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ABSTRACT

The occurrence of Listeria spp. in two meat processing facilities was investigated.
Samples were collected in the processing environment of the facilities wifh
different sampling methods (cotton swab-CS, sponge-SS, and composite tissue-
CT) to evaluate their ability to recover Listeria spp. Four detection assays
[culture, environmehtal Listeria-(EL) Petrifilm™, lateral flow immunoprecipitation

* (LFI), and automated polymerase chain reaction (BAX®)] were evaluated for
identification of Listeria sbp. Persistent and sporadic strains of L. monocytogenes
were tested for their susceptibility to sanitizers. Occurrence of Listeria spp. in the
facilities varied from 0.6 to 38%. Listeria spp. were isolated from more samples
using the SS and the CT (p<0.01) than the CS. LFI and BAX® were highly
sensitive (95.5% and 99.1%, respectively) and specific (100%) compared to the
culture method. Poor performance was observed for the EL-Petrifilm™ with lower
sensitivity (50.6%) and specificity (91.5%). No correlation was observed between
susceptibility to sanitizers and strain persistence; however, adherence of cells

affected sanitizer efficiency.
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1. INTRODUCTION AND LITERATURE REVIEW

The presence of pathogenic microorganisms in food propessing facilities is
of great concern to food processors, consumers and health authorities (59). |
Consumer demand for minimally processed foods with assurances of a safe
product has resulted in an increased demand for adequate testing, cleaning and
sanitation of food processing, distributing, ahd retail facilities. Of special concern
are those bacteria that can adhere to food contact surfaces and form biofilms
(156). Once the bacteria adhere to surfaces and form biofilms, they become
more difficult to remove (96). In addition, it has been observed that susceptibility
to sanitizers decreases when bacteria are a part of a biofilm consortium (98,

107).

One of the common biofilm formers that inhabit food processing
environments are Listeria species. Listeria can persist in processing
environments for extended periods of time and potentially resul.t in continuous
contamination of food products (73, 74, 96). Foods such as processed meats

" have been implicated in numerous listeriosis outbreaks (14, 30, 98) which
resulted in increased regulations and closer monitoring of meat processing
facilities (68, 7145). Due to the high risk associated with contamination of
processed meats, it is imperative that food processors understand the potential
sources of contamination, distribution and characterization of persistent bacterial
strains, as well as which measures are effective in control of Listeria spp. in the

food procéssing sector.
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To achieve successful monitoring and control of a pathogenic bacterium
such as Listeria monocytogenes, it is important that all steps involved in the
evaluation of food safety are addressed. Regular sampling of foods and the
processing environment is imperative. The food industry has been provided with
numerous sampling methods and a variety of analytical products; however, some
methods may be more efficient in recovery of specific pathogens than others.
Currently, there is no standardized protocol for environmental swabbing and a
wide range of materials such as cellulose sponges, composite ply-tissues and
cotton tipped swabs are corﬁmercially available. However, the lack of
comparable data for the swabbing protocols makes it difficult to evaluate the

efficacy of each sampling method.

Once environmental sampling is conducted, it is extremely important that
appropriate detection methods be used to achieve rel.iable and rapid results.
Prompt results are of paramount importance to the food industry where a timely
response to potential food safety issues is critical. With the understanding of the
source and distribution of Listeria spp. in meat processing facilities, more

appropriate monitoring and control measures can be achieved.

1.1 Characteristics of the genus Listeria

Listeria ére Gram-positive, non-sporeforming short rods. They are motile,
catalase-positive, oxidase-negative, and utilize glucose with acid being the end
product of glycolysis (123). Genus Listeria is comprised of six different species:
L. monocytogenes, L. innocua, L. ivanovii, L. seeligeri, L. welshimeri, and L. grayi

(36, 71). Listeria murray was originally regarded as a separate species of
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Listeria; however, in 1992 the description of L. grayi was revised and L. murray
was reassigned to L. grayi (130). Among the six species, L. monocytogenes has
been recognized as both a human and animal pathogen, capable of causing a
variety of infections in humans, domesticated and wild birds and mammals (749).
L. ivanovii has been known to cause disease in animals and very rarely in
humans (36, 71). L. seeligeri is considered one of the avirulent strains; however,
due to detection of many pathogenic traits carried by L. seeligeri it has been
reported that this particular strain is capable of causing disease in humans (61,

84, 149).

L. monocytogenes is both a facultative anaerobe and a facultative
intracellular pathogen as well as a known causative agent of an uncommon but
potentially aangerous illness called listeriosis (7123, 149). Due to its ability to
survive adverse environmental conditions, L. monocytogenes has become a
notable villain in the food industry (84). A variety of foods such as dairy, meat,
egg, seafood and vegetable products (57) have been reported as vehicles of
transmission in cases of listeriosis. One of the characteristics of this
microorganism that plays a crucial function in its role as a foodborne pathogen is
its ability to survive and grow at} wide range of temperatures (i.e. between -0.4 °C
and 50 °C) including the refrigeration temperatures (749). In addition, L.
monocytogenes can survive a broad range of pH conditions and osmotic
pressures (149). These traits have added greatly to the difficulty of keeping L.

monocytogenes outside of the food chain.
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Although descriptions of the microorganism, which is now known as L.
monocytogenes, date back to 1911 when the bacterium was isolated from
necrotic foci of a rabbit's liver (64), it was not until 1924 that Murray et al. (114)
isolated and described the bacterium as Bacterium monocytogenes. In the
following years a number of different names were assigned to the bacterium until
1940, when Pirie (125) named it Listeria monocytogenes. Historically, as an
animal pathogen, L. monocytogenes was commonly found in rabbits, guinea
pigs, sheep and cattle (64). However, in the last three decades L.
monocytogenes has emerged as an important foodborne pathogen (732) that
has caused outbreaks with high morbidity and mortality rates (132).

As a result of the many unique features of L. monocytogenes, extensive
research has been done regarding its virulence traits and mechanisms of
invasion. With the use of novel genetic techniques and tools, as well as variety
of in vitro models used for infection, L. monocytogenes has become one of the
model pathogens for studying the basis of intracellular parasitism (67). The
identification of genes that play an important role in the pathogenesis of L.

monocytogenes has led to detailed findings about the cell infectious process

(61).

1.2 Listeria monocytogenes pathogenesis and listeriosis

As an intracellular pathogen, L. monocytogenes has evolved a number of
mechanisms to take advantage of host cell processes, enabling it to grow and
spread in the human body without causing toxicity to the host cell (726). These

bacteria have the ability to invade and proliferate within macrophages and a
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range of non-phagocytic cells, including epithelial, endothelial, and hepatocytes
(148). The most common point of entry into a human body is the gastrointestinal
route, through consumption of contaminated foods (749). However, there has
been some controversy pertaining to the entry point of the bacterium into the host
cells, depending on the infection models used. Studies with guinea pigs support
the theory that L. monocytogenes penetrates the host cell through the intestinal
villous epithelium (127). If mice are used as models, bacteria preferentially
colonize Peyer's patches through the use of the M-cell epithelium rather than

invading the intestinal villous epithelium (7137).

Once L. monocytogenes adheres to and successfully enters the host cell,
the intracellular endurance is dictated by its ability to avoid the immune system
response through the use of highly sophisticated survival and virulence
mechanisms (57). The expression of the specific virulence genes is highly
dependent on the stage of bacterial life cycle, as well as the location of the

bacterium inside a host (28, 46, 113, 148).

A number of different opsonin- dependant and opsonin- independent
mechanisms play a role in internalization of L. nﬁonocytogenes into phagocytes
(148). The bacterium induces its own uptake by nonprofessional phagocytes
through a variety of mechanisms involving invasion proteins: InlA, InIB, and P60
(148). After internalization of the bacterium, L. monocytogenes goes through a
cycle of events including “escape from the phagocytic vacuole, multiplication in
the host cell cytoplasm, directional intracytosolic motility by induction of actin

polymerization at one pole of the bacterial cell, protrusion of centrifugally moving
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bacteria within cytoplasmic evaginations, and phagocytosis of the pseudopod-like

structures by neighboring cells” (148) which can be repeated a number of times.

Regardless of the cell type in which L. monocytogenes finds itself,
internalization is rather quickly followed by lysis of the phagocytic vacuole, and
release of the bacterium into the cytosol where it can undergo cell replication and
spread into adjacent cells (37). L. monocytogenes can easily be set free into the
cytosol and by means of actin-polymerization it can be propelled from one cell to
the other, resulting in easy dissemination from the small intestine to the liver,
'spleen, the brain stem, and the placenta (37, 45, 149). Depending on the point
of entry of the bacterium and the type of a host cell, different bacterial surface
proteins are employed. For instance, Internalin A (inIA) protein is known to play
a role in the invasion of the human enterocyte-like Caco-2 cells, while Internalin B
(InIB) is involved in invasion of Vero, HeLa, Hep-2 and CHO cells (21, 75, 93,
1568). A variety of factors are important in this initial stage of internalization;
however, motility and adherence are imperative for the bacterial survival of
adverse conditions of the sto.mach and efficient uptake into the cell, respeétively

(149).

A wide variety of infections associated with listeriosis have been attributed
to the ability of L. monocytogenes to easily adapt to the environment in which it
finds itself. The ability of different L. monocytogenes serotypes to cause more or
less serious infections also depends on the bacterial adaptation as well as the
state of the immune system of a host (7149). The specificity of the serotypes to

the distinct disease symptoms, and particular sources (i.e. human, food, and
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environmental sources), further proves that complex relationships and
interactions are responsible for differences in virulence and survival of L.

monocytogenes in different milieus (95).

As a causative agent of an uncommon but potentially severe illness,
listeriosis, L. monocytogenes has been the cause of many costly outbreaks
throughout the world (5, 135, 139). However, sporadic cases of L.
monocytogenes infections tend to be the more common occurrence (147, 149).
Listeriosis can manifest itself in different forms, some of which include diarrhea,
meningitis, meningoencephalitis, spontaneous abortions, still births, septicemia,
as well as systemic infections in neonates, pregnant and immunocompromised
individuals (61, 749). Unlike most other foodborne infections, listeriosis is known

for its severity, and high hospitalization and case fatality rates (58).

Risk assessments of L. monocytogenes indicate that humans are frequently
exposed to the bacteria (51, 128). In fact, it is believed that 5 to 10% of human
population are carriers for L. monocytogenes without exhibiting the illness (57,
149). Typically, to contract listeriosis several simultaneous events need to occur,
such as exposure to large numbers of microorganisms with concurrent
infringement of the intestinal barrier and decreased nonspecific defenses and
immune system response (57). Based on the documented outbreaks throughout
the world mortality rates associated with listeriosis have been reported anywhere
from 13 to 45% (61, 128). Neonates, immunocompromised individuals, elderly
and people with central nervous system infections are known to exhibit the most

severe consequences of the disease (80, 128).
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Initially L. monocytogenes was regarded as an animal pathogen without
mubh connection to the foods. However, in 1981 an outbreak involving coleslaw
in Canada, provided scientific evidence for the first time that L. monocytogenes
contaminated the food and that food was the route of transmission for the
organism (7128). Detailed investigations of outbreaks further confirmed the idea,
and in 1988 the World Health Organization acknowledged that foods are a major
vehicle of transmission for the spread of L. monocytogenes (128). Furthermore,
it is believed that food contamination in food processing facilities can occur as a

result of persistence of L. monocytogenes in food handling areas (74, 30).

1.3 Foods as vehicles for L. monocytogenes

The ease of transmission of Listeria from the environment, animals and
food contact surfaces has resulted in numerous food outbreaks throughout the
world (35, 50, 87, 139, 141, 146). A variety of vegetableé (15), dairy foods (83),
seafood (7110), meat and poultry products (76) have been implicated in outbreaks
of listeriosis that caused costly recalls and had devastating health concerns.

The first documented food outbreak involving L. monocytogenes occurred
in the province of Nova Scotia in 1981 (733). One of the first foodborne
outbreaks described, involved consumption of coleslaw contaminated with L.
monocytogenes (59). The source of contamination was attributed to fertilization
of cabbage with raw manure from mastitic sheep infected with L. monocytogenes
(133). Overall, 41 people were infected, resulting in 17 deaths (733). Following
the outbreak, numerous surveys and testing of produce worldwide revealed that

vegetables such as bean sprouts, cabbage, cucumber, potatoes, radish, tomato,
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and leafy vegetables can harbor L. monocytogenes (15). In 1988, Sizmur and
Walker (138) tested 60 samples of various salads from local stores, containing
bean sprouts, cabbage, celery, sultanas, onion; carrots, lettuce, cucumber,
radish, fennel, leeks, and watercress. Listeria monocytogenes was isolated from
four salads, while L. innocua was found in 13 samples (138). However, in the
late 1980"3, surveys performed in the United States (724) and Canada (52)
which involved testing of lettuce, celery, tomatoes and radishes, found no
detectable L. monocytogenes in any of the vegetable samples. Outbreaks
involving L. monocytogenes with produce have not been common; however,
products such as potato salad have been frequently recalled in various American
states due to suspected Listeria contamination (2, 7). Even though Listeria
outbreaks from consumption of vegetables are not commonly observed, the
potential for contamination and illness still exists. In 2000, multiple cases of
febrile gastroenteritis were observed in 72% of individuals exposed to a
contaminated cold salad of corn and tuna in two Italian towns (70). Experimental
analysis revealed that when stored at 25°C for at least 10 hours, corn supported
the growth of L. monocytogenes (10). |

In addition to produce, contaminated dairy, seafood, and meat products are
important vehicles of transmission for L. monocytogenes. Outbreaks involving
pasteurized whole or 2% milk (54), Mexican-style fresh cheese (8, 94), soft
cheese (22, 24, 62), butter (91, 100), and whipping cream (727) have been

reported in European as well as North American countries. In an outbreak
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involving soft cheese consumption in western Switzerland, 57 cases of listeriosis
were observed, with 32% overall mortality (22).

Contrary to produce and dairy products, where contamination is mostly from
animals and farm environment (715, 16, 81), in the case of meat products,
contamination is most frequently asSociated with production facilities and post-
processing handling (30, 48, 115).

Based on the data collected from 1995 until 2000, The Canadian Listeriosis
Reference Service (LRS) reported approximately 47 to 79 cases of human
listeriosis per year (121). Lee and Middleton (90) conducted a study from 1997
to 2001, investigating sporadic cases of illness in Ontario due to eight enteric
pathogens. They found that 74.0% of the outbreaks were foodborne.
Furthermore, poultry and other meat products accounted for 68.4% of foods
responsible for illness (90). Although the incidence of listeriosis was less than 5
cases per million people, the hospitalization (47.1%) and case-fatality (23.8%)
rates were the highest for Listeria (90). ‘

Eleven states in the United States reported at least 50 listeriosis related
illnesses from August 1998 through January 1999 (27). Hot dogs and deli meats
from one manufacturer were identified as the contaminated products in all the
cases. In this multistate outbreak six adults died and two pregnant women had
spontaneous abortions (27). Similarly, in 2002, an outbreak involving
consurﬁption of contaminated turkey deli meat resulted in 46 confirmed cases of
listeriosis, of which seven people died and three stillbirths or miscarriages

occurred (25). Eight states in the Northeastern part of the United States were

10
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affected by this outbreak. Testing of the intact food product and the processing
environment discovered the presence of L. monocytogenes (25). Furthermore,
genetic fingerprinting analysis showed different patterns for the L.
monocytogenes found in the food sample and for the outbreak strain; however,
two environmental isolates obtained from floor drains were genetically
indistinguishable from the outbreak strain, indicating that the contamination of the
food most likely came from the processing environment (25).

Although data reported by the Foodborne Diseases Active Surveillance
Network (FoodNet), and Centers for Disease Control and Prevention indicate a
decreasing trend for overall incidence of listeriosis in the United States in
comparison to the rates observed from 1996 through1998, the incidence
observed from 2003 through 2006 remained higher than at its lowest point in
2002 (26). In Canada, Iisteﬁosis haé been a reportable disease since 1990 and
generally low infection rates are reported. In 1998 and 1999, rates of 3.4 and 2.5
cases per million people, respectively, were reported (7). Specifically in Alberta,
the rate of 4.1 cases per million people was observed in 1998 and 1999 (7).

Through education, strict regulations and effective monitoring, the food
industry and government authorities throughout the world have resolved to
reduce Listeria contamination of foods, as well as to relieve the economic burden
that Listeria has imposed on society. Although the occurrence of listeriosis can
still be observed throughout the world, it has been noted that wherever active

surveillance is in effect, decreasing rates of listeriosis are recorded (134).
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1.3.1 Incidence of L. monocytogenes in food processing facilities

Food production areas are favorable for the growth of L. monocytogenes
due to the constant flow of water and food ingredients. Contamination of ready-
to-eat products with L. monocytogenes has been Iinked to contamination of food
processing equipment and fbod production environments (30, 97). Due to the
high health risk associated with the presence of L. monocytogenes in cooked
foods, numerous studies have focused on the assessment of overall prevalence
and contamination patterns in food processing facilities. Furthermore,
investigations of the possible transfer of L. monocytogenes from the food
processing environment and equipment to raw, as well as finished food products,
have been the focus of many scientists.

