in Pelotas, RS, and the overall
prevalence of L. monocytogenes in the samples was 25%. The
raw material was not contaminated (0/10). Nevertheless, the
environment and the equipment (9/43), the handlers (1/5), the
mass ready to packing (1/5), and the final products (5/5) were
more frequently contaminated. In a previous study, our group
has shown that L. monocytogenes was prevalent in three fresh
sausages plants and their products, at different stages of
manufacturing (27).

An important observation is that none of the samples of
raw material were contaminated by L. monocytogenes,
however, the pathogen was isolated in all samples from the
final product demonstrating that raw material was not an
important vehicle in the dissemination of this microorganism
during processing. The contamination of meat products in
processing plants to be due to L.

mostly appears
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monocytogenes strains already present in the plant
environment. There are some disagreements between the
most important sources of L. monocytogenes contamination
on processing lines. While many authors have emphasized
the importance of equipment and environment as a source of
contamination (2, 8, 15, 28), others highlighted the
importance of raw material as contamination sources (11,
17).

Serotyping: 83 isolates of L. monocytogenes were
investigated and 71.1% (59) belonged to serotype 1/2c,
12.1% (10) to serotype 1/2b, 2.4% (2) to serotype 4b, and
14.5% (12) to serogroup 1. Serotype 1/2c was isolated in all
sampling points, with exception of the mixture ready for
packing. Several studies have shown that L. monocytogenes
strains isolated from meat processing environments are
frequently of serotypes 1/2a, 1/2/b and 1/2¢ (6, 13, 29). This
may be associated with enhanced capacity to L.
monocytogenes serotype 1/2c to attach the stainless steel
surfaces, commonly used in food-processing environments
(19).

Despite the lack of information about human listeriose in
Brazil, L. monocytogenes strains serotypes 4b, 1/2a and 1/2b
are the most prevalent in samples of patients in this country
(14, 16). This form, it is important to highlight that the
isolation of the serotypes 4b and 1/2b in the final product is
of great concern for public health. The presence of these
strains may result in sporadic cases or an outbreak of
listeriosis, particularly if this product is consumed by persons
in the at-risk population or if properly cooked (15, 30).

Distribution of Listeria monocytogenes genotypes in
the processing environment: PFGE discriminated the 83
isolates into 22 combined Apal and Ascl PFGE patterns
(pulsotypes). DNAs digested with A4pal showed 10-16
fragments ranging from approximately 25.6 to 520.8kb
(Figure 1), while 5-12 fragments of 30.8 to 626.6kb (Figure

2) were obtained following digestion using Ascl.
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Figure 1. PFGE profiles obtained with the 4pal restriction
enzime. P: L. monocytogenes H 2446 digested with Ascl;
1529: L. monocytogenes from the outgroup; 06; 08; 07; 19;
22;18; 02; 12; 23; 11: Isolates of L. monocytogenes digested

with Apal.
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Figure 2. PFGE profiles obtained with the Ascl restriction
enzyme. P: L. monocytogenes H 2446 digested with Ascl; B;
E; C; J; D; M; G; A; K; H: isolates of L. monocytogenes
digested with Ascl.
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The final product was the only one who made the
17).
pulsotypes isolated of final product was unique (P5; PS8; P9;
P10; P11; P13; P15; P17; P18; P19; 20; P21; P22), in other

highest number of pulsotypes The majority of

words , they were not isolated from any other sample. These
strains may be present in the processing plant in undetectable
quantities to detect trough the conventional techniques of
isolation, but once they contaminate the mass, they can
multiply during the 24h period of storage in the cold room
and be detected in the final product (7, 26).

The high genetic diversity of final product, without
contamination of raw material demonstrate that the
contamination occurred during the processing, and that raw
meat seemed not to be an important factor in the
contamination of fresh mixed sausage. Several studies, using
(AFLP, PFGE, RAPD,

of L.

different molecular techniques

Ribotyping) have shown that the genotypes
monocytogenes strains collected from pork meat processing
environment are extremely diverse (6, 20, 21, 28). Thévenot
et al. (28) stated that high genotype diversity among strains
collected during processing and processed products may
indicate either a continuous source of inoculation by raw
material or the persistence of several strains in spite of the
cleaning and disinfection operations. The first hypothesis
can’t be sustained in our study, since no L. monocytogenes
was found in raw meat.

It was verified that pulsotypes P1, P2, P4, P7 and P16
persisted in the environment of the processing plant, as they
were isolated repeatedly during the sampling period (data not
shown), suggesting that they are well adapted to the
environment and able to colonize the production line. Similar
results were found by Autio et al. (2), Berrang et al. (4),
Lundén et al. (20) and Senczek et al. (26). In addition,

pulsotypes P2 and P16 were found contaminating more than

one sampling point during the same day.

Five samples (two from the final product, one from the
mincer, one from the tieing equipment and one from the
worker’s hands) presented contamination for more than one
L. monocytogenes strain, which was evidenced by the
presence of more than one pulsotype in these samples. The
finding of several pulsotypes in a single sample may be due
to contamination at many different sites. These results
highlight that several isolates from a single sample should be
typed in epidemiological and contamination studies,
according also reported in other studies (2, 8).

Analyzing the dendrogram (Figure 3), it can be observed
the existence of 7 distinct clusters. Cluster IA was the
predominant one, grouping 8 pulsotypes and 34 of 83 strains
analyzed. Profiles less genetically related formed separate
clusters: IB, IC, ID and IIIA.

