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This study aimed to evaluate the occurrence of Listeria monocytogenes in cheese and in the environment of three
small-scale dairy plants (A, B, C) located in the Northern region state of Sdo Paulo, Brazil, and to characterize the
isolates using conventional serotyping and PFGE. A total of 393 samples were collected and analyzed from
October 2008 to September 2009. From these, 136 came from dairy plant A, where only L. seeligeri was isolated.
In dairy plant B, 136 samples were analyzed, and L. innocua, L. seeligeri and L. welshimeri were isolated together
with L. monocytogenes. In dairy plant C, 121 samples were analyzed, and L. monocytogenes and L. innocua were
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L. monocytogenes isolated. Cheese from dairy plants B and C were contaminated with Listeria spp, w1th L. innocua being foundhm
Cheese Minas frescal cheese from both dairy plants, and L. innocua and L. monocytogenes in Prato cheese from dairy
Environment plant C. A total of 85 L. monocytogenes isolates were classified in 3 serotypes: 1/2b, 1/2c, and 4b, with
PFGE predominance of serotype 4b in both dairy plants. The 85 isolates found in the dairy plants were characterized

by genomic macrorestriction using Apal and Ascl with Pulsed Field Gel Electrophoresis (PFGE). Macrorestriction
yielded 30 different pulsotypes. The presence of indistinguishable profiles repeatedly isolated during a 12-month
period indicated the persistence of L. monocytogenes in dairy plants B and C, which were more than 100 km away
from each other. Brine used in dairy plant C contained more than one L. monocytogenes lineage. The routes of
contamination were identified in plants B and C, and highlighted the importance of using molecular techniques
and serotyping to track L. monocytogenes sources of contamination, distribution, and routes of contamination in
dairy plants, and to develop improved control strategies for L. monocytogenes in dairy plants and dairy products.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Listeria monocytogenes is an important human pathogen that occurs
in several food processing environments, including dairy processing
plants (Kathariou, 2002). Listeriosis has been recognized as a serious
public health hazard, with high mortality rates in susceptible individ-
uals, such as the elderly and immunocompromised (Swaminathan and
Gerner-Smidt, 2007). Consumption of contaminated dairy products
has been associated with cases and outbreaks of human listeriosis
(Leite et al. 2006). In Brazil, human listeriosis is underdiagnosed and
underreported (Silva et al., 2010), and there is no report on foodborne
cases (Brito et al., 2008), although L. monocytogenes is frequently
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isolated from dairy products (Zaffari et al., 2007; Brito et al., 2008;
Abrahdo et al.,, 2008; De Nes et al., 2010; Barancelli et al., 2011).

The main types of Brazilian commercial cheeses include Minas
Frescal (non-ripened, fresh cheese) and Prato (ripened cheese)
varieties, accounting for nearly 30% of the 640,000 kg of cheese
produced annually in the country. However, only Minas Frescal cheese
was positive for L. monocytogenes in previous reports (Carvalho et al.,
2007; Brito et al., 2008).

The ability of L. monocytogenes to survive long periods in adverse
conditions, and to colonize and persist in food processing environ-
ments is a threat to the food industry, especially the dairy industry
(Miettinen et al., 1999; Kathariou, 2002; Wagner et al., 2006). Pulsed
Field Gel Electrophoresis (PFGE) has been successfully used in
L. monocytogenes typing in epidemiological surveys (Miettinen
et al., 1999; Barret et al., 2006; Neves et al., 2008; Latorre et al.,
2009; Sauders et al., 2009), and the association with serotyping is
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widely recommended in epidemiological studies to assess the persistence
of this pathogen in the food processing environment (Chasseignaux et al.,
2001).

In Brazil, there is little information about genotypic variation in
L. monocytogenes isolated from the environment of dairy industries, es-
pecially in small-scale cheese processing plants that produce Minas
Frescal and Prato cheeses. Furthermore, there are no studies in Brazil
comparing the genetic profile of L. monocytogenes isolated from
different dairy plants. In this context, this study aimed to isolate and
characterize L. monocytogenes from cheeses and from the environment
of three small-scale cheese processing plants located in the Northeastern
region of S3o Paulo State, Brazil, using serotyping and PFGE.