In a study conducted by Lawrence and Gilmour (88), the incidence of
Listeria spp. and L. monocytogenes in a poultry processing environment and
products was investigated over a six-month period. L. monocytogenes was found
in 26% of the samples obtained in the area processing raw poultry and 15% of
the samples were recdvered in the area where cooked poultry products were
handled (88). Overall, 59% of the raw poultry products were contaminated and
while no L. monocytogenes were detected in cooked products, 8% were positive
for other Listeria spp. (88). In addition, some locations in the processing
environment were consistently positive for the presence of L. monocytogenes,
indicating that although none of the tested cooked products were positive for the

bacterium, the potential for contamination existed. Similar trends have been
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observed in other studies that linked outbreaks with the heavy contamination of a
food processing environment.

In an investigation of a nationwide outbreak in the United States that
occurred from July 1998 until April 1999, meat frankfurters and deli meats were
identified as thé likely source of L. monocytogenes infection (7105). The total
number of patients with listeriosis was 108, which led to 14 deaths and four
miscarriages or stillbirths (705). One food processing establishment was
identified as the source of L. monocytogenes outbreak and further testing of the
products collected‘from the facility confirmed the presence of two serotypes, 4b,
which was associated with the outbreak, and 1/2a, which was present in high
numbers in the product but was not asséciated with the infections (705).
Furthermore, it is believed that the outbreak strain had colonized the ceiling
refrigeration unit in one of the rooms where meat was exposed and that removal
of the ceiling refrigeration unit led to increased spread of the bacterium onto
production equipment, environmental surfaces, as well as meat products (705).
Increases in the n‘umber of swabs that tested positive for psychrophilic organisms
following the removal of the refrigeration unit further proves this theory (705).

Similarly, in 2002 consumption of turkey deli meat contaminated with L.
monocytogenes was the cause of an outbreak involving 46 confirmed cases;
three stillbirths or miscarriages and seven deaths (25). It was speculated that the
food processing environment was the source of Listeria contamination since the
outbreak strain and isolates collected from the floor drain shared an

indistinguishable Pulsed-Field Gel Electrophoresis (PFGE) pattern (25).

13

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Jemmi et al. (77) evaluated the prevalence of L. monocytogenes in 425
meat and fish production facilities over a nine-year period. The pathogen was
found in 20.5% of the facilities, of which most had problems with adapted in-
house strains that were difficult to eliminate (77). Adapted strains have been
observed by Chasseignaux et al. (30) for one year in a poultry processing plant
and for four months in a pork processing facility.. A year and a half survey of a
smokehouse in Denmark indicated that one dominant strain persisted in the
environment and accounted for 80% of the isolates (7157). Furthermore, in a
three-year study of the microbial ecology of high-risk, chilled food factories
producing a large range of ready-to-eat meats, Holah et al. (73) observed 14
Listeria spp. ribogroups repeatedly recovered from the same locations in the
processing environment over a prolonged time period.

Not only has persistence of vcertain Listeria spp. been observed in
numerous food processing plants, but transfer of these strains from the food
processing environment and equipment to food products has also been
demonstrated (92, 97). Lin et al. (92) conducted a study to investigate cross-
contamination between processing equipment and deli meats by L.
monocytogenes and showed that the bacterium can be transferred from a
contaminated deli slicer onto meats. Furthermore, contamination of the meat
was correlated with the initial numbers of L. monocytogenes on the slicer, with
oven-roasted turkey products harboring the highest numbers of bacteria due to
rapid growth during refrigeration (92). Their findings also suggest that the degree

of transfer of L. monocytogenes is product dependent, while the detection of the
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organism is dependant on the sample size (92). Therefore, due to the generally
low numbers of Listeria that are present in food (76) and a possible localization in
a Sample (92), it is likely that the number of food samples that test positive for L.
monocytogenes is often underreported.

Similarly, Lundén et al. (97) demonstrated that a dicing machine was a
continuous source of L. monocytogenes contamination in the food processing
area of three different food establishments. Specifically, facility A had problems
with one specific PFGE type of L. monocytogenes in 1997, after which the dicing
machine was transferred to fac‘ility B, and then to facility C. Following the
removal of the dicing machine from facility A, contamination with L.
monocytogenes ceased; however, with the move of dicing machine to facility B,
and subsequently to facility C, contamination with the same L. monocytogenes
PFGE type started to emerge in the facilities (97). The dicing machine used in
these facilities is considered to be a complex type of the equipment with certain
areas that are difficult to reach, clean a.nd properly sanitize. It is believed that
these particular areas are ideal for harboring L. monocytogenes (97).

Reasons for prolonged survival of specific L. monocytogenes strains on
food processing equipment and in the environment are still unclear. Different
hypotheses for persistence have been proposed; however, the lack of evidence
for any particular theory validates the complexity of the issue. It is believed thét a
number of prevailing conditions in food processing facilities play a role in plant

contamination and persistence of L. monocytogenes (97).
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1.3.2 Survival of Listeria spp. in food processing environments

Unlike the majority of strains of Escherichia coli that are generally product
specific (73), it has been observed that persistent Listeria spp. are mostly from
environmental sources (73). Lundén et al. (99) investigated contamination of
three meat and one poultry processing facility focusing on the differences in
persistent and nonpersistent strains of L. monocytogenes. Both types of strains
were found in all of the facilities sampled, with nonpersistent strains recovered
mostly at one sampling site and'persistent strains obtained from a number of
different sampling locations (99). Furthermore, persistent strains were typically
recovered from the processing machines, with some instances of a final product
being contaminated with the same PFGE type of L. monocytogenes that was
found in the processing equipment (99).

Presence of nonpersistent strains in a food processing facility is believed to
be due to entrance via raw materials, personnel, water or air supply (73) and
these strains are generally eradicated with adequate routine cleaning and
sanitation (743). Persistent strains tend to be established in particular
environmental niches and are very difficult to eliminate (73). Specific
characteristics contributing to persistence of a strain are unknown; however, a
few hypotheses have been suggested. Presence of persistent strains in food
processing environments, such as floors, drains, carts, récks, and pi'ocessing
equipment, has been attributed but not limited to inadequate personnel education
regarding the importance of good manufacturing practices, poor cleaning,

improper sanitation, as well as inferior equipment design (48).
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Complex processing machines seem to be the main locations harboring L.
monocytogenes, as certain areas contain micro-spaces in which bacteria can
become imbedded and protected from sanitizers (97). Furthermore, the key
elements in bacterial survival have been attributed to the formation of biofilms,
increased initial attachment, as well as enhanced attachment strength (73).
Some studies have also proposed increased resistance to sanitizers as the
reason for challenges in eradication of persistent strains of L. monocytogenes
(98). Nonetheless, whether it is a physical or genetic adaptation to specific
environmental conditions, poor cleaning and sanitation practices, or decreased
susceptibility to specific sanitizers, persistent strains seem to be a common

occurrence in food processing facilities, and therefore require particular attention.

1.4 Sampling and detection of Listeria spp. in the food processing

environment

Although the risk of contamination by L. monocytogenes can be reduced,
the absolufe elimination of this microorganism from the food processing
environment is hard to achieve. In addition to preventative measures, efficient
sampling methods and reliable and rapid isolation and detéction assays are
extremely important. Sampling of the final food product is generally a priority.
However, for pathogens such as L. monocytogenes, routine sampling of the |

processing environment is of equal importance.
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1.4.1 Sampling methods

Environmental sampling in the food processing sector tends to vary
between different facilities when it comes to materials and procedures. Some of
the important factors affecting the choice of a sampling device include the
efficiency of a sampling method in its ability to recover specific microorganisms,
cost, the time required for assembly or preparation of a sampling kit, and the
ease of handling. It has been established that certain conditions, such as
wetness or dryness of a surface can impact the ability of a swab to remove
bacteria from a surface (23, 111). The material of a swabbing device may have
inhibitory substances or undesirable properties that can result in the decreased
recovery of specific microorganisms (39). Some sampling kits, such as sterile
ready-to-use sponges, are generally convenient and easy to use; however,
certain properties of the sponge material, such as porosity, greatly reduce the
recovery of bacteria (39, 111).

Materials such as cotton tipped swabs may be used in a wide variety of
sampling applications, including swabbing of beef carcass (754), sampling of the
outdoor environment (23), and sampling of food processing establishments (7712);
however, due to the small surface area of the swab, decreased initial microbial
recovery and impracticality for quantitative sampling have been demonstrated
(152). Nonetheless, in sampling of difficult-to-reach areas and small surfaces of
complex processing machines or surfaces with small openings and crevices,
cotton tipped applicators may be more desirable for swabbing than larger

sampling devices.
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In environments where quantitative microbial sampling is required, there is
a need for a larger surface area and a less porous material for the sampling
device in order to maximize the initial recovery of the bacteria from the surface of
interest and increase the chance of the release of bacteria from the sampling
device once the sample is processed. Materials such as one-ply composite
tissues have been evaluated by Vorst et al. (152) in their ability to recover L.
monocytogenes frdm stainless steel surfaces, even when bacteria are present in
small numbers. In comparison to a sterile environmental sponge, a sterile cotton-
tipped swab, and a sterile calcium alginate fiber-tipped swab, the one-ply
composite tissue was superior in recovery of L. monocytogenes organisms (152).

The lack of standard for protocols swabbing for environmental sampling of
food processing facilities limits the extent of comparison of the prevalence of
specific microorganisms in different food processing establishments. Quantitative
sampling tends to be complicated due to difficulties in controlling the
reproducibility and repeatability of the swabbing techniques (772). Moore and
Griffith (112) demonstrated that both swabs and wetting solutions can affect
microbial recovery. Therefore, when choosing a sampling method, properties of
both the sampling device and the wetting solution need to be appropriate for the
recovery of the microorganisms of interest, or microorganisms expected to be

present (112).

1.4.2 Detection methods

The food industry is striving for reduction and possible elimination of

undesirable microorganisms in food; however, when safe manufacturing

19

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



practices fail and broducts become contaminated, there is reliance on methods
for the detection of harmful pathogens. Many foodborne outbreaks are
underreported (118, 128, 129, 151), nevertheless, in those that are reported and
food, fecal or environmental samples are analyzed, rapid and sensitive pathogen
detection methods play a very important role.

Generally, in food processing facilities Listeria spp. are present in low
numbers (76). Furthermore, overgrowth by other Listeria spp. is believed to often
mask the presence of L. monocytogenes (109, 144). In some instances, L.
innocua were found to produce bacteriocins capable of inhibiting the growth of L.
monocytogenes in enrichment cultures (759). For this reason, highly sensitive
and specific detection methods are required for testing of food products and
environmental samples for the presence of bacteria.

Principles for the conventional culture method date back to the 19™ century
and are still relied on today (72). Culture methods were the first assays available
for detection of pathogenic microorganisms and historically they were regarded
as the most reliable methods (20, 42). Culture methods have been considered
the “gold standard” for t»he isolation and identification of Listeria, and even now,
new technologies are evaluated by comparison with the Culture methods (77,
131). A variety of different broths and agar media have been developed for
enric‘hment and selective growth purposes. In the case of Listeria spp., Listeria
enrichment broth (LEB) (720), Half-Fraser broth (HFB), and University of
Vermont (UVM) (4) broths are commonly used for primary enrichment. Fraser

broth (FB) is generally used for selective enrichment following the primary
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enrichment (4, 120). Further isolation is typically performed by plating the
selective enrichment broth samples onto different solid media. Some of the
agars used for identification of Listeria spp. are Oxford agar with or without
different modifications, PALCAM agar, lithium chloride-phenylethanol-
moxalactam medium (LPM), as well as somé of the novel chromogenic agars
(120), such as Harlequin™ Listeria chromogenic agar, Oxoid (OCLA) (155) and
ALOA chromogenic agars (150). Presumptive Listeria colonies are further
purified on different blood media, such as sheep or horse agars, or non-selective
media such as tryptose and trypticase soy agars, as well as in some broths (e.g.
brain heart infusion). Confirmation of presumptive colonies of Listeria can be
done by tests for motility, carbohydrate utilization, Gram stain, catalase, CAMP
test, rapid identification kits that differentiate Listeria species, as well as different
serology tests (4, 120).

| Numerous improvements of culture methods have been observed; however,
the process is still laborious and time consuming, since it relies on the growth
rate of microorganisms. Movement towards automation has been seen in
systems such as ISO-GRID, Redigel® and Easygel®, SimPlate®, and Petrifilm™,
to reduce labor inputs. The ISO-GRID method with LM-137 agar resulted in
significantly higher recovery of L. monocytogenes from a variety of meat
products, pasteurized and raw milk, shrimp, and environmental swab samples
(49) compared to most probable number procedures with enrichment methods
published by the U.S. Department of Agriculture, the Association of Official

Analytical Chemists International and the U.S. Food and Drug Administration.
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The Petrifilm™ Environmental Listeria plate method has been reported as rapid,
accurate, highly specific and sensijtive method in a few studies (65, 760), with no
significant difference in detection of L. monocytogenes recovered from inoculated
environmental surfaces when compared to the U.S. Department of Agriculture
Food Safety and Inspection Service method (66). Regardless of time and labor
drawbacks of culture methods, they are still relatively cost-effective and easy to
perform, with the latter characteristics being the key factors for some food
industries (63).

Nonetheless, for products with a short storage life there is a need for rapid
pathogen detection methods so that prompt results and a timely response to
potential food safety issues can be achieved. As a result, a great deal of
research has focused on the development of rapid and reliable technologies for
detection of pathogens in both food and environmental samples. Presently,
pathogenic microbes can be detected using biochemical, physicochemical, as
well as nucleic acid based technologiesi( 142).

The ability to amplify very small amounts of specific DNA sequences, using
various polymerase chain reaction (PCR) methods has revolutionized the way
pathogens are detected and analyzed. With this enormous leap into the next
technological phase there is also a challenge of how to integrate the innovative
methods into everyday use in food processing facilities. Foods are known to be
complex and vary in their composition, which can subsequently have an effect on
these novel technologies. These challenges need to be carefully considered

when choosing the appropriate pathogen detection method. In fact, the methods
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need to be able to detect the pathogen of interest in the presence of other
micrborganisms and food components.. Hindrances, such as a competitive
microflora and food particles, are especially prominent in environmental samples
obtained from food processing facilities. Detection methods often need to be
able to detect very small numbers of target pathogens in a short amount of time
(34). |

Nucleic acids, such as DNA and RNA, are used in genetic techniques for
detection of pathogenic microorganisms due to the fact that the specific
sequence of the target gene can give the information required fo identify the type
of microorganism it came from (70). In contrast to most conventional detection
methods, PCR does not always require the viability of microorganisms, therefore,
culturing of the bacteria is frequently omitted. As a result, the time factor is
significantly decreased (742). In addition, a minimal amount of material is
required for identification, with detection capabilities of as low as one molecule of
target DNA (742). The BAX® system by DuPont Qualicon, is an example of an
automated PCR system, ythat can be used for the detection of various
microorganisms. Studies have reported sensitivity rates ranging from 84.8% (72)
to 100% (13) for testing L. monocytogenes in raw fish materials and cold smoked
vacuum packed salmon, respectively. Similarly, specificity rates have been
observed from 84.9% (131) for detection of L. monocytogenes in equipment
swabs from a chicken nugget processing facility to 100% (72) when raw fish

samples are tested.
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Use of other types of PCR-b?sed methods for detection of Listeria spp.
have also been reported in the literature as excellent alternatives to culture
methods. Lawrence and Gilmour (88) evaluated a multiplex PCR technique for
confirmation of Listeria spp. and L. monocytogenes in poultry and environmental
samples obtained from food processing areas and concluded that this method is
highly convenient, specific, and rapid for detection of Listeriae. For naturally
contaminated samples obtained by swabbing environmental surfaces in food
processing environments, due to generally low numbers of L. monocytogenes
present, an enrichment step may be necessary (71). In a study performed by
Aznar and Alarcon (11), L. monocytogenes had to be present in a sample in at
least 10° CFU g™ to be detected by PCR following a DNA extraction method.
Although PCR-based methods are generally sensitive and rapid, at least one
type of enrichment prior to the analysis is desirable followed by confirmation
protocols (53). Additionally, highly skilled personnel are typically required to
perform the tests, which may be a drawback for the routine use in the food
industry setting.