The Table 1 demonstrates the persistence and the
dissemination of some L. monocytogenes strains in the
processing plant evaluated. Some strains (clusters 1A, IIA,
IIB e ID) were isolated repeatedly during the sampling
period, suggesting their persistence in the environment of this
industry. Moreover, some strains have more ability to
contaminate and to multiply in the final product (IA, IIA, IB,
IIB e IC), while others (ID e IIIA) were more adapted to the
environment.

Strains from clusters IIIA and ID appeared
contaminating only the environment and surfaces (Table 1),
suggesting that these strains are more adapted to these
environments, more sensitive to spices and preservers used in
the production of the fresh mixed sausage, or may be bad
competitors, as they were not found in the final product.
However, the clusters IA and IIB, probably are more
important in cross contamination of the final product, once
they contaminated the processing environment and, later, the

fresh mixed sausage (Table 1).
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Figure 3. Representation of the genetic relationship among the 22 pulsotypes obtained from 83 L. monocytogenes isolates and

L. monocytogenes H2446 (standard), L. monocytogenes 1529 and Salmonella Enteritidis chosen as outgroup.
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Table 1. Distribution of clusters of L. monocytogenes on a
processing line of fresh mixed sausage for sampling point and

sampling day.

Sampling

Sampling Site and 1 2 3 4 5

Sampling Source

Raw Material - - - - -

Environmental
and Surfaces

Working tables - - - - 1D
Boxes ID° - - - -
AP -

Trolleys 1A - -

Drains - - - - -

Equipments

Disintegrator - - - - -
Mincer
Mixer IA® - - - -
Packaging equipment - IA° - - -

Tieing equipment - IA® - -
Handles - - - N -
IA? _ _ _ _

Mass ready to

packing final 1B IIA* ITA* IIA* 1IB¢

product IA° IC IA®
B¢

- L. monocytogenes not detected
- @5 e d The cluster was detected in more than one sampling point and/or

more than one sampling day

Cluster IA (34 strains), was found on the food handler’s

hands, in trolleys, in all equipment (with the exception of the

disintegrator of frozen blocks) and in the final product. This
demonstrated the capacity of strains belonging to this cluster
to be disseminated throughout the plant and its potential
involvement in cross contamination. These strains may be
better adapted to the plant environment and are able to
survive longer. This result is in agreement with the findings
reported by Autio et al. (2), Berrang et al. (4), Lopez et al.
(17) and Lundén et al. (20), who stated that some strains can
persist in a food processing facility, whereas other can't.
Some factors influencing the survival of L. monocytogenes
strains in food processing plants are recognized: complexity
of structure of processing machines and poor hygienic
properties; strain-specific properties, such as differences in
adherence to stainless steel surfaces; and susceptibility to
disinfectants.

Cluster IIB (11 strains) was present in the final product
and on the packing machine. Interesting, strains belonging to
cluster ITA (26 strains) were found only in the mixture ready
to be packaging and in the final product, therefore, it is
believed that even though they were present at some stage
prior to the mixture preparation, due the limitations of the
conventional techniques of isolation and identification, it was
not possible to detect them.

In conclusion, it was verified that L. monocytogenes
seems ubiquitous in the processing plant evaluated. The
analysis of clusters formed by PFGE patterns showed that
some strains are adapted and persisted into the processing
environment, thus, relevant for food contamination in this
industry. It emphasizes the problem of the efficiency of
cleaning and disinfection procedures used, to avoid in-plant
colonization by L. monocytogenes. Samples from the final
product were frequently contaminated by L. monocytogenes,
and the wide genetic diversity among the isolates
demonstrates the importance of cross contamination in the

processing plant evaluated and the importance in food safety.
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The most prevalent serotype was 1/2c, however, the presence
of isolates from serotype 4b and 1/2b in the final product
indicate that consumption of fresh mixed sausage can be

risky to susceptible population if not properly cooked.
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RESUMO

Caracterizagdo de Listeria monocytogenes isoladas em
uma linha de processamento de lingiiica mista frescal em

Pelotas-RS por PFGE

Listeria monocytogenes € uma bactéria com capacidade

de formar biofilmes e de colonizar superficies de
equipamentos e utensilios. Esse microrganismo pode persistir
por longos periodos em plantas de processamento de
alimentos, sendo capaz de contaminar o produto final. O
objetivo deste estudo foi tracar a rota de contaminacdo de L.
monocytogenes em uma linha de processamento de lingiiica
mista frescal, desde a matéria-prima até o produto final. Os
isolados obtidos foram caracterizados por sorotipagem e por
tipagem molecular, através de Pulsed Field Gel
Electrophoresis (PFGE), usando as enzimas de restri¢ao 4Apal
and Ascl. L. monocytogenes foi detectada em 25% das

amostras. Nenhuma amostra da matéria-prima apresentava o
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patdégeno, entretanto, o microrganismo foi detectado em 21%
das amostras ambientais (com e sem contato com o
alimento), 20,8% dos equipamentos, 20% das amostras de
maos de manipuladores, 40% da massa pronta para o
embutimento, ¢ em todas as amostras do produto final. Isso
demonstra que a contaminagdo do produto final ocorreu
durante o processamento, € a importancia da contaminagao
cruzada. PFGE produziu 22 pulsotipos e a sorotipagem
produziu 3 sorotipos e 1 sorogrupo, entretanto, a presenga dos
sorotipos 4b e 1/2b no produto final é de grande importancia
para a saude publica. Os perfis de macrorestrigdo mostraram
que algumas cepas sdo adaptadas e persistiram no ambiente

de processamento dessa industria.

Palavras-chave: Listeria monocytogenes, PFGE;
sorotipagem, cepas persistentes
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