2. Material and methods
2.1. Sampling procedure

The three dairy plants, located in the northeastern region of the state
of Sdo Paulo, were not connected, and were located 100 km away from
each other. They did not have raw milk suppliers in common. The
volume of cow's milk processed per day and the number of farms that
supplied milk to the dairy plants were: 7,000 liters and 60 farms
(dairy plant A); 12,000 liters and 60 farms (dairy plant B); and 3,000
liters and 55 farms (dairy plant C). Cheese processing was similar in
the three plants using pasteurized milk, without the use of lactic acid
bacteria in the procedure.

The three plants used the same type of mold for the cheese — round,
plastic, and with drainage holes in the bottom. After some minutes in the
mold, the cheese was turned over inside of it. Cheese in molds was
placed in plastic crates with drainage holes, which were kept in cooling
chambers (4 to 7 °C) for 16 h. Afterwards, the molds were removed and
the cheese was placed in plastic bags that were closed with metal
clamps. It was then kept in the cooling chamber (4 to 7 °C) inside plastic
crates, until the moment of sale. None of the plants performed routine
monitoring of Listeria spp. in the plant environment or in the cheese.
Plant A had the best level of Good Manufacturing Practices (GMP), as
it complied with more than 76% of the items in the GMP evaluation
cheklist adopted by the Brazilian Inspection Authority (Brazil, 2002).
Plants B and C, however, were categorized as an intermediate GMP
level, since they complied with 51-75% of the GMP items.

From October 2008 to September 2009, samples were collected in
the three cheese plants (4 visits each, 2-monthy intervals, totaling 12
visits). During each sampling procedure, the following samples were
collected in sterilized containers: 1000 mL of water (with 1.0 mL of
10% sodium thiosulfate solution to each 100 mL), 500 mL of raw and
pasteurized milk, brine (from chilled brine tanks), 500 g of semi-
finished cheese (in molds n = 5), and packaged Minas Frescal cheese
(n = 5) from one batch. Samples from food contact utensils [raw milk
filter, vats, spatulas, molds (n = 15), tables, worker gloves (n = 1 to
3), plastic crates (n = 5)], and of non-food contact surfaces (floor,
drains, walls, and platforms) were also collected. After the third
sampling from each batch, together with samples of cheese from the
molds and packed cheese, three samples (each of 15 combined cheese
samples) from the lateral and upper surfaces of Minas Frescal cheese
were collected with sterile gloves and sponges (Inlab Diagnostica)
moistened with saline solution (0.85%) immediately before packaging.

At the time of the fourth sampling, samples of semi-finished Minas
Frescal cheese were not available in dairy plant C. Therefore, just before
packaging, samples were collected from Prato cheese surfaces. Samples
from food contact and non-food contact surfaces were collected
with sponges or cotton swabs (Inlab Diagnostica) moistened with saline
solution (0.85%) containing peptone (0.1%) and neutralizers for the
following chemical disinfectants: sodium thiosulfate (0.01%); polysorbate
(0.5%), and soy lecithin (0.07%) (Evancho et al., 2002). Flat surfaces, such
as tables, vats, walls, and floors were sampled with sterile gloves and a
sponge over an 1.00 m? area, using sterilized templates for guidance.

The inside and outside of each cheese mold and plastic crate were
sampled with cotton swabs and a sponge over a 27-cm? and 1000-cm?
area, respectively. Platforms were sampled with cotton swabs for the
cracks on the surface to be reached over a total area of 400 cm?. Spatulas
and curd-cutting utensils were sampled all over the surface that was in
contact with the curd. For drained samples, all accessible surfaces were
wiped with a sponge, including sidewalls and grates. The packaging
equipment and raw milk filter were sampled with a sponge. Worker
gloves were sampled with cotton swabs.

After sampling, sponges were put into bags (Inlab Diagnostica)
containing 60 mL of Buffered Listeria Enrichment Broth Base (BLEB;
Difco), whereas cotton swabs were placed in tubes containing 15 mL
of the same broth. All samples were refrigerated immediately after
collection and shipped to the laboratory in coolers with ice (4-8 °C),
and analyzed on the same day.