In addition to PCR assays, specific antibodies that target surface antigens
can be used as means of detection of different bacterial pathogens (34, 153). By
labeling antibodies with fluorescent molecules or radiocisotopes, bacteria can be
successfully detected in food and environmental samples (34). Some of the
common methods based on the antibody techniques are immunoprecipitation
and immunofluorescent methods, enzyme linked immunosorbent assay (ELISA),

as well as different variants of ELISA methods (34).
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The Reveal® test is an example of a combination of technologies for the
detection of bacteria in different samples. I’n addition to immunoassay,
chromatography is incorporated into lateral flow devices to enable rapid and
accurate results in one step (6). Similarly, the RapidChek™ Listeria lateral flow
test uses a double antibody sandwich format based on antibodies specific to
Listeria (9). If Listeria spp. are present the antibody complexes form resulting in

- a colored line in the test window of the device (9). In Oxoid’s Listeria Rapid Test
kit- Clearview™, flagellar antigen B common to Listeria species, with the

| exception of L. grayi, is used to identify the presence of Listeria in a sample
(153). The test device of the Clearview™ system is similar to Reveal® and
RapidChek™ where a colored line in the test device window indicates a positive
result. Rbdrigues et al. (131) reported sensitivity and specificity values of 98.5%
and 100%, respectively, for the Listeria Rapid Test Clearview™ for detection of
the bacteria in product and environmental samples obtained from a chicken
nugget processing plant.

Testing of the processing environment for the presence of Listeria spp. is a
relatively new development and although a variety of rapid detection methods
exists, the lack of direct comparison of the technologies makes it difficult for food

| producers to decide on the most appropriate and practical method to meet the

needs of their facility.

1.5 Listeria biofilms

Biofilms are communities of microorganisms attached to a surface and

embedded in a protective and adhesive matrix of extracellular polysaccharides of
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their own making (779). These complex aggregations of microorganisms have
been observed on numerous surfaces such as living tissues, medical devices,
industrial and potable water pipes, as part of natural aquatic systems, as well as
on floors, drains, pipes, séals, conveyor belts, and almost all surfaces found in
food processing facilities (86, 1779). Similar to human communities, bacterial
biofilms are very complex in nature. Biofilms can be comprised of a single
microbi‘al species, which is often the case with medical device{s biofilms, or they
can involve multiple microbial species living with each other (i.e. biofilms found in
environmental systems). However, regardless of the number of species involved,
all biofilms have been observed to exhibit a similar formation cycle, usually
comprised of initiation of attachment, early irreversible attachment, maturation,

followed by detachment and return to a planktonic state (779).

When residing in biofilms, bacteria are believed to be relatively sheltered
and protected from t‘he environment (40). In addition, there is a greater
availability of nutrients due to the elaborate biofilm architecture, as well as a
certain degree of metabolic cooperativity and exchange of genetic material,
increasing the chance of survival. As a result, many bacterial species have
adapted to life in biofilm consortia (40). One of the first and most studied biofilm
formers is Pseudomonas aeruginosa, which is frequently associated with
recurring infections in cystic fibrosis patients (38, 57). More recently, increasing
numbers of studies involving L. monocytogenes biofilms have been conducted
due to L monocytogenes pathogenic nature, abundance in the environment, and

its ability to readily form biofilms (33, 44, 67).
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Different species of bacteria are known to have different biofilm
architectures and the processes occurring within the biofilm community are
relatively complex and éoordinated (40). Generally, to form biofilms, bacteria
require mechanisms for positioning and attachment, with common ones including
flagella, surface translocations, synthesis of cellulose and production of fibrous
pellicles, modulation of density, magnetosomes, and aggregation (40). Once the
bacteria are attached, formation of monolayers followed by production of
extracellular polysaccharides and microcolonies results in maturation of the

consortium (40).

1.5.1 Listeria spp. biofilms in the food industry

Formation of Listeria spp. biofilms in the environment of food processing
facilities poses a risk for a product contamination, especially if L. monocytogenes
cells become detached from a biofilm and reach the final food product.
Furthermore, if all the soil and food particles are not removed from a surface and
inadequate sanitation takes place, biofilms can continue to expand and result in
recurring contamination of food products. Nature of the bacterium, attachment
properties and microbial levels can affect the contamination pattern of different
surfaces within food processing facilities (708, 116). It has been confirmed in a
number of studies that L. monocytogenes strains differ in their ability to attach

~ and form biofilms on different types of surfaces (565, 101, 104, 116, 140).
Different attachment properties and biofilm formation have been observed among
the same L. monocytogenes serogroups (18, 43, 55, 116). Folsom et al. (55) and

Borucki et al. (18) reported that the serogroup 1/2 of L. monocytogenes
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produces more biofilm under decreased nutrient levels when compared to the 4b
serogroup. Accordingly, serogroup 1/2 of L. monocytogenes is most commonly
recovered from food processing facilities (18, 55). In contrast, when it comes to
adherence properties Norwood and Gilmour (776) obsérved significantly greater
adherence of the 4b serotype of L. monocytogenes to stainless steel surfaces
compared to the 1/2a serotype. Additionally, Mereghetti et al. (106)
demonstrated that strains of L. monocytogenes serogroup 1/2 have higher
minimum inhibitory concentrations for QAC-based sanitizers, benzalkonium
chloride and cetrimide than the serogroup 4 strains. The discrepancies in biofilm
formation of the same L. monocytogenes strains when studied under different
conditions (718, 43, 55) lead to the conclusion that L. monocytogenes is highly
adaptive, and that some strains can form biofilms under a great variety of
environmental conditions (55). Furthermore, it is highly probable that the
interstrain differences in adherence properties are due to factors intrinsic to each
strain of L. monocytogenes (116).

Although it has been observed that L. monocytogenes represents 1% of the
total population when grown in multispecies biofilms on stainless steel, incubation
at 10°C for 25 days with a competing microflora comprised of Flavobacterium
sp., Pseudomonas sp., and Bacillus sp. did not hinder the growth of L.
monocytogenes markedly (78). The ability of L. monocytogenes to survive and
even grow in a hostile environment, such as at refrigeration temperatures and in
the presence of competing microflora emphasized the need for increased

awareness and more rigorous control measures. The presence of Listeria
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monocytogenes may often be masked by the competing microflora (76, 78). The
nature of the bacterium and the numerous studies investigating the presence of
Listeria spp. in food processing facilities and in various food products suggest
thét the incidence of Listeria spp., and L. monocytogenes in particular, in food
processing environments is rather high.

It is difficult to determine whether the presence of the Listeria spp. adhered
to surfaces in food processing areas is due to specific properties of certain
strains or factors that can be controlled by preventative measures and good
manufacturing practices. In a study performed by Jessen and Lammert ( 79); it
was shown that removal of biofilms from food processing surfaces cannot be
accomplished by a single treatment or a specific detergent and a sanitizer, but
rather that physical cleaning was more appropriate for eradication of biofilms.
Furthermore, an additional sanitation step prior to swabbing the surfaces only
marginally decreases bacterial counts, and does not improve the overall hygienic
standard (79).

The formation of microbial communities is a complex occurrence comprised
of several different steps. Itis understandable that such intricate development
requires multiple steps and interventions for biofilms to be eliminated from food
processing environments. More importantly, constant monitoring and validation
of the cleaning and sanitation protocols is necessary for control of microbial

biofilms.
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1.6 Susceptibility of Listeria spp. to sanitizers

Sanitizers were initially introduced to reduce and/or eliminate certain
bacterial populations from areas where these microorganisms were not desirable.
When persistent microorganisms were discovered in spite of cleaning and
sanitation, certain issues needed to be addressed (7617). Initially, the persistence
was attributed to inadequate cleaning and sanitation practices (41, 73).

However, the discovery of mutant strains that are able to survive even when
exposed to sanitizer concentrations previously thought to be lethal (41, 73),
suggested that there was a correlation between biofilms and decreased
susceptibility to sanitizers (117, 122). Subsequently, the quest to understand
why certain bacteria are more or less resistant to specific sanitizers began.
Numerous studies have focused on the testing of different sanitizers against both
planktonic and sessile bacteria. However, it is difficult to compare the results of
these studies due to the inconsistency of experimental designs. As a result,
some studies report resistance to sanitizers while others refute it.

Chavant et al. (37) investigated the antimicrobial effects of the common
sanitizers (e.g. acétic acid, NaOH, Na»S0O4, Quaternary ammonium compound
(QAC)-based sanitizer, and glyceryl rﬁonollaurate) against L. monocytogenes
grown as planktonic cells or as a biofilm. They observed that alkaline sanitizers
were more effective than the other sanitizers in reducing the population of slightly
more resistant strains of L. monocytogenes grown in a biofilm grdwn for six hours
(31). Similarly, the QAC was bactericidal for more than 98% of cells, but some

resistance was observed with biofilms grown for seven days (37). The other
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sanitizers were not as efficient in killing the pathogen, and differences in
effectiveness against planktonic and sessile cells were not observed (31).

Aase et al. (3) observed that 10% of the strains of L. monocytogenes that
they tested were resistant to benzalkonium chloride (i.e. QAC-based sanitizer).
Furthermore, they demonstrated that the strains that were resistant to the
sanitizer possessed a proton motive force (pmf)-dependent efflux pump, which
allowed them to evade ethidium bromide action as well (3). Heir et al. (69)
observed higher resistance to QAC among isolates recovered from a meat
processing facility when compared to human isolates. Similarly, Earnshaw and
Lawrence (47), demonstrated differences in sensitivities to three different
sanitizers of individual strains of L. monocytogenes obtained from poultry
processing facilities. However, overall logarithmic reduction for the genotypes
that persisted in the processing environment was comparable to those that
occurred on a more sporadic and short-term basis. This is in agreement with
results reported by Holah et al. (74) who also found no difference in the
resistance of sporadic or persistent strains of L. monocytogehes and E. coli
isolated from a variety of food processing facilities. Earnshaw and Lawrence (47)
proposed that persistence in the food processing environment is not a result of
inherent resistance but the enhanced ability to adhere for some strains may play
an important role in decreased susceptibility to sanitation procedures (102, 108,
161). These findings are in agreement with data provided by Krysinski et al. (85)
who evaluated a variety of chemical cleaning and sanitizing compounds to

determine their efficacy against L. monocytogenes that can adhere to surfaces.
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Krysinski et al. (85) observed that acidic QAC, chldrine dioxide and peracetic acid
were the most effective against attached bacteria, while some of the more
common sanitizers used in food processing facilities, such as chlorine, iodophors
and neutral QAC, were the least effective. In addition, resistance of adherent
cells to sanitizers was found to be dependent on the type of surface studied, with
polyester/polyurethane surfaces being the mbst difficult to clean, followed by
polyester alone, and stainless steel (85). Nonetheless, the common theme
indicates that cleaning must precede sanitizing in order to effectively eliminafe

attached cells, regardless of the type of sanitizer used.

1.6.1 Role of biofilms in microbial resistance to sanitizers

Once the bacteria adhere and form biofilms, they become more difficult to
remove mechanically from surfaces and they may become resistant to sanitizers
(60, 96, 107). The decreased susceptibility of bacteria to sanitizers has also
been attributed to phenotypic adaptation, genetic alterations and gene
acquisitions (29). Mechanisms known to be ihvolved in antibiotic resistance have
been speculated to play a role in sanitizer resistance (29). In addition, cross-
resistance and co- resistance of sanitizer-resistant bacteria to antibiotics has
been observed in some instances, however, it is still an area that requires
extensive research (29, 60). Nonetheless, it has been demonstrated that
bacteria in biofilms differ both morphologically and genetically from planktonic
cells (30-32, 60, 82, 136). The extent to which these distinct characteristics are
important in the survival of bacteria when exposed to sanitizers is still rather

unclear.
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One of the main reasons that biofilms allow survival of bacteria has been
attributed to the tightly packed network of bacteria and exopolysaccharides that
create a barrier to antimicrobial substances (19, 60). Furthermore, it is believed
that bacteria are more resistant to the uptake of toxic substances when they are

| starving due to decreased growth rate and altered physiology (79). It has been
speculated that in addition to the fact that certain types of surfaces are more
prone to harboring bacteria (14, 102), the attachment surface provides further
protection by exposing only one side of the microorganism to the sanitizer (79,
89). This theory sohewhat explains the reason why bacteria become more
susceptible to sanitizers once they leave the biofilm consortium; in fact their
susceptibility tends to be equivalent to that of planktonic microorganisms (56).

LeChevallier et al. (89) showed that the growth medium, temperature and
age of biofilms can affect resistance to sanitizers. Biofilms grown for seven days
were more resistant to chlorine than biofilms cultivated under the same .
conditions for two days (89). Additionally speculations that low-nutrient medium
can result in changes to the bacterial cell membrane, which in turn can decrease
susceptibility to sanitizers, has been suggested (89).

Many theories have been developed to explain the increased resistance to
sanitizers of bacteria in biofilms but there is a lack of evidence that one factor
contributes more to resistance than another. It is apparent that the behavior of
bacteria in communities and the general properties of biofilms are complex

issues. As a result, the approach to the control and removal of undesirable
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biofilms, especially in the food processing sector, requires multiple interventions

and close monitoring.

1.7 Project objectives

A variety of sampling methods for recovery of bacteria from processing
environments have been individually evaluated; however, to our knowledge a
direct comparison of the methods using a large number of naturally contaminated
samples from food processing environments has not been reported. Even
though efficiency is essential, very often time, cost, and ease of handling are
important factors when selecting a sampling method. To address these issues,
the first objective of the project was to evaluate three sampling methods for the
recovery of Listeria spp. from the environment of two food processing facilities.
Over a period of five months the efficiency of the sampling methods, time and the

labor requirements were assessed.

Even if an excellent sampﬁng method is practiced in a food processing
establishment, the detection of a pathogen is highly dependent on a method of
detection. Traditionally, for the isolation and idehtification of Listeria,
conventional culture methods have been most commonly used and consequently
are considered to be the most reliable. This is demonstrated with their use in
investigations of food outbreaks (42, 105). However, culture assays are time
consuming and laborious. As a result, the food industry is in need of innovative,
user friendly and rapid assays for pathogen detection. Therefore, the second
phase of the project was to compare three rapid, commercially available

detection methods to the conventional culture method. Environmental samples
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from meat processing faéilities were collected and analyzed for presence of
Listeria spp. to assess the sensitivity and specificity of each detection method.
Knowledge of the ecology of Listeria in the food processing chain is important to
allow the industry to address probable sources of contamination for different
strains of Listeria that may have different food safety implicatibns. In addition,
the occurrence and distribution of Listeria spp. were assessed in the meat

processing facilities.

The third objective of the study focused on persistent and nonpersistent
strains of Listeria and their behavior when exposed to different concentrations of
two sanitizers. Following the environmental sampling strains of L.
monocytogenes were analyzed, and genetic variability of strains was determined
as a separate project. Based on genotyping with pulsed field gel electrophoresis
(PFGE) persistent and nonpersistent strains were identified for use in this study.
Two persistent and two nonpersistent strains and L. monocytogenes ATCC
19115 were grown both in a planktonic phase and as biofilms to observe the
differences in their behavior when exposed to different concentrations of two

sanitizers used in food processing environments.

35

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



1.8 Literature cited

1. Anonymous. 2006. Notifiable disease incidence by year, 1989-2004.
Public Health Agency of Canada. Available at: http://dsol-smed.hc-
sc.gc.ca/dsol-smed/ndis/c_time e.html. Accessed 8 August 2007.

2. Anonymous. 2006. Shernoff's Salad, Inc., recalls potato salad. Available
at: http://www.fda.gov/oc/po/firmrecalls/Shernoff06 06.html Accessed on
13 June 2007.

3. Aase, B., G. Sundheim, S. Langsrud, and L. M. Rarvik. 2000. Occurrence
of and a possible mechanism for resistance to a quaternary ammonium
compound in Listeria monocytogenes. Int. J. Food Microbiol. 62:57-63.

4.  Anonymous. 2006. Guidebooks and Methods. Microbiology Laboratory
Guidebook. Isolation and identification of Listeria monocytogenes from red
meat, poultry, egg and environmental samples. MLG 8.05. United States
Department of Agriculture, Food Safety and Inspection Service, Office of
Public Health Science, Laboratory Quality Assurance Division. Available
at: http://www.fsis.usda.qov/PDF/MLG 8 05.pdf. Accessed 1 August
2007, 2007.

5. Anonymous. 1994. International Commission on Microbiological

. Specification for Foods. Choice of sampling plan and criteria for Listeria
monocytogenes. Int. J Food Microbiol, 22:89-96.

6. Anonymous. Lateral flow immunochromatic assays. Available at:
http://www.neogen.com/FoodSafety/pdf/L F Diagram.pdf. Accessed 13
August, 2007. ‘

7. Anonymous. 2007. MDA issues consumer advisory on potato salad.
Available at: http://www.fda.gov/oc/po/firmrecalls/mda03 07.html
Accessed on 13 June 2007.

8. Anonymous. 2001. Outbreak of listeriosis associated with homemade
Mexican-style cheese--North Carolina, October 2000-January 2001.
MMWR Morb. Mortal. Wkly. Rep. 50:560-562.

9. Anonymous. 2004. RapidChek™ Listeria species user guide. Strategic
Diagnostics Inc. Available at:
http://www.sdix.com/PDF/Products/7000171%20User%20Guide%20Listeri
a%20v4.doc. Accessed 13 August, 2007.