2.2. Isolation of Listeria species

Analysis of L. monocytogenes was carried out according to the U.S. Food
and Drug Administration method (Hitchins, 2003). L. monocytogenes
ATCC 7644 was used as a positive control. Briefly, 25 g or mL of product
samples were added to 225 mL of BLEB. From the second sampling of
each plant onwards, 50 g or mL of the samples were added to 450 mL
of BLEB to increase the possibility of isolation. Filtration (Silva et al.,
2005) with a 0.45-um pore membrane was used to analyze the 1,000-
mL water samples. After filtration, the membrane was placed in
100 mL of BLEB. Samples collected with sponges and cotton swabs
were vortexed and homogenized in a stomacher. Solid samples with
BLEB were also homogenized in the stomacher for 60 s and incubated
at30 °Cfor 48 h. After 4 h of incubation, acriflavine (10 mg/L), nalidixic
acid (40 mg/L), and cycloheximide (50 mg/L) were added to the
mixture. One loopful of each BLEB mixture was streaked onto Listeria
agar plates, according to Ottaviani and Agosti (ALOA; AES Chemunex),
and onto Oxford agar (Oxoid) plates. The ALOA and Oxford agar plates
were incubated at 37 °C/24 h and 35 °C/24-48 h, respectively. From
each positive sample, three typical colonies of Listeria from Oxford
agar, and of L. monocytogenes and/or Listeria from ALOA were
transferred to Tryptone Soy Agar plus 0.6% Yeast Extract (TSA + YE;
Difco) plates, and incubated at 37 °C for 24 h. Isolates that were
Gram-positive rods and catalase positive, with typical umbrella-like
motility in semisolid motility medium (SIM; Difco) after incubation at
25 °C for 7 days, were considered to be Listeria.

L. monocytogenes was differentiated from other species of Listeria by
using API Listeria (BioMeriéux) kit. The final confirmation was provided
by Christie-Atkins—Munch-Peterson (CAMP) Test (Hitchins, 2003).
Additionally, Listeria found in each positive sample was enumerated
by using the Most Probable Number (MPN) with serial dilutions in
BLEB, following the procedures described by Blodgget (1998).

2.3. Serotyping of Listeria monocytogenes

All isolates identified as L. monocytogenes were serotyped in the
Laboratorio de Zoonoses Bacterianas of Instituto Oswaldo Cruz/R],
according to Seeliger and Hohne (Seeliger and Hohne, 1979).

2.4. PFGE analysis of Listeria monocytogenes

All L. monocytogenes isolates were submitted to chromosomal
DNA and restriction endonuclease digestion strictly following the
procedures described by the U.S. Centers for Disease Control (Pulsenet
International, 2009). PFGE analysis was carried out in a CHEF-DR III
system (Bio-Rad, Hercules, CA). Running parameters were as follows:
6 V/cm; angle: 120°; temperature: 14 °C; initial switch: 4 s; final switch:
40s; length: 19 h. After the electrophoresis run was completed, the gel
was stained with 50 pL of ethidium bromide (Sigma-Aldrich, Saint
Louis, MO) solution (10 mg/mL) in 500 mL of distilled water for 20 min
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in a covered container, and de-stained in 500 mL of fresh distilled water
for 30 min. Gel DocXR (Bio-Rad, Hercules, CA) was used to capture the
images under UV light. A molecular weight marker (Lambda Ladder PFG
Marker, BioLabs, Sdo Paulo, Brazil) with an effective range from 48.5 kb
to 727.5 kb, was used. Bands above or below this range were not included
in the analysis.

The images were analyzed using BioNumerics software, v.5.1
(Applied Maths). Banding patterns were marked using a number of
different stained gel images, in addition to the curves provided by
Bionumerics. Similarities dendrograms were constructed by the
unweighted pair group method using arithmetic means (UPMGA),
and Dice coefficients were used to calculate similarities between
profiles with tolerance and optimization positions of 1.2% for the enzymes
Ascl and Apal (Martin et al., 2006). Besides L. monocytogenes isolated from
the dairy plants (N = 85), results of PFGE of L. monocytogenes ATCC 7644
were included to build the dendogram. Isolates that showed 100%
similarity after DNA digestion with Apal and Ascl were considered as
belonging to the same PFGE patterns (indistinguishable), and any
difference between two profiles was considered sufficient to report
patterns as different (Barret et al., 2006).