10. Aureli, P., G. C. Fiorucci, D. Caroli, G. Marchiaro, O. Novara, L. Leone,
and S. Salmaso. 2000. An outbreak of febrile gastroenteritis associated
with corn contaminated by Listeria monocytogenes. N. Engl. J. Med.
342:1236-1241.

11.  Aznar, R., and B. Alarcén. 2003. PCR detection of Listeria
monocytogenes: a study of multiple factors affecting sensitivity. J. Appl.
Microbiol. 95:958-966.

12. Batt, C. A. 1997. Molecular dlagnostlcs for dairy-borne pathogens. J. Dalry
Sci. 80:220-229.

36

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.


http://dsol-smed.hc-
http://www.fda.qov/oc/po/firmrecalls/Shernoff06
http://www.fsis.usda.gov/PDF/MLG
http://www.neoqen.eom/FoodSafetv/pdf/L
http://www.fda.qov/oc/po/firmrecalls/mda03
http://www.sdix.com/PDF/Products/7000171%20User%20Guide%20Listeri

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

Becker, B., S. Jordan, and W. H. Holzapfel. 2005. Rapid and specific
detection of Listeria monocytogenes in smoked salmon with BAX-PCR.
Food Control 16:717-721.

Beresford, M. R., P. W. Andrew, and G. Shama. 2001. Listeria
monocytogenes adheres to many materials found in food-processing
environments. J. Appl. Microbiol. 90:1000-1005.

Beuchat, L. R. 1996. Listeria monocytogenes: incidence on vegetables.
Food Control 7:223-228.

Beuchat, L. R. 1996. Pathogenic microorganisms associated with fresh
produce. J. Food Prot, 59:204-216.

Bohaychuk, V. M., G. E. Gensler, R. K. King, J. T. Wu, and L. M.
McMullen. 2005. Evaluation of detection methods for screening meat and
poultry products for the presence of foodborne pathogens. J. Food Prot.
68:2637-2647.

Borucki, M. K., J. D. Peppin, D White, F. Loge, and D. R. Call. 2003.
Variation in blOfIlm formation among strains of Listeria monocytogenes.
Appl. Environ. Microbiol. 69:7336-7342.

Bower, C. K., J. McGuire, and M. A. Daeschel. 1996. The adhesion and
detachment of bacteria and spores on food-contact surfaces. Trends Food
Sci. Technol. 7:152-157.

Brackett, R. E., and L. R. Beuchat. 1989. Methods and media for isolation
and cultivation of Listeria monocytogenes from various foods. Int. J. Food
Microbiol. 8:219-223.

Braun, L., H. Ohayon, and P. Cossart. 1998. The InIB protein of Listeria
monoctyogenes is sufficient to promote entry into mammalian cells. Mol.
Microbiol. 27:1077-1087.

Bula, C. J., J. Bille, and M. P. Glauser. 1995. An epidemic of foodborne
listeriosis in Western Switzerland: Description of 57 cases involving adults.
Clin. Infect. Dis. 20:66-72.

Buttner, M. P., P. Cruz, L. D. Stetzenbach, A. K. Klima-Comba, V. L.
Stevens, and P. A. Emanuel. 2004. Evaluation of the biological sampling
kit (BiSKit) for large-area surface sampling. Appl. Environ. Microbiol.
70:7040-7045.

Carrique-Mas, J. J., |. Hokeberg, Y. Andersson, M. Arneborn, W. Tham,
M.-L. Danielsson-Tham, B. Osterman, M. Leffler, M. Steen, E. Eriksson,
and J. Giesecke. 2003. Febrile gastroenteritis after eating on-farm
manufactured fresh cheese - an outbreak of listeriosis? Epidemiol. Infect.
130:79-86.

Centers for Disease Control and Prevention (CDC). 2002. Outbreak of
listeriosis-- northeastern United States 2002. MMWR Morb. Mortal. Wkly.
Rep. 51:950-951.

Centers for Disease Control and Prevention (CDC). 2007. Preliminary
FoodNet data on the incidence of infection with pathogens transmitted
commonly through food- 10 States, 2006. MMWR Morb. Mortal. Wkly.
Rep. 56:336-339.

37

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

Centers for Disease Control and Prevention (CDC). 1999. Update:
multistate outbreak of listeriosis-- United States, 1998-1999. MMWR Morb.
Mortal. Wkly. Rep. 47:1117-1118.

Chakraborty, T., M. Leimeister-Wachter, E. Domann, M. Hartl, W. Goebel,
T. Nichterlein, and S. Notermans. 1992. Coordinate regulation of virulence
genes in Listeria monocytogenes requires the product of the prfA gene. J.
Bacteriol. 174:568-574.

Chapman, J. S. 2003. Disinfectant resistance mechanisms, cross-
resistance, and co-resistance. Int. Biodeterior. Biodegrad.: Hygiene
Disinfect. 51:271-276.

Chasseignaux, E., M.-T. Toquin, C. Ragimbeau, G. Salvat, P. Colin, and
G. Ermel. 2001. Molecular epidemiology of Listeria monocytogenes
isolates collected from the environment, raw meat and raw products in two
poultry- and pork-processing plants. J. Appl. Microbiol. 91:888-899.
Chavant, P., B. Gaillard-Martinie, and M. Hebraud. 2004. Antimicrobial

. effects of sanitizers against planktonic and sessile Listeria monocytogenes

cells according to the growth phase. FEMS Microbiol. Lett. 236:241-248.
Chavant, P., B. Martinie, T. Meylheuc, M.-N. Bellon-Fontaine, and M.
Hebraud. 2002. Listeria monocytogenes LO28: surface physicochemical
properties and ability to form biofilms at different temperatures and growth
phases. Appl. Environ. Microbiol. 68:728-737.

Chmielewski, R. A. N., and J. F. Frank. 2003. Biofilm formation and control
in food processing facilities. Compr. Rev. Food Sci. Food Safety 2:22-32.
Churchill, R. L. T., H. Lee, and J. C. Hall. 2006. Detection of Listeria
monocytogenes and the toxin listeriolysin O in food. J. Microbiol. Methods
64:141-170.

Colak, H., H. Hampikyan, B. Ulusoy, and E. B. Bingol. 2007. Presence of
Listeria monocytogenes in Turkish style fermented sausage (sucuk). Food
Control 18:30-32.

Collins, M. D., S. Wallbanks, D. J. Lane, J. Shah, R. Nietupski, J. Smida,
M. Dorsch, and E. Stackebrandt. 1991. Phylogenetic analysis of the genus
Listeria based on reverse transcriptase sequencing of 16S rRNA. Int. J.
Syst. Bacteriol. 41:240-246.

Cossart, P., and H. Bierne. 2001. The use of host cell machinery in the
pathogenesis of Listeria monocytogenes. Curr. Opin. Immunol. 13:96-103.
Costerton, J. W. 2001. Cystic fibrosis pathogenesis and the role of biofilms
in persistent infection. Trends Microbiol. 9:50-52.

Daley, E. F., F. Pagotto, and J. M. Farber. 1995. The inhibitory properties
of various sponges on Listeria spp. Lett. Appl. Microbiol. 20:195-198.
Davey, M. E., and G. A. O'Toole. 2000. Microbial biofilms: from ecology to
molecular genetics. Microbiol. Mol. Biol. Rev. 64.:847-867.

Davidson, M. P., and M. A. Harrison. 2002. Resistance and Adaptation to
Food Antimicrobials, Sanitizers, and Other Process Controls. Food
Technol. 56:69-78.

38

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



42.

43.

44,

45.

46.

47.

48.

49.

50.
51.

52.

53.

54.

55.

56.

57.

Dever, F. P., D. W. Schaffner, and P. J. Slade. 1993. Methods for the
detection of foodborne Listeria monocytogenes in the U.S. J. Food Safety
13:263-292.

Djordjevic, D., M. Wiedmann, and L. A. McLandsborough. 2002. Microtiter
plate assay for assessment of Listeria monocytogenes biofilm formation.
Appl. Environ. Microbiol. 68:2950-2958.

Donlan, R. M. 2002. Biofilms: Microbial life on surfaces. Emerg. Infect.
Diseases 8:881-890.

Dramsi, S., and P. Cossart. 2003. Listeriolysin O- mediated calcium influx
potentlates entry of Listeria monocytogenes into human Hep—2 epithelial
cell line. Infect. Immun. 71:3614-3618.

Dussurget, O., J. Pizzaro-Cerda, and P. Cossart. 2004. Molecular
determinants of Listeria monocytogenes virulence. Annu. Rev. Microbiol.
58:587-610.

Earnshaw, A. M., and L. M. Lawrence. 1998. Sensitivity to commercial
disinfectants, and the occurrence of plasmids within various Listeria
monocytogenes genotypes isolated from poultry products and the poultry
processing environment. J. Appl. Microbiol. 84:642-648.

. El-Shenawy, M. A. 1998. Sources of Listeria spp. in domestic food

processing environment. Int. J. Environ. Health Res. 8:241-251.

Entis, P., and I. Lerner. 2000. Twenty-four-hour direct presumptive
enumeration of Listeria monocytogenes in food and environmental
samples using the ISO-GRID method with LM-137 agar. J. Food Prot.
63:354-363.

Farber, J. M., and J. Harwig. 1996. The Canadian position on Listeria
monocytogenes in ready-to-eat foods. Food Control 7:253-258.

Farber, J. M., and P. |. Peterkin. 1991. Listeria monocytogenes, a food-
borne pathogen. Microbiol. Rev. 55:476-511.

Farber, J. M., G. W. Sanders, and M. A. Johnston. 1989. A survey of
various foods for the presence of Listeria species. J. Food Prot. 52:456-
458.

Firstenberg-Eden, R., and L. A. Shelef. 2000. A new rapid automated
method for the detection of Listeria from environmental swabs and
sponges. Int. J. Food Microbiol. 56:231-237.

Fleming, D. W., S. L. Cochi, K. L. MacDonald, J. Brondum, P. S. Hayes, B.
D. Plikaytis, M. B. Holmes, A. Audurier, C. V. Broome, and A. L. Reingold.
1985. Pasteurized milk as a vehicle of infection in an outbreak of

_ listeriosis. N. Engl. J. Med. 312:404-407.

Folsom, J. P., G. R. Siragusa, and J. F. Frank. 2006. Formatlon of biofilm
at different nutrlent levels by various genotypes of Listeria
monocytogenes. J. Food Prot. 69:826-834.

Frank, J. F., and R. A. Koffi. 1990. Surface-adherent growth of Listeria
monocytogenes is associated with increased resistance to surfactant
sanitizers and heat. J. Food Prot. 53:550-554.

Fux, C. A., J. W. Costerton, P. S. Stewart, and P. Stoodley. 2005. Survival
strategies of infectious biofilms. Trends Microbiol. 13:34-40.

39

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



58.

59.

60.

61.

62.
63.

64.

65.

66.

67.

68.

69.

70.

Gandhi, M., and M. L. Chikindas. 2007. Listeria: A foodborne pathogen
that knows how to survive. Int. J. Food Microb. 113:1-15.

Gibbons, I, A. Adesiyun, N. Seepersadsingh, and S. Rahaman. 2006.
Investigation for possible source(s) of contamination of ready-to-eat meat
products with Listeria spp. and other pathogens in a meat processing plant
in Trinidad. Food Microbiol. 23:359-366.

Gilbert, P., D. G. Allison, and A. J. McBain. 2002. Biofilms in vitro and in
vivo: do singular mechanisms imply cross-resistance? J. Appl. Microbiol.
Symposium Supplement 92:98S-1108S.

Gouin, E., J. Mengaud, and P. Cossart. 1994. The virulence gene cluster
of Listeria monocytogenes is also present in Listeria ivanovii, an animal
pathogen, and Listeria seeligeri, a nonpathogenic species. Infect. Immun.
62:3550-3553.

Goulet, V., C. Jacquet, V. Vaillant, |. Rebiere, E. Mouret, C. Lorente, E.
Maillot, F. Stainer, and J. Rocourt. 1995. Listeriosis from consumption of
raw-milk cheese. Lancet 345:1581-1582.

Gracias, K. S., and J. L. McKillip. 2004. A review of conventional detection
and enumeration methods for pathogenic bacteria in food. Can. J.
Microbiol. 50:883-890.

Gray, M. L., and A. H. Killinger. 1966. Listeria monocytogenes and listeric
infections. Bacteriol. Rev. 30:309-382.

Groves, E., and C. W. Donnelly. 2005. Comparison of 3M™ Petrifilm™
environmental Listeria plate vs. standard methods in detecting Listeria
from environmental surfaces. Presented at the International Association
for Food Protection annual meeting, Baltimore, MD. 68., Sup.A:66-192.
Groves, E., D. G. Nyachuba, and C. W. Donnelly. 2006. Comparison of
3M™ Petrifim™ Environmental Listeria plates with selective enrichment
methods for the detection and recovery of Listeria monocytogenes on
environmental surfaces. Presented at the FDA Science Forum,
Washington, DC.

Hall-Stoodley, L., J. W. Costerton, and P. Stoodley 2004. Bacterial
Biofilms: From the natural environment to infectious diseases. Nature Rev.
Microbiol. 2:95-108.

Health Canada. 2004. Policy on Listeria monocytogenes in ready-to-eat
foods. Food Directorate, Health Products and Food Branch, Health
Canada. Available at: http://www.hc-gc.cal/fn-

an/legislation/pol/policy listeria_monocytogenes politique toc e.html.
Accessed 15 March 2007.

Heir, E., B.-A. Lindstedt, O.-J. Rotterud, T. Vardund, G. Kapperud, and T.
Nesbakken. 2004. Molecular epidemiology and disinfectant susceptibility
of Listeria monocytogenes from meat processing plants and human
infections. Int. J. Food Microb. 96:85-96.

Hill, W. E., and K. C. Jinneman. 2000. Principles and applications of
genetic techniques for detection, identification, and subtyping of food
associated pathogenic microorganisms., p. 1813-1837. In B. M. Lund, T.

40

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.


http://www.hc-qc.ca/fn-

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

C. Baird-Parker, and G. W. Grahame (ed.), Microbiological Safety and
Quality of Food, vol. 1-2. Springer-Verlag, New York.

Hitchins, A. D. 1998. Detection and enumeration of Listeria
monocytogenes in foods. Bacteriological Analytical Manual Online.
Chapter 10. U.S. Food and Drug Administration. Center for Food Safety

-~ and Applied Nutrition. Available at: http://www.cfsan.fda.gov/~ebam/bam-

10.html. Accessed 30 April 2007.

Hoffman, A. D., and M. Wiedmann. 2001. Comparative evaluation of
culture- and BAX polymerase chain reaction-based detection methods for
Listeria spp. and Listeria monocytogenes in environmental and raw fish
samples. J. Food Prot. 64:1521-1526.

Holah, J. T., J. Bird, and K. E. Hall. 2004. The microbial ecology of high-
risk, chilled food factories; evidence for persistent Listeria spp. and
Escherichia coli strains. J. Appl. Microbiol. 97:68-77.

Holah, J. T., J. H. Taylor, D. J. Dawson, and K. E. Hall. 2002. Biocide use
in the food industry and the disinfectant resistance of persistent strains of
Listeria monocytogenes and Escherichia coli. J. Appl. Microbiol. 92:111S-
120S.

Ireton, K., B. Payrastre, H. Chap, W. Ogawa, H. Sakaue, M. Kasuga, and
P. Cossart. 1996. A role for phosphoinositide 3-kinase in bacterial
invasion. Science 274:780-782.

Jay, J. M. 1996. Prevalence of Listeria spp. in meat and poultry products.
Food Control 7:209-214.

Jemmi, T., S.-l. Pak, and M. D. Salman. 2002. Prevalence and risk factors
for contamination with Listeria monocytogenes of imported and exported
meat and fish products in Switzerland, 1992-2000. Prev. Vet. Med. 54:25-
36.

Jeong, D. K., and J. F. Frank. 1994. Growth of Listeria monocytogenes at
10°C in biofilms with microorganisms isolated from meat and dairy
processing environments. J. Food Prot. 57:576-586.

Jessen, B., and L. Lammert. 2003. Biofilm and disinfection in meat
processing plants. Int. Biodeter. Biodegrad. 51:265-269.

Jones, S., and D. A. Portnoy. 1994. Characterization of Listeria
monocytogenes pathogenesis in a strain expressing perfringolysin O in
place of listeriolysin O. Infect. Immunol. 62:5608-5613.

Kaneko, K.-1., H. Hayashidani, K. Takahashi, Y. Shiraki, S.
Limawongpranee, and M. Ogawa. 1999. Bacterial contamination in the )
environment of food factories processing ready-to-eat fresh vegetables. J.
Food Prot. 62:800-804.

Kolter, R. 2005. Surfacing views of biofilm biology. Trends Microbiol. 13:1-
2.

Kozak, J., T. Balmer, R. Byrne, and K. Fisher. 1996. Prevalence of Listeria
monocytogenes in foods: Incidence in dairy products. Food Control 7:215-
221. ' .

Kreft, J., and J. A. Vazquez- Boland. 2001. Regulation of virulence genes
in Listeria. Int. J. Med. Microbiol. 291:145-157.

41

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.


http://www.cfsan.fda.gov/~ebam/bam-

85.

86.

87.

88.

89.

90.

91.

02.

93.

04.

95.

96.
07.

98.

Krysinski, E. P., L. J. Brown, and T. J. Marchisello. 1992. Effect of
cleaners and sanitizers on Listeria monocytogenes attached to product
contact surfaces. J. Food Prot. 55:246-251.

Kumar, C. G., and S. K. Anand. 1998. Significance of microbial biofilms in
food industry: a review. Int. J. Food Microb. 42:9-27.

Lahellec, C. 1996. Listeria monocytogenes in foods: the French position
International Food Safety Conference. Listeria: the state of the science -
29- 30 June 1995- Rome, ltaly. Food Control 7:241-243.

Lawrence, L. M., and A. Gilmour. 1994. Incidence of Listeria spp. and
Listeria monocytogenes in a poultry processing environment and in poultry
products and their rapid confirmation by multiplex PCR. Appl. Environ.

 Microbiol. 60:4600-4604.

LeChevallier, M. W., C. D. Cawthon, and R. G. Lee. 1988. Factors
promoting survival of bacteria in chlorinated water supplies. Appl. Environ.
Microbiol. 54:649-654.

Lee, M. B., and D. Middleton. 2003. Enteric iliness in Ontario, Canada,
from 1997 to 2001. J. Food Prot. 66:953-961.

Lewis, H. C., C. L. Little, R. Elson, M. Greenwood, K. A. Grant, and J.
McLauchlin. 2006. Prevalence of Listeria monocytogenes and other
Listeria species in butter from United Kingdom production, retail, and
catering premises. J. Food Prot. 69:1518-15626.

Lin, C.-M., K. Takeuchi, L. Zhang, C. B. Dohm, J. D. Meyer, P. A. Hall, and
M. P. Doyle. 2006. Cross-contamination between processing equipment
and deli meats by Listeria monocytogenes. J. Food Prot. 69:71-79.
Lingnau, A., E. Domann, M. Hudel, M. Bock, T. Nichterlein, J. Wehland,
and T. Chakraborty. 1995. Expression of the Listeria monocytogenes EGD

inlA and inlB genes, whose products mediate bacterial entry into tissue

culture cell lines, by PrfA- dependent and -independent mechanisms.
Infect. Immunol. 63:3896-3903.

Linnan, M. J., L. Mascola, X. D. Lou, V. Goulet, S. May, C. Salminen, D.
W. Hird, M. L. Yonekura, P. Hayes, and R. Weaver. 1988. Epidemic
listeriosis associated with Mexican-style cheese. N. Engl. J. Med. 319:823-
828.

Liu, D., M. L. Lawrence, L. Gorski, R. E. Mandrell, A. J. Ainsworth, and F.
W. Austin. 2006. Listeria monocytogenes serotype 4b strains belonging to
lineages | and Ill possess distinct molecular features. J. Clin. Microbiol.
44:214-217.

Lundén, J., M. K. Miettinen, T. J. Autio, and H. J. Korkeala. 2000.
Persistent Listeria monocytogenes strains show enhanced adherence to
food contact surface after short contact times. J. Food Prot. 63:1204-1207.
Lundén, J. M., T. J. Autio, and H. J. Korkeala. 2002. Transfer of persistent
Listeria monocytogenes contamination between food-processing plants
associated with a dicing machine. J. Food Prot. 65:1129-1133.

Lundén, J. M., T. J. Autio, A. Markkula, S. Hellstrom, and H. J. Korkeala.
2003. Adaptive and cross-adaptive responses of persistent and non-

42

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

persistent Listeria monocytogenes strains to disinfectants. Int. J Food
Microbiol. 82:265-272. :

Lundén, J. M., T. J. Autio, A.-M. Sjéberg, and H. J. Korkeala. 2003.
Persistent and nonpersistent Listeria monocytogenes contamination in
meat and poultry processing plants. J. Food Prot. 66:2062-2069.
Lyytikainen, O., T. Autio, R. Maijala, P. Ruutu, T. Honkanen-Buzalski, M.
Miettinen, M. Hatakka, J. Mikkola, V.-J. Anttila, T. Johansson, L. Rantala,
T. Aalto, H. Korkeala, and A. Siitonen. 2000. An outbreak of Listeria
monocytogenes serotype 3a from butter in Finland. J. Infect. Dis.
181:1838-1841. ,

Mafu, A. A,, D. Roy, J. Goulet, and P. Magny. 1990. Attachment of Listeria
monocytogenes to stainless steel, glass, polypropylene and rubber
surfaces after short contact times. J. Food Prot. 53:742-746.

Mafu, A. A., D. Roy, J. Goulet, and L. Savoie. 1990. Efficiency of sanitizing
agents for destroying Listeria monocytogenes on contaminated surfaces.
J. Dairy Sci. 73:3428-3432.

Mah, T.-F. C., and G. A. O'Toole. 2001. Mechanisms of biofilm resistance
to antimicrobial agents. Trends Microbiol. 9:34-39.

Marsh, E. J., H. Luo, and H. Wang. 2003. A three-tiered approach to
differentiate Listeria monocytogenes biofilm-forming abilities. FEMS
Microbiol. Lett. 228:203-210.

Mead, P. S., E. F. Dunne, L. Graves, M. Wiedmann, M. Patrick, S. Hunter,
E. Salehi, F. Mostashari, A. Craig, P. Mshar, T. Bannerman, B. D.
Sauders, P. Hayes, W. Dewitt, P. Sparling, P. Griffin, D. Morse, L.
Slutsker, and B. Swaminathan. 2006. Nationwide outbreak of listeriosis
due to contaminated meat. Epidemiol. Infect. 134:744-751.

Mereghetti, L., R. Quentin, N. Marquet-Van Der Mee, and A. Audurier.
2000. Low sensitivity of Listeria monocytogenes to quaternary ammonium
compounds. Appl. Environ. Microbiol. 66:5083-5086.

Meyer, B. 2006. Does microbial resistance to biocides create a hazard to
food hygiene? Int. J. Food Microbiol. 112:275-279.

Midelet, G., and B. Carpentier. 2004. impact of cleaning and disinfection
agents on biofilm structure and on microbial transfer to a solid model food.
J. Appl. Microbiol. 97:262-270.

Miettinen, H., K. Aamisalo, S. Salo, and A.-M. Sjoberg. 2001. Evaluation
of surface contamination and the presence of Listeria monocytogenes in
fish processing factories. J. Food Prot. 64:635-639.

Miettinen, M. K., A. Siitonen, P. Heiskanen, H. Haajanen, K. J. Bjorkroth,
and H. J. Korkeala. 1999. Molecular epidemiology of an outbreak of febrile
gastroenteritis caused by Listeria monocytogenes in cold-cmoked rainbow
trout. J. Clin. Microbiol. 37:2358-2360.

Moore, G., and C. Griffith. 2002. A comparison of surface sampling
methods for detecting coliforms on food contact surfaces. Food Microbiol.
19:65-73.

43

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

Moore, G., and C. Griffith. 2007. Problems associated with traditional
hygiene swabbing: the need for in-house standardization. J. Appl.
Microbiol. (Online Early Articles) doi10.1111/j.1365-2672.2007.03330.x.
Mueller, K. J., and N. E. Freitag. 2005. Pleiotropic enhancement of
bacterial pathogenesis resulting from the constitutive activation of the
Listeria monocytogenes regulatory factor PrfA. Infect. Immun. 73:1917-
1926.

Murray, E. G. D., R. A. Webb, and M. B. R. Swann. 1926. A disease of
rabbits characterized by large mononuclear leucocytosis, caused by a
hitherto undescribed bacillus Bacterium monocytogenes (n. sp.). J. Pathol.
Bacteriol. 29:407-439.

Nesbakken, T., G. Kapperud, and D. A. Caugant. 1996. Pathways of
Listeria monocytogenes contamination in the meat processing industry.
Int. J. Food Microbiol. 31:161-171.

Norwood, D. E., and A. Gilmour. 1999. Adherence of Listeria
monocytogenes strains to stainless steel coupons. J. Appl. Microbiol.
86:576-582.

Norwood, D. E., and A. Gilmour. 2000. The growth and resistance to
sodium hypochlorite of Listeria monocytogenes in a steady-state
multispecies biofilm. J. Appl. Microbiol. 88:512-520.

Okutani, A., Y. Okada, S. Yamamoto, and S. Igimi. 2004. Nationwide
survey of human Listeria monocytogenes infection in Japan. Epidemiol.
Infect. 132:769-772. ,

O'Toole, G. A., H. B. Kaplan, and R. Kolter. 2000. Biofilm formation as
microbial development. Annu. Rev. Microbiol. 54:49-79.

Pagotto, F., E. Daley, J. Farber, and D. Warburton. 2001. Isolation of
Listeria monocytogenes from all food and environmental samples.
MFHPB-30., p. 1-15. In D. Warburton (ed.), Compendium of Analytical
Methods. Health Canada Methods of Microbiological Analysis of Foods,
vol. 2. Polyscience Publications Inc., Montreal.

Pagotto, F., L.-K. Ng, C. Clark, J. Farber, and the Canadian Public Health
Laboratory Network. 2006. Canadian listeriosis reference service.
Foodborne Pathog. Dis. 3:132-137.

Parkar, S. G., S. H. Flint, and J. D. Brooks. 2004. Evaluation of the effect
of cleaning regimes on biofilms of thermophilic bacilli on stainless steel. J.
Appl. Microbiol. 96:110-116.

Pearson, L. J., and E. H. Marth. 1990. Listeria monocytogenes - threat to a
safe food supply: A review. J. Dairy Sci. 73:912-928.

Petran, R. L., E. A. Zottola, and R. B. Gravini. 1988. Incidence of Listeria
monocytogenes in market samples of fresh and frozen vegetable. J. Food
Sci. 53:1238-1240.

Pirie, J. H. H. 1940. Listeria: change of name for a genus of bacteria.
Nature 145:264.

Portnoy, D. A., V. Auerbuch, and I. J. Glomski. 2002. The cell biology of
Listeria monocytogenes infection: the intersection of bacterial
pathogenesis and cell-mediated immunity. J. Cell Biol. 158:409-414.

44

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



127.

128.
129.

130.

131.

132.

133.

134.
135.
136.

137.

138.

139.

140.

141.

142.

Racz, P., K. Tenner, and E. Mero. 1972. Experimental Listeria enteritis. |.
An electron microscopic study of the epithelial phase in experimental
listeria infection. Lab. Invest. 26:694-700.

Rocourt, J. 1996. Risk factors for listeriosis. Food Control 7:195-202.
Rocourt, J., P. BenEmbarek, H. Toyofuku, and J. Schlundt. 2003.
Quantitative risk assessment of Listeria monocytogenes in ready-to-eat
foods: the FAO/WHO approach. FEMS Immunol. Med. Microbiol. 35:263-
267.

Rocourt, J., P. Boerlin, F. Grimont, C. Jacquet, and J.-C. Piffaretti. 1992.
Assignment of Listeria grayi and Listeria murrayi to a single species,
Listeria grayi, with a revised description of Listeria grayi. Int. J. Syst.
Bacteriol. 42:171-174.

Rodrigues, D., M. Landgraf, and M. T. Destro. 2002. Evaluation of two
commercial methods for the detection of Listeria sp. and Listeria
monocytogenes in a chicken nugget processing plant. Can. J. Microbiol.
48:275-278.

Schlech lll, W. F. 2000. Foodborne listeriosis. Clin. Infect. Dis. 31:770-
775.

Schlech lll, W. F., P. M. Lavigne, R. A. Bortolussi, A. C. Allen, E. V.
Haldane, A. J. Wort, A. W. Hightower, S. E. Johnson, S. H. King, E. S.
Nicholls, and C. V. Broome. 1983. Epidemic listeriosis - evidence for
transmission by food. N. Engl. J. Med. 308:203-206.

Schlech, W. F. 1996. Overview of listeriosis. Food Control 7:183-186.
Shank, F. R, E. L. Elliot, I. K. Wachsmuth, and M. E. Losikoff. 1996. US
position on Listeria monocytogenes in foods. Food Control 7:229-234.
Shime-Hattori, A., T. lida, M. Arita, K.-S. Park, T. Kodama, and T. Honda.
2006. Two type |V pili of Vibrio parahaemolyticus play different roles in
biofilm formation. FEMS Microbiol. Lett. 264:89-97.

Siebers, A., and B. B. Finlay. 1996. M cells and the pathogenesis of

mucosal and systemic infections. Trends Microbiol. 4:22-29.

Sizmur, K., and C. W. Walker. 1988. Listeria in prepacked salads. Lancet
331:1167.

Skinner, R. 1996. Listeria: the state of the science. Rome 29-30 June
1995 Session IV: country and organizational postures on Listeria
monocytogenes in food. Listeria: UK government's approach. Food
Control 7:245-247.

Sofyan, N., T. L. Mai, D. E. Conner, J. W. Fergus, and W. F. Gale. 2006.
Attachment of Listeria monocytogenes to an austenitic stainless steel with
three different types of surface finish. Food Prot. Trends 26:926-929.
Soultos, N., A. Abrahim, K. Papageorgiou, and V. Steris. 2007. Incidence
of Listeria spp. in fish and environment of fish markets in Northern Greece.
Food Control 18:554-557.

Swaminathan, B., and P. Feng. 1994. Rapid detection of food-borne
pathogenic bacteria. Annu. Rev. Microbiol. 48:401-426.

45

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



143.

144.

145.

- 146.

147.

148.

149.

150.

151.

162.

163.

154.

Thevenot, D., M. L. Delignette-Muller, S. Christieans, and C. Vernozy-
Rozand. 2005. Prevalence of Listeria monocytogenes in 13 dried sausage
processing plants and their products. Int. J. Food Microbiol. 102:85-94.
Tompkin, R. B. 2002. Control of Listeria monocytogenes in the food-
processing environment. J. Food Prot. 65:709-725.

U.S. Department of Agriculture Food Safety and Inspection Service. 2004.
FSIS rule designed to reduce Listeria monocytogenes in ready to eat meat
and poultry. Available at:

http://www.fsis.usda.qov/Fact Sheets/FSIS Rule Designed to Reduce
Listeria/index.asp. Accessed 15 March 2007.

Uhitil, S., S. Jaksic, T. Petrak, H. Medic, and L. Gumhalter-Karolyi. 2004.
Prevalence of Listeria monocytogenes and the other Listeria spp. in cakes
in Croatia. Food Control 15:213-216.

Varma, J. K., M. C. Samuel, R. Marcus, R. M. Hoekstra, C. Medus, S.
Segler, B. J. Anderson, T. F. Jones, B. Shiferaw, N. Haubert, M.
Megginson, P. V. McCarthy, L. Graves, T. V. Gilder, and F. J. Angulo.
2007. Listeria monocytogenes infection from foods prepared in a
commercial establishment: A case-control study of potential sources of
sporadic illness in the United States. Clin. Infect. Dis. 44:521-528.
Vazquez- Boland, J. A., G. Dominguez-Bernal, B. Gonzalez-Zorn, J. Kreft,
and W. Goebel. 2001. Pathogenicity islands and virulence evolution in
Listeria. Microb. Infect. 3:571-584.

Vazquez- Boland, J. A., M. Kuhn, P. Berche, T. Chakraborty, G.
Dominguez-Bernal, W. Goebel, B. Gonzalez-Zorn, J. Wehland, and J.
Kreft. 2001. Listeria pathogenesis and molecular virulence determinants.
Clin. Microbiol. Rev. 14:584-640.

Vlaemynck, G., V. Lafarge, and S. Scotter. 2000. Improvement of the
detection of Listeria monocytogenes by the application of ALOA, a
diagnostic, chromogenic isolation medium. J. Appl. Microbiol. 88:430-441.
Voetsch, A. C., F. J. Angulo, T. F. Jones, M. R. Moore, C. Nadon, P.
McCarthy, B. Shiferaw, M. B. Megginson, S. Hurd, B. J. Anderson, A.
Cronquist, D. J. Vugia, C. Medus, S. Segler, L. M. Graves, R. M. Hoekstra,
and P. M. Griffin. 2007. Reduction in the incidence of invasive listeriosis in
foodborne diseases active surveillance network sites, 1996-2003. Clin.
Infect. Dis. 44:513-520.

Vorst, K. L., E. C. D. Todd, and E. T. Ryser. 2004. Improved quantitative
recovery of Listeria monocytogenes from stainless steel surfaces using a
one-ply composite tissue. J. Food Prot. 67:2212-2217.