3. Results
3.1. Occurrence of Listeria species

The number of samples contaminated with Listeria spp. species in
each sampling site is presented in Table 1. None of the samples of
water, raw milk, pasteurized milk or curd used in the manufacture of
Minas Frescal cheese were positive for Listeria spp. Among samples
that tested positive in any of the dairy factories, the percentage of
contamination for L. monocytogenes was 7.1% (28/393). In dairy plant

Table 1
Occurrence of Listeria spp. isolates in cheese manufacturing plants from Sdo Paulo, Brazil.

A, only the species L. seeligeri was isolated in 4 of 136 samples (2.9%),
and it came from the cooling chamber. In dairy plant B, besides
L. monocytogenes isolated in 17 of 136 samples (12.5%), the following
species were also isolated: L. innocua (19 of 136; 14.0%), L. seeligeri
(4 0f 136; 2.9%), and L. welshimeri (1 of 136; 0.7%). Dairy plant C showed
environmental samples, brine and cheeses positive for L. monocytogenes
in 11 of 121 samples (9.1%) and L. innocua (29 of 121; 24.0%). Minas
Frescal cheese in dairy plant C showed two positive samples with
L. innocua populations lower than 0.3 MPN per gram, and one sample
showed 9.2 MPN per gram. With respect to the samples of Minas frescal
cheese from dairy factory B, and Prato cheese from dairy factory C
(Table 1), it was not possible to determine the Listeria population,
because sample collection was carried out with a sponge without any
limiting of the sampling area on the surface of cheeses.

3.2. Conventional serotyping of Listeria monocytogenes

Antigenic characterization of the 85 isolates identified as
L. monocytogenes showed three serotypes: 4b, 1/2b, and 1/2c. The
percentage values of these serotypes in each plant are presented
in Table 2. The distribution of these serotypes in the respective
isolation sites during sample collection are shown in Table 3.

3.3. Molecular characterization of Listeria monocytogenes

The enzymes Apal and Ascl made possible the typing of the 85
isolates confirmed as L. monocytogenes. The sites of isolation of each
pulsotype in each dairy plant and the order of sample collection are
summarized in Table 3. Figs. 1 and 2 show dendrograms of the isolates
based on Apal and Ascl digestion, respectively. The analysis with Apal
and Ascl differentiated the 85 isolates plus Listeria monocytogenes

No. of positive samples

Sampling site N L. monocytogenes L. seeligeri L. innocua L. welshimeri
Plant A

Water 4 0 0 0 0
Raw milk 8 0 0 0 0
Pasteurized milk 4 0 0 0 0
Curd (Minas frescal) 4 0 0 0 0
Minas Frescal cheese® 46 0 0 0 0
Non-food contact surfaces” 29 0 4 0 0
Food contact surfaces® 41 0 0 0 0
Plant B

Water 4 0 0 0 0
Raw milk 8 0 0 0 0
Pasteurized milk 4 0 0 0 0
Curd (Minas frescal) 4 0 0 0 0
Minas Frescal cheese® 46 0 0 1 0
Non-food contact surfaces” 31 16 4 17 1
Food contact surfaces® 39 1 0 1 0
Plant C

Water 4 0 0 0 0
Raw milk 4 0 0 0 0
Pasteurized milk 4 0 0 0 0
Curd (Minas frescal) 3 0 0 0 0
Minas Frescal cheese? 38 0 0 3 0
Prato cheese (surface) © 3 2 0 3 0
Brine 4 2 0 3 0
Non-food contact surfaces” 23 5 0 18 0
Food contact surfaces® 38 2 0 2 0
Total 393 28 8 48 1

N: Number of samples analyzed.

@ Sampling of Minas Frescal cheese comprised 20 samples of cheese in molds, 20 samples of packaged cheese and 6 samples collected from cheese surfaces before packaging.

b Surfaces of floor, drains, walls, and platforms.
c
d

e

Surfaces of raw milk filter, vats, spatulas, cheese curd cutting utensils, molds, tables, worker gloves, plastic crates, and packaging equipment.
Sampling of Minas Frescal cheese comprised 15 samples of cheese in molds, 20 samples of packaged cheese, and 3 samples collected from cheese surfaces before packaging.
Each sample was collected from surfaces of 15 units of cheese immediately before packaging.
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Table 2
Occurrence of Listeria monocytogenes serotypes in cheese manufacturing plants from Sao
Paulo, Brazil.?