Warburton, D., and A. Boville. 2001. Detection of Listeria spp. in foods
using the Oxoid Listeria Rapid Test (The Clearview kit). MFLP-71., p. 1-4.
In D. Warburton (ed.), Compendium of Analytical Methods. Health Canada
Methods of Microbiological Analysis of Foods, vol. 3. Polyscience
Publications Inc., Montreal.

Ware, L. M., M. L. Kain, J. N. Sofos, K. E. Belk, and G. C. Smith. 1999.
Comparison of sponging and excising as sampling procedures for

46

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.


http://www.fsis.usda.gov/Fact

155.

156.

157.

1568.

159.

160.

161.

microbial analysis of fresh beef-carcass tissue. J. Food Prot. 62:1255-
1259.

Willis, C., T. Baalham, M. Greenwood, and F. Presland. 2006. Evaluation
of a new chromogenic agar for the detection of Listeria in food. J. Appl.
Microbiol. 101:711-717.

Wong, A. C. L. 1998. Biofilms in food processing environments. J. Dairy
Sci. 81:2765-2770.

Wulff, G., L. Gram, P. Ahrens, and B. F. Vogel. 2006. One group of
genetically similar Listeria monocytogenes strains frequently dominates
and persists in several fish slaughter- and smokehouses. Appl. Environ.
Microbiol. 72:4313-4322.

Yamada, F., F. Ueda, Y. Ochiai, M. Mochizuki, H. Shoji, T. Ogawa-Goto,
T. Sata, K. Ogasawara, A. Fujima, and R. Hondo. 2006. Invasion assay of
Listeria monocytogenes using Vero and Caco-2 cells. J. Microbiol.
Methods 66:96-103.

Yokoyama, E., S. Maruyama, and Y. Katsube. 1998. Production of
bacteriocin-like-substance by Listeria innocua against Listeria
monocytogenes. Int. J. Food Microb. 40:133-137.

Zook, C., B. Horter, S. Gambrel-Lenarz, and 3M Company. 2006.
Validation of 3BM™ Petrifilm™ Environmental Listeria plate method.
Presented at the AOAC International, Minneapolis, Minnesota.

Zottola, E. A., and K. C. Sasahara. 1994. Microbial biofilms in the food
processing industry-Should they be a concern? Int. J. Food Microb.
23:125-148.

47

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



2. EVALUATION OF ENVIRONMENTAL SAMPLING METHODS AND
RAPID DETECTION ASSAYS FOR RECOVERY AND
IDENTIFICATION OF LISTERIA SPP. FROM MEAT PROCESSING
FACILITIES

2.1 Introduction

As one of the important contaminants associated with foodborne iliness, L.
monocytogenes can cause deleterious health effects, especially in pregnant
women, very young, elderly and immunocompromised individuals (6). lts
ubiquitous nature and the ability to survive adverse environmental conditions and |
persist in food processing areas has enabled L. monocytogenes to become a
notable trespasser in the food industry. The presence of water and food
ingredients in food processing areas substantially increases the chance of L.
monocytogenes survival and proliferation, allowing the microorganism to inhabit
floors, walls, and a variety of processing equipment (78). Contamination of
ready-to-eat products with L. monocytogenes is of major concern to food
processors, consumers and health authorities. As a result of numerous listeriosis
outbréaks (7, 36, 37), health organizations throughout the world have introduced
plans to enhance the safe production of food (23). Studies (9, 13, 14) have
demonstrated that the food processing environment is a source of contamination
for L. monocytogenes. Consequently, Health Canada and the Canadian Food
Inspection Agency (23) and the USDA/FSIS (5, 39) have proposed policies
requiring meat and poultry processors to test for the presence of L.

monocytogenes in the processing environment.
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A variety of sampling methods are available for recovery of Listeria from
foods and the processing environment; however, to our knowledge there are no
reports that directly compare the methods for recovery of Listeria spp. from the
food processing environment. Even though efficiency is important, very often
time, cost, aﬁd ease of handling are major factors when selecting a sampling
method. In addition, testing for pathogenic microorganisms in a food processing
environment is highly dependent on the use of sensitive and rapid detection
assays. Traditionally, conventional culture methods have been considered the
be the “gold standard” for the isolation and identification of Listeria; however,
culture assays are time consuming and labor intensive. There is a need for
innovative, user friendly, and rapid pathogen detection methods. Studies

“involving evaluation of rapid and molecular technologies (12) such as PCR,
lateral flow immunoprecipitation and enzyme-linked immunosorbent assays have
been reported in the research literature. However, most of the studies (171, 712,
21) focused on screening of food products for pathogenic microorganisms rather
than environmental samples.

To address these issues, a comparison of three environmental sampling
methods: 1) cotton swab (CS), 2) sterile sponge (SS), and 3) composite ply
tissue (CT), was done to evaluate the recovery of Listeria spp. from the
environment of two meat processing facilities. In addition, the specificity and
sensitivity of three detection methods: 1) Petrifilm™ method 2) an automated
chain reaction method and 3) a lateral flow immunoprecipitation (LFI) assay were

compared to a conventional culture method for identification of Listeria spp. from
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samples collected in a food processing environment. In addition, occurrence and
distribution of Listeria spp. in meat processing facilities were assessed

throughout the sampling period from November 2005 until May 2007.
2.2 Materials and methods

2.2.1 Comparison of environmental sampling methods

2.2.1.1 Sample collection

Two federally inspected meat processing facilities located in Edmonton, AB,
Canada, were visited over a period of five months in 2005 and 2006. Facilities
were each visited six times at three week intervals until a total of 240 samples
were collected for each sampling method. In each facility, five locations in an
area where raw meat was processed, and five locations in an area where cooked
meat was handled were sampled at two sampling times: after sanitation and prior
to processing (ACS) and during or after processing but before sanitation (PRO).
Facility A produced products such as sausages, cooked hams, pepperoni,
wieners, and bacon. Facility B was involved in the production of frozen entrées
containing meat. Samples were collected from a variety of locations (Table 2-1),
by wiping adjacent areas (ca. 30 x 30 cm) five times vertically and five times

horizontally, with each sampling method.

Sterile cotton tipped applicators (CS; Puritan Medical Products Co. LLC,
Guildford, Maine) were wetted immediately prior to obtaining the sample by
immersing the CS into sterile plastic-coated glass tubes containing neutralizing

buffer (NBF; Difco™, Becton, Dickinson and Company, Sparks, MD). After
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collecting the sample, the CS was placed into a plastic-coated glass tube with a
tightly closed cap where it was kept on ice or refrigerated for no more than 24 h

until analysis.

Table 2-1. Areas sampled for recovery of Listeria spp. in two federally inspected meat processing

facilities.
Type of Processing Source
Area Facility A Facility B
Drain #1 Drain #1
Drain #2 Drain #2
Drain #3' Kitchen stairs
Raw Food Table Table #1
Conveyor Conveyor #1
Water Hose' -
Grinding Machine -
Drain #1 Drain #1
Drain #2 _ Drain #2
Water Hose' Conveyor #2
Ready — ::%;: at (RTE) Packaging Machine TabI: #2
Conveyor #1' Sink
Conveyor #2 -
Meat Rack -

1Sampling locations added for the evaluation of detection methods.

Sterile Ready to Use Sampling Sponge kits (SS; Solar—Cult, Qualicum
Scientific Ltd., Ottawa, ON) were used according to the manufacturer's
instructions. Briefly, pre-wetted SS were used directly to wipe the areas of
interest, after which they were transferred aseptically to sterile safnple bags
provided with the kit. Sponges were kept in the bags on ice or refrigerated for no
more than 24 h until analysis.

Composite ply tissues (CT; Kimberly-Clark Kimwipes® EX-L, Mississauga,

ON; 11.4 cm x 21.3 cm) were folded three times according to the protocol
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described by Vorst et al. (40), autoclaved (121°C, 30 min), and aseptically
transferred to sterile sample bags (11.4 cm x 22.9 cm; Fisherbrand®, Fisher
Scientific, Edmonton, AB). Immediately prior to sample collection, 10 ml of NBF
was dispensed into the bag to wet the CT. The wetted tissue was pressed
manually to remove the excess liquid, and sterile gloves were used to handle the
CT during the wiping process. After obtaining the sample, the CT was kept in the
sample bag, on ice or refrigerated for no more than 24 h until analysis.

At each sampling time sterility control samples were prepared for the growth
medium alone and a sampling device in the growth medium. Positive controls
were prepared for the growth medium inoculated with each L. innocua ATCC
33090 (American Type Culture Collection, Manassas, VA) and L. monocytogenes
ATCC 19115 separately, and the sampling device in the medium inoculated with

L. monocytogenes ATCC 19115.

2.2.1.2 Isolation of Listeria spp.

The samples were analyzed for the preéence of Listeria spp. according to
the ISO 11290-1 two-step enrichment protocol (4) illustrated in Figure 2-1.
Briefly, 90 ml of Demi-Fraser enrichment broth (DFB; Difco™) was added to bags
containing SS and CT, while 9 ml of DFB was added to tubes containing CS; all
samples were incubated at 30°C for 24 h. After gentle manual squeezing of the
bags (where applicable), a 0.1 ml aliquot of DFB culture was transferred to 10 mi

of Fraser Broth (FB; Difco™) and incubated at 35°C for 48 h.
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Sterile Sponge
Cotton Swab Composite Tissue

9 mi of DFB 90 miof DFB 90 mi of DFB

!
Incubate at 30°C, 24 h

Transfer 0.1 ml of each \

sample into 10 ml of FB
Streak all samples onto
Incubate at 35°C, 48 h Oxford and Palcam agars

Plate samples that were negative

after initial streaking onto Incubate at 35°C,
Oxford and Palcam - 24-48h

(35°C, 24 -48h)

T Pick typical Listeria spp.
colonies onto HBA

(35°C, 24 h)

Streak 3 isolates for each
positive sample onto BAP

/ (35°C, 24 h) \
Gram stain Oxidase Catalase Motility Biochemical test

Figure 2-1. Experimental procedure for recovery of Listeria spp. in samples obtained from the
food processing environment, collected with three different sampling methods.

After 24 h of incubation all DFB samples were streaked onto PALCAM
(PAL; EMD Chemicals Inc., Gibbstown, NJ) and Oxford (Ox; EMD Chemicals
Inc.) agars, and incubated at 35°C for 24 h and 48 h. Screening of presumptive
Listeria spp. was conducted using Horse Blood Agar (HBA; Difco™) selecting
both B-hemolytic and non-hemolytic isolates, after which at least three isolates

frbm one sample were streaked onto defibrinated sheep blood agar (BAP; Oxoid
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Ltd., Basingstoke, Hampshire, England ) to obtain pure cdlonies. Further
confirmation was based on Gram stain, catalase and oxidase reactions, and
motility (MTM; Difco™) at room temperature. Biochemical test strips (Microgen®
Listeria ID, Microgen Bioproducts Ltd., Camberiey, Surrey, U.K.) were used to

differentiate Listeria spp.

2.2.1.3 Statistical analysis

Data were enteréd into spreadsheets and probability values were obtained
using McNemar's Chi-square test (p< 0.05), calculated with data analysis and

statistical software, Stata® (StataCorp LP, College Station, Texas).

2.2.2 Comparison of detection assays

2.2.2.1 Sample collection

Over a period of fifteen monthé, from March 2006 until May 2007, samples
were collected from two federally inspected meat processing facilities in areas
where raw and cooked foods were handled, after cleaning and sanitation but
prior to processing (ACS), and during or éfter processing but prior to sanitation
(PRO}. Based on the findings from the first part of the project, sterile Ready to
Use Sampling Sponge kits (Solar-Cult, Qualicum Scientific Ltd.) were used to
collect the samples, as described previously. Sampling occurred every three
weeks, until a minimum of 100 positive and 100 negative samples per detection
method were collected. After 20 sampling times, collection of samples from

facility B was stopped due to absence of positive samples. To maximize the
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recovery of potentially positive Listeria spp. samples, two additional sampling
locations were added in the area where raw meat was processed, and two
additional locations were included in the area where ready-to-eat products were

handled in facility A. Facility A was visited a total of 50 times.

2.2.2.2 Isolation of Listeria spp.

To use one sample for all four analyses, 5 ml of Buffered Peptone Water
(BPW; Difco™) was added to SS upon receipt in the laboratory. The sample was
incubated for 1 h at room temperature (23 + 2°C) to aid in recovery of any injured
cells. After recovery, 3 ml of the sample solution was removed and added to
Petrifim™ Environmental Listeria Plates (EL Petrifim™, 3M™ Microbiology,
London, ON ). Ninety milliliters of DFB was added to the remaining samples and
incubated at 30°C for 24 h. The sample was subsequently tested using the ISO
11290-1culture method (4), the PCR (BAX®, DuPont Qualicon, Wilmington, DE)
and the LFI (Reveal® Listeria Test System, Neogen Corporation, Lansing, Mich.)
methods. At each sampling time, sterility control samples were prepared for the
growth medium alone and a sampling device in the growth medium. Positive
controls were prepared for the growth medium inoculated with each L. innocua
ATCC 33090 and L. monocytogenes ATCC 19115 separately, and the sampling
device in the medium inoculated with L. monocytogenes ATCC 19115.

The EL Petrifilm™ method tests were performed according to the Health
Canada MFLP-11 method (7).

The I1ISO 11290-1 (4) culture method was performed as previously

described.
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The automated PCR assays were performed according to the Health
Canada MFLP-15 method (41) with slight modifications. Briefly, following
incubation of DFB at 30°C for 24 h, 0.1 ml was transferred to Listeria Enrichment
Broth (Difco™) with MOPS (Sigma-Aldrich Inc., St. Louis, MO) added as a
supplement and incubated at 35°C for 24 h. Testing was performed using Genus
Listeria and where applicable, L. 4mo_nocytogenes BAX® System PCR Assay for
Screening (DuPont Qualicon, Wilmington, DE) kits. Testing was performed using
a BAX® System—-PCR Assay with Automated Detection (model QTC-1200 with
1.85 software version; DuPont Qualicon).

Lateral flow immunoprecipitation assays (REVEAL® Listeria Test System
(Neogen Corporation, Lansing, Mich.) were performed following the
manufacturer’s protocol with slight modifications. Briefly, 0.1 ml of the DFB
sample suspension was transferred to Buffered Listeria Enrichment Broth (BLEB;
EM Science, EM Industries Inc.) and incubated at 30°C for 21 — 24 h. Following
incubation, 2 ml were transferred into a glass tube (16x125 mm) and heated in a
water bath at 80°C for 20 min; cooled to room temperature and 135 ul of the cell
suspension was transferred to the sample window of the test device. After 20

min results were recorded.

2.2.2.3 Recovery of Listeria spp. from EL Petrifilm™, BLEB, and MLEB.

The presence of Listeria spp. in samples that tested positive by the three
rapid detection methods were confirmed by culturing the samples. After28 £+ 2 h
incubation of EL Petrifilm™ plates, a maximum of five presumptive Listéria

colonies were aseptically transferred with sterile picks from the EL Petrifim™ into
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FB and incubated at 35°C for 48 h. All of the FB samples weré plated onto PAL
and OX agars and incubated at 35°C for 24 and 48 h.

.Similarly, all BLEB and MLEB samples were plated onto PAL and OX
agars, and incubated at 35°C for 24 and 48 h. Confirmation of the samples
positive for Listeria spp. was obtained by plating presumptive Listeria spp.
colonies onto HBA and BAP agars. Colonies of Listeria were confirmed by Gram

stain, oxidase, catalase, and motility tests.

2.2.2.4 Statistical analysis

Data were entered into spreadsheets and statistics were generated using
Stata® software (17). Culture results were assumed to be free from error, and
the estimates of sensitivity and specificity for the EL Petrifilm™, LFl and PCR

methods were calculated relative to the results obtained with the culture method.
2.3 Results

2.3.1 Recovery of Listeria spp. using different environmental sampling

methods.

Over a period of five months 720 environmental samples were collected
from meat processing facilities and analyzed for presence of Listeria spp. With
each sampling method there was fairly equal distribution of the species of Listeria
that were differentiated using the Microgen® Listeria ID test (Figure 2-2). Of the
240 samples analyzed for each method, the total number of Listeria spp. isolated
using the SS or the CT was higher (p<0.01) than that obtained using the CS

(Figure 2-2). There was no statistical difference (Table 2-2) between the number
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of positive samples recovered using the SS in comparison to those recovered

using the CT swabbing method.
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Figure 2-2. Number of samples that tested positive for presence of L. monocytogenes, L.
innocua, L. welshimeri and Listeria spp. obtained using a cotton swab (CS), a sterile
sponge (SS) and a composite tissue (CT) sampling method. Samples (n=720) were
collected from the processing environment of two federally inspected meat manufacturing
facilities. *Represents the total number of times samples were positive for all species of
Listeria. '

Table 2-2. Probability values obtained using McNemar’s Chi-square test for comparison of
three environmental sampling methods for recovery of Listeria spp. from meat processing

environment'.