Plant B Plant C Total
Serotype n (%) n (%) n (%)
4b 45 (82) 26 (86) 71 (84)
1/2b 10 (18) 2(7) 12 (14)
1/2c 0(0) 2(7) 2(2)
Total 55 (100) 30 (100) 85 (100)

n: Number of isolates.
@ Results reported for plants B and C, as Listeria monocytogenes was not isolated in
plant A.

ATCC 7644 in 23 and 19 PFGE profiles, respectively, named Ap1-Ap23
for profiles distinguished by Apal and As1-As19 for profiles distin-
guished by Ascl, dividing the isolates into 31 different pulsotypes (listed
from I to XXXI) (Table 4).

The pulsotypes were clustered in a similar manner with Apal and
Ascl, except for VI, VII and XVI, as shown in Figs. 1 and 2. All the PFGE
profiles were serotype specific, with the exception of one isolate (34B)
digested by Ascl, hence, identical PFGE types were not found among
different serotypes with Apal and Ascl. Isolates 9C and 15C (pulsotype
XVI), and 34B (pulsotype XXIV) were from serotype 1/2b, and were at
the same branch of others from serotype 4b digested by Apal (Fig. 1).
However, when Ascl was used, the isolate 34B showed an indistinguish-
able profile from the others isolates from serotype 4b (Fig. 2). All the
isolates from dairy plant B and 93% of isolates from plant C belong to
lineage I of L. monocytogenes (Ragon et al., 2008), represented by
serotypes 4b and 1/2b (Figs. 1 and 2). The pulsotypes that were less
related to the others, with less than 65% similarity, were XXX
and XXI, which included isolates from brine in dairy plant C, and
L. monocytogenes ATCC 7644 from serotype 1/2c, which belongs to
lineage II of L. monocytogenes (Ragon et al., 2008).

4. Discussion
Dairy plants B and C, in which cleaning conditions were inferior to
those in dairy plant A, showed the greatest incidence of Listeria spp.

L. monocytogenes was isolated in all samplings from these dairy plants,

Table 3

whereas the only species isolated in dairy plant A was L. seeligeri.
Isolation of Listeria spp. is a relevant finding, as L. monocytogenes may
be found in the same sites where other Listeria species are isolated
(Kells and Gilmour, 2004).

In Brazil, previous studies showed that the occurrence of
L. monocytogenes in the environment of dairy plants range from
zero to 43% (Silva et al., 2003; Borges, 2006; Brito et al., 2008). In
other countries, wide variations in the incidence of L. monocytogenes
have also been reported (0 to 90.5%) in dairy plant environments
(Wagner et al., 2006; D'Amico and Donnelly, 2009). Kabuki et al.
(2004) analyzed the environment and cheese samples of three
plants that manufactured Latino fresh cheese in New York, and
found L. monocytogenes in 27 of 246 samples of the environment,
with positive results for L. monocytogenes in the final product of
one plant. Similar results were found in the present study, in which
L. monocytogenes was isolated in cheeses only from dairy plant C.

The isolation of L. monocytogenes from plastic crates in dairy
plants B and C shows the importance of these utensils as sources
and vehicles for the dissemination of this bacterium in dairy plants,
as already pointed out by Kabuki et al. (2004). The absence of
L. monocytogenes in samples of raw milk confirms the low prevalence
or even the absence of the pathogen in raw milk from Brazilian herds,
according to previous studies that also did not isolate the microor-
ganism (Destro et al.,, 1991; Casarotti et al., 1994; Arcuri et al.,
2006; Nero et al., 2008). The absence of L. monocytogenes in the sam-
ples of pasteurized milk also confirms that the product is not a com-
mon source of this bacterium, as reported by Destro et al. (1991) and
Frye and Donnelly (2005).

The occurrence of L. monocytogenes in cheese is a cause for con-
cern because these products are often consumed without any fur-
ther processing. Other important factors that should be considered
concerning the isolation of L. monocytogenes in cheese are the shelf life
(180 days) and storage period of the product under refrigeration. Low
temperatures allow Listeria multiplication, and may lead to infectious
doses in the products, and/or cross-contamination in the food prepara-
tion environment. The isolation of L. monocytogenes from the brine in
dairy plant C indicates the possible transmission to the cheese, as oc-
curred in Prato cheeses in that dairy plant. L. monocytogenes tolerates
large concentrations of NaCl and pH 4.9 (Larson et al., 1999). It is,

Occurrence of Listeria monocytogenes in cheese manufacturing plants B and C, and results of serotyping and PFGE typing with Apal and Ascl.

Sampling order *

1 2 3 4
Site of isolation Serotype Pulsotype Serotype Pulsotype Serotype Pulsotype Serotype Pulsotype
Dairy plant B
Floor (pasteurization room) 4b(1)° X 4b(2) - 1/2b(4) I
1/2b(1) v

Drain in cooling chamber 4b(1) XVII 4b(6) XVII, XVIIT 4b(5) XVIII 4b(3) XVIII, XXIII

1/2b(1) XXIV
Platform (cooling chamber1) - - - - 4b(2) XVIII, XXII 4b(3) XVIII, XIX
Floor (cooling chamber 1) - - 4b(4) XVII, XVII 4b(3) 1/2b(1) XVIII, XXII 4b(4) XVII, XVIII

Il
Floor (cooling chamber 2) 4b(1) XX 4b(2) 1/2b(1) XIV, XVII 1/2b(2) I, 11 4b(4) VI, IX
\%
Plastic crates - - - - - - 4b(4) XVIII
Dairy plant C
Platform (cooling chamber) - - 4b(1) XXI - - 4b(1) XXIX
Floor (cooling chamber) 4b(2) XXV - - 4b(2) 1/2b(1) XI, X1l 4b(5) XIV, XXVII, XXVII
XVI
Plastic crates - - - - - - 4b(3) 1/2b(1) VI, VII, XIII
XVI

Worker (gloves) - - 4b(3) XXI - - - -
Brine - - - - 1/2¢(2) XXX 4b(3) XXVI
Prato cheese NC NC NC NC NC NC 4b(6) XVII, XVII

NC: sample not collected.

@ Sampling dates at plant B were: 1. Nov/2008, 2. Feb/2009, 3. May/2009, and 4. Aug/2009; For plant C, sampling dates were: 1. Dec/2008, 2. Mar/2009, 3. Jun/2009, and 4. Sep/2009.

5 Values in parenthesis are numbers of isolates of the serotype in each sampling site.
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Fig. 1. Dendrogram obtained with Apal demonstrating the genetic relationships of the 85 isolates collected in plants B and C and Listeria monocytogenes ATCC 7644.

therefore, able to survive in commercial brines (Wagner et al., 2006;

Barancelli et al., 2011).

In dairy plants in different regions of the world, the prevalence of
Listeria spp. varies. D'amico and Donnelly (2009) showed low

prevalence (10.6%) of Listeria spp. in the environment of small artisan-
like dairy factories that manufacture cheese with raw milk in the USA,
and L. monocytogenes was isolated from the environment of 2 from 8
plants analyzed. Wagner et al. (2006) isolated L. monocytogenes from
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Fig. 2. Dendrogram obtained with Ascl demonstrating the genetic relationships of the 85 isolates obtained in plants B and C and Listeria monocytogenes ATCC 7644.
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Table 4
Pulsotypes of L. monocytogenes isolates from plants B and C, according to the combined
typing with Apal and Ascl restriction patterns.