Cotton Swab Sterile Sponge Composite tissue
Cotton Swab ) 0.0025 0.0015
Sterile Sponge 0.0025 - 1.0000
Composite Tissue 0.0015 1.0000 -

" Methods are significantly different if p<0.05

2.3.2 Evaluation of detection assays for Listeria spp.

Samples were collected until a minimum of 100 positive and 100 negative
samples were obtained for each detection method. The requirement of 100
positive and 100 negative samples for the PCR and LFI methods was reached

after 11 sampling times; however, for the EL Petrifilm™ method, the requirement
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was reached after 14 sampling times, which resulted in a greater number of
samples tested.

After 11 sampling times, a total‘ number of samples collected was 328. The
culture method identified 110 samples that were positive for Listeria spp. while
the PCR and LFI assays identified 109 and 105 positive samples, respectively.
Followihg the 14" sampling, the total number of samples collected and analyzed
with the culture assay and the EL Petrifilm™ method was 440. From 440
samples tested, 110 were identified as positive for Listeria spp. with the
conventional culture method. The EL Petriflm™ method recognized 103 positive
samples; however, out of these samples 24 were false positive. Out of the 337
EL Petrifim™ samples that were negative for Listeria spp. 77 samples were -
identified as false negative.

When colonies were isolated from the 103 presumptive positive EL
Petriflm™ samples, only 37.9% of these samples were confirmed positive for
Listeria spp. by the culture method. The diversity of the colonies grown on the
EL Petrifilm™ can be seen in Figures 2-3 to 2-5. All colonies that were circled
were similar in color but with different intensities of pink; however, the bright pink
color of colonies was not necessarily an indication of Listeria spp. Culturing of
the presumptivé Listeria spp. colonies revealed several false positive results.

Sensitivity, specificity and kappa values for the three detection methods for
identification of Listeria spp. in environmental samples using the culture method
as the “gold standard”, are shown in Table 2-3. LFI and PCR were highly

sensitive and specific when compared to the culture method.
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Figure 2-3. Photographs of EL Petrifim™ plates after 28 h incubation at 35°C, of samples
recovered from a conveyor (A) and a hose (B) located in the area where raw meat was
processed in facility A. Colonies that are circled in B indicate those which were not confirmed as
Listeria spp.
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Figure 2-4. Photographs of EL Petrifilm™ plates after 28 h incubation at 35°C, of L.
monocytogenes ATCC 19115 (A) and a sample recovered from kitchen stairs located in the
area where raw meat was processed in facility B (B). Colonies that are circled in B indicate
those that were not confirmed as Listeria spp.
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Figure 2-5. Photographs of EL Petrifim™ plates after 28 h incubation at 35°C, of samples
recovered from the drain #2 (A) in the area where cooked products were handled, and a table
(B) located in the area where raw meat was processed in facility A. Colonies that are circled in
B indicate those that were not confirmed as Listeria spp.
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Based on kappa values, there was excellent agreement of both the PCR and
LFI methods with the culture method, while moderate agreement was observed
for the EL Petrifim™ method. Overall, EL Petrifim™ plates were less efficient
in the detection of Listeria spp. from environmental samples in comparison to
the other methods tested.

Table 2-3. Sensitivity, specificity, and kappa values of the EL Petrifiilm™, LFl and PCR

methods relative to the culture method for identification of Listeria spp. in samples obtained
from the environment of two federally inspected meat processing facilities.

- Lateral flow
EL Petrifilm™ immunoprecipitation PCR
Sensitivity (%) 50.6 95.5 99.1
(95% ClI) (42.5-58.7) (89.7 — 98.5) (95-100)
Specificity (%) 91.5 100 100
(95% CI) (87.7 — 94.5) (98.3 - 100) (98.3-100)
Kappa 0.457 0.965 0.993
(95% CI) (0.370 - 0.544) (0.935 - 0.995) (0.980 - 1.00)

2.3.3 Occurrence and distribution of Listeria spp. in the facilities

Over a period of 19 months, 820 environmental samples were collected
from areas in which raw or cooked meat products were‘ handled in two federally
inspected meat processing féciliﬁes. From the 820 samples analyzed, 249 were
positive for Listeria spp. The total number of samples collected in facility A was
652, while 168 samples were collected in facility B. Overall, 248 positive
samples for Listeria spp. were recovered from facility A, and one positive sample
was obtained from facility B in the area where raw meat was processed.

A large proportion of the samples (89.4%) that were positive for Listeria
spp. were collected during or after processing (PRO) in the area where raw meat

was processed (Table 2-4). Similarly, after cleaning and sanitation but prior to
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processing (ACS) more positive samples were collected in areas where raw meat

was processed (81.2%) than in the environment where cooked products were
handled.

Table 2-4. The number of samples collected from two meat processing facilities either after
cleaning and sanitation (ACS) or during or after processing (PRO) from either an area where
raw meat was processed or an area where cooked products were handled that tested positive
for Listeria spp.

No. of positive samples/total number collected

ACS PRO
Raw Product Cooked Product Raw Product Cooked Product

Area Area Area Area
Facility A
(n=652) 95/163 22/163 117/163 14/163
Facility B
(n=168) 0/42 0/42 1/42 0/42
Total ‘ 95/205 22/205 118/205 14/205

However, it is interesting to note that in the area where cooked products
were. handled, a slightly higher number of samples that were positive for Listeria
spp. were collected after cleaning and sanitation (10.7%) than during or after
processing (6.8%; Table 2-4).

From the 248 positive samples recovered from facility A, 212 samples were
acquired in the areas where raw meat was processed, and 36 were obtained in
the areas where cooked meats were handled. Differentiation of the species of
Listeria for the positive samples obtained during 19-month sampling period for
both ACS and PRO sampling times is presented in Figure 3-6. More samples
that tested positive for Listeria spp. were obtained during or after processing
(PRO) than after cleaning and sanitation (ACS). Distribution of the samples that
tested positive for L. monocytogenes was the same for both the ACS and PRO
sampling times. More samples tested positive for L. inndcua and L. welshimeri

for the PRO sampling time compared to the ACS (Figure 2-6).
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Figure 2-6. The number of samples that tested positive for different species of Listeria collected
either after cleaning and sanitation (ACS) or during or after processing (PRO), from the areas
where raw and cooked products were processed in two meat manufacturing facilities.*Represents
the total number of times samples were positive for all species of Listeria out of 820 samples
collected.

The number of samples obtained from the different sampling locations in facility
A, and the distribution of the species of Listeria obtained from the different
locations is shown in Figure 2-7. Samples that were positive for Listeria spp.
were recovered 98% of the time in Drain #1, which was located in the area where
raw meat was processed in facility A. A high occurrence of contamination was
also observed for drains #2 and #3 located in the area where raw food was
processed in facility A, from which samples positive for Listeria spp. were
collected 92% and 70% of the time, respectively (Figure 2-7). L. monocytogenes
was most frequently isolated from drains #1, #2, and #3, and the grinding
machine in the area where raw meat was processed, while in the area where
cooked foods were handled, one drain in particular (Drain #2) was more often
contaminated than the rest of the locations that were sampled in that area.

Listeria monocytogenes was isolated more than once from all the locations
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sampled in the area where raw meat was processed, and at least once in six out

of seven locations swabbed in the area where cooked products were handled.

Additionally, L. monocytogenes (73.0%) was the species most frequently isolated

from the positive samples, followed by L. welshimeri (37.8%), and L. innocua

(36.1%; Figure 2-7).
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2.4 Discussion

Although listeriosis is regarded as low risk illness for the majority of the
healthy population (715), for immunocompromised individuals the consequences
may be fatal. As a result, many countries have a policy of “zero tolerance” when
it comes to presence of L. monocytogenés in ready-to-eat foods that support the
growth of the microorganism and have a shelf life longer than ten days, such as
soft cheese, liver paté, hot dogs, cold smoked rainbow trout and processed deli
meats (2, 3, 15, 23, 26, 36, 38). With such strict rulés, importance is placed on
the appropriate sampling and detection methods, as well as the adequate |
sanitétion practices. However, there is no standardized swabbing protocol for
environmental sampling. Materials such as cellulose sponges, composite-ply
tissues, and cotton tipped swabs have been used in microbial analyses for beef
carcass tissue (28) and pork loin primal cuts (20); however, there is a lack of
published data that reports efficiency of swabbing methods when used in an
environmental setting. |

Vorst et al. (40) evaluated sterile environmental sponges, sterile cotton-
tipped swabs, sterile calcium alginate fiber-tipped swabs, and one-ply composite
tissues for the quantitative recovery of L. monocytogenes from 304-grade
stainless steel plates. They found that the one-ply composite tissue is superior
(P<0.001) in the quantitative recovery of L. monocytogenes in comparison to the
environmental sponge, cotton-tipped swab or the calcium alginate fiber-tipped
swab. The results of the current study are in accordance with Vorst et al. (40)

with the composite ply tissues being a suitable method for the recovery of Listeria
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spp.; however, the current results show that the SS was equivalent to the CT in
recovery of Listeria spp. Sterile sponges were more appropriate for qualitative
sampling performed in the food processing areas due to the ease of handling and
good recovery of Listeria spp. Results of the current study revealed that the
cotton tip swab was the least efficient in the recovery of Listeria spp., which is
also in agreement with the results of Vorst et al. (40).

It is important to consider the extent to which the studies can be compared,
as they were performed under very different conditions. Vorst et al. (40)
simulated bacterial behavior in food processing plants using stainless steel
coupons inoculated with pure cultures. Food production areas are often
inhabited with-a variety of microorganisms and thus the outcome of studies in the
processing environment may be very different from laboratory studies intended to
simulate a processing environment. The conditions of the surface and the state
of the microflora may affect the numbers of bacteria recovered by any sampling
method (20, 31). Also, when choosing a sampling method, the type of the food
being _processed, potential microflora present, material of the sampling device
used, as well as whether qualitative or quantitative assays are required, need to
be considered. Vorst et al. (40) evaluated quantitative recovery of Listeria while
we were interested in a qualitative method since current policies are based on
the presence or absence of Listeria in ready-to-eat foods and processing
environments.

In addition, ease of handling and the cost of the sampling device are

important factors that cannot be overlooked. While CT is less expensive and
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comparable to SS when it} comes to recovery of Listeria spp., the time it takes to
prepare CT (ca. 65 min for 40 samples) and a greater chance of contamination
during preparation steps are considerable disadvantages of the CT swabbing
method. Although the methods were similar in their ability to recover Listeria
spp., the time and labor in the preparation and difficulties in handling the CT for
environmental sampling may make it undesirable for routine sampling in food
processing environments.

Testing food products for the presence of pathogenic microorganisms is
generally a priority; however, for pathogens such as L. monocytogenes that can
persist in food manufacturing facilities for a long time and result in recurring
product contamination (718), vtesting of the processing environment is critical. To
minimize labor and time associated with conventional culture methods, a number
of user-friendly and rapid pathogen detection methods have been developed. A
variety of factors can affect the performance of detection methods (70) and for
this reason many of them have been developed to accommodate specific types
of foods, as well as microorganisms of interest. For instance, commercially
available LF| and ready-to-use PCR kits are available for testing of a wide variety
of foodborne pathogens, including Salmonella, Campylobacter, Escherichia coli
0157:H7, and Listeria spp. In this study, the detection of Listeria spp. by three
rapid technologies was compared with a standard culture method.

Conventional culture assays were historically regarded as the most reliable
methods (716, 29); however, because they are time-consuming, the food industry,

especially manufacturers of perishable foods, need more rapid detection
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alternatives. PCR based technologies, sUch as the BAX® system, have reduced
the time required for detection of Listeria spp. to 48-50 h after sampling (47). In
the current study BAX® was an excéllent alternative to the culture method, with
high sensitivity (99.1%) and specificity (100%) for detecting Listeria spp. in

| environmental samples. Similarly, Hoffman and Weidmann (24) in 2001 reported
sensitivity and specificity rates of 94.7% and 97.4% when they followed the
manufacturer’s protocol. Norton et al. (32) also evaluated performance of BAX®
for the detection of Listeria spp. in cold-smoked fish products and environmental
samples. The sensitivity (89.9%) and specificity (96.2%) values they obtained
were lower than the results in the current study; however, modifications of the
methodology may explain some of the differences. In this study, a two-stevp
enrichment protocol was used. In contrast, Norton et al. (32) used a single-step
enrichment in Listeria enrichment broth (LEB), which may have resulted in low
numbers of Listeria in the enrichment culture, and this may have impacted the
sensiﬁvity of the BAX® system (32). In addition, since 2000 when Norton et al.
(32) published their findings, improvements of the BAX® system through the
inclusion of an internal positive control in each reaction tube has been
implemented to confirm that substances present in the sample do not inhibit the
PCR reactions (24). Other studies comparing PCR-based methods, such as
BAX®, to culture assays for detection of L. monocytogenes reported sensitivity
and specificity rates of 92.7% and 84.9%, respectively, for samples obtained by
swabbing the equipment in a chicken nugget proc;essing plant (33), and values of

84.8% and 100% for sensitivity and specificity, respectively, when testing raw fish
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materials (24). Becker et al. (11) noted a sensitivity of 100% and a specificity of
92% in a study evaluating L. monocytogenes detection in cold smoked vacuum
packaged salmon, with the results being similar to those obtained in the present
study. Although sensitivity and specificity values seem to vary between studies, |
based on the published data and results obtained in the current research, the
BAX® system for screening Listeria spp., and L. monocytogenes in particular can
be effective means of monitoring the bacteria in smoked fish (32) and meat
processing environments (33).

The lateral flow immunoprecipitation device was slightly lower in sensitivity
(94.5%) compared to culture than the BAX® system for detection of Listeria spp.
in environmental samples; however, the specificity rate (100%) was high
indicating the capability of the method for identification of negative samples
efficiently. Bohaychuk et al. (12) also reported specificity of 100% for LFI when
screening for Listeria in meat and poultry products.’ Rodrigues et al. (33)
evaluated the Listeria Rapid Test-Clearview™, which is based on use of the
specific monoclonal antibodies against flagellar antigen B of Listeria, and in
principle it is similar to the LF| device tested in the current study. Sensitivity and
specificity values of 98.5% and 100%, respectively, for Clearview™ (33) were
reported,' which are comparable to the current results for LFI, indicating that
lateral flow immunoprecipitation based assays are excellent alternatives to
conventional culture methods.

Unlike the PCR and LFI methods, the EL Petrifilm™ method demonstrated

poor performance in its ability to detect Listeria spp. in environmental samples
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collected from meat processing facilities. AIthoUgh sensitivity and specificity
values of 98% and 100%, respectively, have been reported by 3M Microbiology
(8), in the current study sensitivity and specificity values of 50.6% and 91.5%
were obtained. Groves and Donelly (22) found sensitivity and specificity rates of
87.5% and 96.7%, réspectively, for the EL Petrifilm™ method used to detect
Listeria spp. on environmental and food contact surfaces in a dairy plant. These
results along with the results of the current research indicate that the EL
Petrifilm™ may be used for routine screening of the food processing facilities due
to the fairly low number of false positive samples reported. However, of the three
rapid technologies tested, the EL Petrifilm™ was the least efficient in detection of
Listeria spp. in the food manufacturing environment as a result of the high
number of false negative samples. In addition, a large proportion of the colonies
growing on the EL Petrifilm™ that appeared to meet the criteria set by 3M™
Micrqbiology for identification as Listeria spp. were not able to be confirmed as
Listeria spp. Poor detection of Listeria spp. in the environmental samples by the
EL Petrifilm™ might be attributed to low numbers of the microorganisms present,
or due to overgrowth of competitive microfldra (Figures 2-3 to 2-5). In addition,
comparison of the studies done on natUraIIy contaminated samples, such as
those obtained from the food processing facilities is limited due to the differences
in sampling procedures, food matrices, as well as testing conditions. Therefore,
the results obtained in the study and data presented in other studies have to be

evaluated individually.
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The overall occurrence and distribution of Listeria spp. in meat
manufacturing environments were evaluated from November 2005 until May
2007. Listeria spp., particularly, L. monocytogenes were found in areas where
raw meat was processed and in areas where cooked products were handled in
facility A, which processes a variety of meat products. No samples obtained from
facility B contained L. monocytogenes.

Thé overall contamination of environmental samples with Listeria spp. from
facility A was 38.0% which is comparable to the contamination of samples from
environment of a poultry processing plant (37%) reported by Lawrence and
Gilmour (27), but it is lower than the 59% observed by EI-ShenaWy (18) in ice-
cream processing facilities. Chasseignaux et al. (73) observed 38.9% sample
contamination from the environment of poultry processing facilities and 37% in
pork processing environments, which are very close to the results obtained in the
current .study. However, in comparison to the fish industry, the contamination
observed in facility A is considerably higher than the 7.2% (30) and 11.8 % (25)
positive samples recovered from fish processing factories, and 20% and 29%
contamination of samples with Listeria spp. from a fish slaughterhouse and
smokehouse, respectively, reported by Rarvik et al. (34).