Isolate code ? Restriction pattern Pulsotype
Apal Ascl

37B, 38B, 39B, 40B Apl As13 I
27B,32B Ap2 As16 11
31B Ap3 As16 1
3B Ap3 Asl5 \Y
18B Ap4 As17 \
12C Ap5 As5 VI
14C Ap6 As4 vl
52B, 55B Ap7 As10 Vi
53B, 54B Ap7 As11 IX
2B Ap7 As12 X
7C Ap8 As10 XI
8C Ap9 As10 X1
13C AP9 As11 XIII
17B,18C, 21C Ap10 Asl XIV
11B,12B Apl11 Asl XV
9C, 15C Ap12 Asl4 XVI
1B, 7B, 14B, 49B, 25C, 30C Ap13 Asl XVII
5B, 6B, 8B, 9B, 10B, 13B, Apl4 Asl XVII

15B, 16B, 19B, 20B, 21B,

22B, 23B, 24B, 25B, 29B,

35B, 36B, 41B, 42B, 43B,

44B, 45B, 46B, 48B, 50B,

51B, 26C, 27C, 28C, 29C
47B Ap14 As2 XIX
4B Ap14 As3 XX
3G, 4C, 5C, 6C Ap15 Asl XXI
26B, 28B, 30B Ap16 Asl XXII
33B Ap17 Asl XX
34B Ap18 Asl XXIV
1C 2C Ap19 As8 XXV
22C, 23C, 24C Ap20 As6 XXVI
19C, 20C Ap20 As7 XXVII
17C Ap21 As7 XXVIII
16C Ap21 As9 XXIX
10C, 11C Ap22 As18 XXX

¢ Letters B and C in each isolate code indicate the dairy plants from which they were
isolated.

50 (27.6%) small processing plants in Austria. In Brazil, Silva et al. (2003)
isolated Listeria spp. from two dairy plants in Bahia, and found
L. monocytogenes in only one of them.

The predominance of serotype 4b in dairy plants B and C is of great
public health importance, because this serotype is frequently involved
in outbreaks of human listeriosis (Graves et al., 2007; Swaminathan
and Gerner-Smidt, 2007). Therefore, it is likely that serotype designa-
tion is associated with virulence potential. This was an unexpected find-
ing, because this serotype is not the most frequent one in food and food-
processing environments (Kathariou, 2002). In Brazil, serotype 1/2a has
been the most frequently one isolated from dairy products (Hofer et al.,
2006; Brito et al., 2008; Abrahdo et al., 2008). The predominance of se-
rotype 4b in the two dairy factories may suggest its endemic nature,
which may be associated with peculiarities of these plants. Plants B
and C had similar characteristics, such as production on a small scale,
deficient cleaning processes, and lack of training of food handlers, as
well as non-compliance with Good Manufacturing Practices during
cheese processing. Similar to the results observed in the present study,
previous reports showed the predominance of serotype 4b in samples
of small dairy plants and cheese in Portugal (Pintado et al., 2005; Leite
et al., 2006; Chambel et al., 2007), and high prevalence in dairy indus-
tries in Austria (Wagner et al., 2006). In Algiers, Hamdi et al. (2007) re-
ported 100% of prevalence of serotype 4b in raw milk, while Aurora et al.
(2009) found 72% of prevalence for this serotype in raw milk and milk
products in India.

In the PFGE analysis, the use of two enzymes (Apal and Ascl) showed
greater discriminatory power than when a single enzyme was used,
reinforcing the importance of the combination of the two enzymes in

the analysis of L. monocytogenes, as recommended by Fugett et al.
(2007) and Neves et al. (2008).

There were three pulsotypes (XIV, XVII and XVIII) that were shared
by dairy plants B and C (Table 3). In this group, isolates from Prato
cheese (pulsotypes XVII and XVIII) in dairy factory C showed PFGE
profiles indistinguishable from isolates of dairy plant B found in drains,
plastic crates, platforms, and the floor of the cooling chambers.
Pulsotype XIV was found on the cooling chamber floors of both plants.
The presence of isolates of the same pulsotype in both dairy factories
suggests that these are L. monocytogenes subtypes that come from a
common source or are widely spread in nature, and may have caused
the contamination of the plants. The existence of a single source of
contamination for dairy plants B and C does not seem likely, since the
plants were not connected, and did not have suppliers of raw milk in
common. The hypothesis of wide distribution of these pulsotypes is
more plausible. Studies in Austria (Wagner et al., 2006) and Portugal
(Leite et al., 2006) showed similar results, with the occurrence of
the same PFGE profile in epidemiologically unrelated dairy plants,
suggesting that some subtypes of L. monocytogenes are widely
distributed and become endemic because they become adapted to
specific ecological niches, such as the cheese production environment.

Pulsotypes that clustered with both enzymes can be considered
presumably persistent in the plants, as showed in Table 3. These results
indicate the ability of the lineages to adapt to niches and biofilms,
and/or resistance to cleaning procedures, as demonstrated by previous
studies (Miettinen et al., 1999; Autio et al., 2003; Sauders et al., 2009).
Lineages that persist in food industries or cause outbreaks may present
genetic alterations that result in PFGE patterns with differences of up
to three bands (Graves et al., 2005). Therefore, Sauders et al. (2009)
considered that isolates presenting up to three bands of difference in
Apal + Ascl profiles belonged to the same PFGE profile, and were
considered persistent in the analysis of the diversity and persistence
of L. monocytogenes in food retail stores. The diversity of PFGE profiles
observed in dairy plants B and C is different from the findings of the
only study carried out in Brazil, in which L. monocytogenes was analyzed
in a dairy plant and all the 344 isolates belonged to serotype 1/2a, with
undistinguishable profiles (Apal and Ascl), demonstrating a homogenous
contamination pattern in the facilities (Brito et al.,, 2008).

Besides the persistence of the lineages, PFGE highlighted important
routes of contamination by L. monocytogenes. Therefore, in dairy factory
B, in the fourth sampling, the same pulsotype was isolated (XVIII) from
the floor, drain, platform in cooling chamber 1, and plastic crates. In
dairy factory C, highly similar pulsotypes were found in brine (XXVI)
and on the floor of the cooling chamber (XXVII and XXVIII), with 90%
and 91,1% similarity with Ascl and Apal, respectively (Figs. 1 and 2).
This fact suggests a route of contamination, and confirms the use of
inadequate handling practices, such as placing the crates that were in
direct contact with the floor inside the brine tank, causing contamination
of the brine. Also in dairy plant C, the same pulsotype (XXI) was found on
the gloves of a worker and on the platform of the cooling chambers in the
second sampling, showing a new route of contamination coming from the
floor. No common pulsotypes were found among the isolates in Prato
cheese of dairy plant C (XVII, XVIII) and other sites of this plant in the
same sampling, including the brine, but only similar pulsotypes in
worker's gloves and the platform in the second sampling (pulsotype
XXI) and on the floor of the cooling chamber (pulsotype XIV) in 4th sam-
pling. The pulsotype XXX, isolated from the brine in plant C, was clustered
with Listeria monocytogenes ATCC 7644 (serotype 1/2c, pulsotype XXXI),
which is of human origin. According to Ragon et al. (2008), serotype
4b evolved from 1/2b, which could explain the isolate 34B from 1/2b
serotype showing the same Ascl profile of others from serotype 4b
(Fig. 2); as well isolates 34B, 9C and 15C, have been clustered with others
isolates from serotype 4b with Apal (Fig. 1). Discrepancies between PFGE
profiles and serotypes have been reported previously. Margolles et al.
(1998) found indistinguishable PFGE profiles among L. monocytogenes
of different serotypes isolated from cheeses. Chasseignaux et al. (2001)
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also observed clustering of L. monocytogenes isolates from different
serotypes in the same pulsotype collected in poultry and pork processing
plants.

In conclusion, the isolation of L. monocytogenes from different sites of
dairy plants B and C, in all samplings, demonstrated that these facilities
are sources of contamination of dairy products, and cleaning procedures
for the control of this pathogen are necessary, including for the brine
tank. The predominance of serotype 4b in both plants is a great public
health concern due to its epidemiological importance. PFGE analysis
demonstrated different sources of contamination and the persistence
of lineages, making it difficult to control the pathogen in dairy plants B
and C. The presence of the same L. monocytogenes pulsotype in the
two plants suggests the wide distribution of the pathogen in nature
and its adaptation to the dairy plant environment.

This study highlights the importance of using molecular techniques
and serotyping to track L. monocytogenes sources of contamination,
distribution, and routes of contamination in dairy plants, especially
when rare profiles are indistinguishable and spread in the factory, in
order to plan preventive measures to control this microbiological
hazard in the industrial environment as well as in the final products.
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