The occurrence of L. monocytogenes in environmental samples collected
during the 19-month sampling period was 22.2%. Results from the current study
are considerably lower than the 55% contamination found in samples from
delicatessen meat processing facilities in France (35). Gianfranceschi et al. (19)

observed that only 27.9% of samples from the environment and work surfaces
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were contaminated with L. monocytogenes in three different food processing
facilities in a study carried out in Italy between 1990 and 1999. In particular,
9.7% of samples obtained from meat production areas were contaminated with L.
monocytogenes (19) which is considerably lower than the occurrence observed
in the current study (22.2%). The results from the current research indicated that
51.9% of samples collected in the areas where raw meat was processed were
positive for Listeria spp., which is considerably higher than the 26% reported in
the environment of a poultry plant in the area where raw meat is handled during a
six months study conducted by Lawrence and Gilmour (27). However, only 8.8%
of the samples recovered from the area where cooked products were handled
contained Listeria spp., which is notably lower than 15% samples that were
positive for Listeria in areas where raw and cooked poultry is handled (27). In the
current research, the occurrence of contamination of the food production areas
after cleaning and sanitation was lower than that observed during or after
processing, which is in accordance with that reported for the contamination of the
environment and products produced in dried sausage processing facilities (38),
delicatessen meat processing facilities (35) and fish slaughter- and smokehouses
(42). The number of samples that tested positive for L. monocytogenes was the
same for both sampling times, after cleaning avnd sanitation, and during or after
processing, while more L. innocua and L. welshimeri were recovered from
samples obtained during or after processing than after cleaning and sanitation
(Figure 2-6). In the current study a slightly higher number of samples that tested

positive for Listeria spp. were obtained after cleaning and sanitation in the areas
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where cooked products were handled, indicating that these areas may harbor
persistent strains that are possibly resistant to sanitizers and more difficult to
eliminate (42). In contrast, Salvat et al. (35) reported that samples obtained from
areas where RTE products are handled were less likely to be contaminated with
Listeria spp.

In faciliiy B, only one samplé tested positive for Listeria spp., in particular L.
innocua, .indicating very effective cleaning and sanitation regimes. Even though
it is hard to eliminate all Listeria spp. from the food processing environment, this
study shows that with good cleaning and sanitation practices it is possible to
achieve low numbers of Listeria spp. However, it is important to note that the two
facilities visited in this project process different meat products and their
processing protocols are notably different. In addition, facility A is a larger scale
facility in comparison to facility B. Therefore, the extent to which the
contamination of the two processing facilities can be compared is limited.
Nevertheless, the variability in contamination of the two facilities further suggests
that establishing contamination patterns for Listeria spp. in the food processing
environment can be particularly difficult. If a high occurrence of contamination is
observed in any food processing facility, the cleaning and sanitation regimes
need to be improved, with a focus on the critical control points, which in most
facilities are different.

Results of the current study indicated that there was an excellent
agreement of the LFI and PCR methods with the culture method, while moderate

agreement was observed for the EL Petriflm™ method. Overall, the EL
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Petriflm™ was found to be easy to use but less efficient in detection of Listeria
spp. in environmental samples, while the LFI and BAX® methods were found to
be excellent alternatives to the culture method, considering performance, time
and labor inputs.

In addition, the occurrence of contamination with Listeria spp. of the meat
processing facilities in Edmonton varies tremendously from one facility to the
other. Further investigation is required to determine reasons for higher
contamination of facility A in comparison to facility B, particularly focusing on thé
differences in sanitation protocols, equipment and facility design, as well as
management and personnel attitude and awareness regarding the presence of
Listeria spp. Even though there have not been any documented outbreaks
associated with L. monocytogenes in meat from the two facilities involved in the
study, the presence of L. monocytogenes in the areas where cooked products
are handled is a serious concern. When it comes to L. monocytogenes, the
importance of adequate cleaning, good manufacturing practices, and education
of the facility personnel cannot bé underestimated. Therefore, in addition to
regular food sampljng to assess food safety and quality, it is critical to evaluate

cleaning and sanitation protocols on a regular basis.
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3. SUSCEPTIBILITY TO SANITIZERS OF PERSISTENT AND
NONPERSISTENT STRAINS OF L. MONOCYTOGENES GROWN IN
PLANKTONIC AND BIOFILM STATES

3.1 Introduction

L. monocytogenes has been shown to persist on a variety of surfaces in
food processing facilities (9, 18). Different hypotheses have been proposed for
persistence in food processing areas, some of which include inadequate cleaning
and sanitation practices (2), particular food environments and surfaces being
more prone to harboring pathogenic microorganisms (18, 26, 27), formation of
‘biofilms (13), increased resistance to certain sanitizers (13, 16), and variability of
L. monocytogenes strains in their ability to form biofilms and adapt to
environmental stressors (6, 79). Although the underlying cause of persistence is
unkndwn, the ability of these organisms to persist on both environmental and
equipment surfaces is a concern for the food industry.

The type of surface and the ability to form biofilms can affect the
susceptibility of L. monocytogenes to different sanitizers (13, 24, 27). Stainless
steel surfaces allow more biofilm formation in comparison to plastic (73) and
buna-n rubber (rubber containing acrylonitrile butadiene, which is commonly used
in food processing equipment) surfaces (27). However, more successful
inactivation or removal of cells within biofilms is observed on stainless steel
surfaces as opposed to plastic (73) and rubber surfaces (24, 27). Studies have
demonstrated that commonly used sanitizers such as chlorine, iodophors and

~ certain quaternary ammonium compounds (QAC) at concentrations
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recommended by manufacturers may not be effective in the inactivation of
adherent cells of L. monocytogenes (13, 21). Most sanitizers can effectively
reduce the numbers of or inactivate planktonic cells of L. monocytogenes (13);
however, when L. monocytogeneé are grown in biofilms, higher concentrations of
sanitizers are required to have a bactericidal effect (7, 73). Lundén et al. (17)
demonstrated that strains of L. monocytogenes that can persist in the processing
environment for Ibng periods of time exhibit enhanced adhesion to stainless steel
surfaces after a short contact time compared to nonpersistent strains; however, if
these strains were observed after a longer contact time the differences were
marginal. Even if certain strains of L. monocytogenes adhere better to surfaces,
it is not necessarily an indication that they are better biofilm formers than those
strains that do not exhibit strong adherence properties (7, 10). Scanning electron
microscopy analysis of various persistent and nonpersistent strains did reveal
remarkable differences in the biofilm structures of persistent and nonpersistent
strains (4). The behavior of organisms on surfaces is a complex process affected
by many factors.

Contradictory results have been reported regarding the resistance to
sanitizers of persistent strains of L. monocytogenes when compared to
nonpersistent strains when cells are grown in planktonic state and in biofilms.
Inter-strain variation in the resistance of planktonic cells of individual strains of L.
monocytogenes to low concentrations of different sanitizers has been obser\)ed
(1, 7, 19); however, correlation between resistance to sanitizers and the ability of

an organism to persist in the environment when tested in a suspension has not
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been reported (7, 11, 12). Itis important to note that resistance of L.
monocytogenes tb concentrations of sanitizer equal to or higher than those
recommended by the manufacturer when bacteria were grown in a liquid
suspension has not been established. |

Similarly, research on resistance to sanitizers when bacteria are attached to
various surfaces is somewhat contradictory. Krysinski et al. (74) demonstrated
that a variety of biocides, such as neutral and acidic QAC sanitizers, mixed
halogen, acid anionic, and peracetic acid based sanitizers were effective in
inactivation of cells of L. monocytogenes adhered to stainless steel even when
concentrations recommended by manufacturer were applied. In contrast, Frank
and Koffi (8) demonstrated that some strains of L. monocytogenes grown on
glass slides have the ability to develop resistance to quaternary ammonium and
anionic acid sanitizers under different growth conditions.

Differences in experimental design, such as application of different assays
to test for resistance to sanitizers and the lack of standardization for sanitizer
concentrations that classify bacteria either resistant or susceptible make
comparison of studies particularly difficult. It is probable that reéistance of a
bacterial strain to specific sanitizers depends on the history of the bacterium,
including source of the strain, inherent and acquired traits, previous exposure to
different sanitizers as well as different concentrations of sanitizers.

The aim of this study was to investigate the susceptibility of strains of L.
monocytogenes acquired from meat processing environments to two sanitizers

used by the meat processing establishment. The strains were grown in liquid
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suspension and attached to stainless steel or plastic surfaces. A further objective
was to determine if persistent strains of L. monocytogenes were more resistant to
these sanitizers compared to nonpersistent strains and a laboratory strain of L.

monocytogenes.
3.2 Materials and methods

3.2.1 Cultivation of L. monocytogenes

Persistent and nonpersistent strains of L. monocytogenes were identified
using pulsed field gel electrophoresis (PFGE) as part of a concurrent study.
Identical strains that were repeatedly recovered from the processing environment
were considered persistent, and strains that were recovered sporadically were
considered nonpersistent. Five strains of L. monocytogenes [two persistent (P1
and P2), two nonpersistent (NP1 and NP2), and L. monocytogenes ATCC 19115
(ATCC)] were inoculated separately into 10 ml of tryptic soy broth (TSB; Bacto™,
Becton, Dickinson and Company, Sparks, MD) and incubated at 35°C for 18 to
24 h to obtain ca. 10° CFU/mI, which was measured using a spectrophotometer
(GENESYS™ 20, Thermo Fisher Scientific Inc., Edmonton, AB) set at 600 nh.
When necessary, the test suspension was adjusted using TSB to reach an ODgqg
between 0.3 and 0.4 nm, corresponding to ca. 10° CFU/ml. Following the
adjustment, planktonic cells were centrifuged (1,578 xg; Jouan C 3.12 Modéel,
Canberra Packard, Canada), decanted and resuspended in 10 ml of 0.85%
saline (Sigma Chemicals Co., St. Louis, MO). The test suspension for the assay

with planktonic cells was prepared by diluting serially in 0.85% saline to obtain
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ca. 10" CFU/ml. The test suspension for use in the biofilm assay was diluted in
TSB to obtain ca. 10° CFU/ml. Viable cell counts were determined for each
strain by serial dilution of the test sUspension in sterile 0.1% peptone water
(Difco™) and using Tryptic Soy Agar (TSA; Difco™) incubated at 35°C for 24 h to

confirm the starting concentration of bacteria used in the experiments.

3.2.2 Preparation of stainless steel coupons

Stainless steel coupons (type 304, SS-8, No. 4 finish, 12 mm diameter;
Stanfos, Edmonton, AB, Canada) were soaked overnight in 1 N NaOH, rinsed
three times in sterile distilled water and autoclaved at 121°C for 30 min prior to
use. For coupons that were used more than once, coupons were soaked
-overnight in 100% éthanol, followed by manual cleaning of the surface with a soft
brush to remove any residual biofilms, after which coupons were placed in 10%
bleach and allowed full contact for 1 h. Prior to use the coupons were rinsed with

sterile distilled water and autoclaved at 121°C for 30 min.

3.2.3 Preparation of sanitizer

The two sanitizers used in the study were E-San®10%, a QAC-based
sanitizer containing 5% N-alkyl dimethyl benzyl ammonium chloride and 5% N-
alkyl dimethyl ethyl benzyl ammonium chloride (Epsilon Chemicals Ltd.,
Edmonton, AB, Canada), and Perox-E® (Epsilon Chemicals Ltd.) containing
hydrogen peroxide and acetic acid as active compounds. Sanitizers were stored
at 4 + 2°C according to the manufacturer's recommendations. For experiments -

involving sanitizer susceptibility of planktonic cells of L. monocytogenes grown in
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TSB, concentrations of 50, 100, 200, 300, 400 and 800 parts per million (ppm)
were used for E-San®, and concentratidns of 70, 200, 500, 800 and 1100 ppm
were used for the Perox-E® sanitizer. Working solutions were prepared by
diluting the concentrated sanitizers in sterile distilled water and were used within
3 h of preparation. In experiments that tested the susceptibility to sanitizer of L.
monocytogenes cells grown statically in a biofilm at 35°C for 48 h on the
stainless steel coupons, concentrations of 100, 200, 300, 400, 500 and 600 ppm
of E-San® weré used, and for Perox-E® concentrations of 900, 1100 and 1300
ppm were tested. For experiments that involved biofilms grown on the plastic
pegs of a MBEC™ device (MBEC Biofilms Technology Ltd., Calgary, AB,
Canada) starting concentrations for E-San® and Perox-E® sanitizers were 10,000
ppm and 38,400 ppm, respectively. These concentrations of sanitizers were
added directly to the second column of a 96-well microtitre plate (Nunclon, Delta,
Roskilde, Denmark) to be used as a sterility control with no contact with biofilm
pegs (i.e. pegs were detached and discarded). Therefore, working solutions of
5,000 ppm E-San® and 19,200 ppm Perox-E were prepared by diluting the stock
solutions of sanitizers in TSB. A two-fold dilution series of the working solutions
were prepared along the rows of microtitre plates, with the first column containing
only TSB as a sterility control without any contact with biofilm pegs and the last
column containing TSB in contact with biofilm pegs (positive control) as shown in

Figure 3-1.
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Figure 3-1. lllustration of the set up of a 96-well microtitre plate contalnmg different
concentrations of two sanitizers, E-San® (rows A to D) and Perox-E® (rows E to H). One

microtitre plate was used for each strain to test the susceptibility to sanitizers of the L.
monocytogenes grown in the MBEC™ HTP assay.

3.2.4 Microtitre plate assay for biofilm formation on stainless steel

coupons

Sterilized coupons were individually placed into the wells of a sterile,
polystyrene 24-well microtitre plate (Corning Incorporated, Corning, NY).
Biofilms were grown using a new microtitre plate for each strain to minimize the
chance of cross-contamination. Once the culture inoculum was standardized to
ca. 10° CFU/ml, the cultures were vortexed for 15 s and 2 ml of the inoculum was
transferred into each well of the microtitre plate that contained a coupon. Plates
were covered with a closely fitting lid and incubated statically at 35°C for 48 h.
After incubation sterile forceps were used to carefully remove each coupon so as
not to disturb the biofilm and the coupon was gently rinsed with sterile distilled
water to remove loosely attached cells. The coupons were used immediately in
the sanitizer susceptibility assays. For each strain, a negative control (a sterile

coupon immersed in 0.85% saline) and a positive control (an inoculated coupon
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immersed in 0.85% saline) were run for every experiment. Experiments were

replicated at least three times for each strain of L. monocytogenes.

3.2.5 Susceptibility of planktonic cells of L. monocytogenes to sanitizers

In a sterile 24-well microtitre plate, 1.9 ml of each sanitizer at the
appropriate concentrations were added to individual wells, while 0.85% saline
was used for the negative and the positive controls, as described previously.
Culture inoculum (100 pl) adjusted to ca. 10" CFU/ml was added directly to the
wells containing appropriate concentrations of sanitizer, gently stirred, and after
30 s 100 pl of the solution was transferred into sterile tubes containing 10 ml of
D/E Neutralizing broth (DEB; Difco™). Tubes were incubated at 35°C for 24 and
48 h. Results were recorded as positive when color of the medium turned yellow,
and as negative (absence of growth) when color of the medium remained purple.
After 48 h, all samples were streaked onto TSA (incubated at 35°C for 24 £ 2 h)
to confirm the presence or absence of viable cells. Experiments were replicated

at least three times for each strain of L. monocytogenes.

3.2.6 Susceptibility to sanitizers of biofilms of L. monocytogenes grown
on stainless steel coupons
To determine susceptibility of L. monocytogenes grown in biofilms on
stainless steel coupons, 2 ml of the different concentrations of each sanitizer
were added to the wells of a sterile 24-well microtitre plate with 0.85% saline
used for the negative and positive controls. Inoculated coupons were lowered

into the sanitizer solution with sterile forceps, and allowed contact with sanitizers
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for 5 min. Upon removal from the sanitizer solution with sterile forceps, coupons
were placed into tubes containing 10 ml of DEB and incubated at 35°C for 24 h
and 48 h. Results were recorded as growth (+), absence of growth (-), and
unclear (mixed). After 48 h, all samples were streaked onto TSA (incubated at
35°C for 24 + 2 h) to confirm presence or absence of the viable cells. The assay

was replicated at least three times for each strain of L. monocytogenes.

3.2.7 Susceptibility to sanitizers of L. monocytogenes biofilms grown

using the MBEC™ device

Bacterial biofilms of five L. monocytogenes strains were grown in the
MBEC™ assays following the manufacturer’s instructions (Innovotech
Incorporated, Edmonton, AB, Canada), and as previously described by Ceri et al.
(5) with slight modifications. The MBEC™ HTP device used in the experiments
consists of a corrugated trough that holds 22 ml of the inoculum and a closely
fitting lid with 96 pegs, which allows for growth of one type of biofilm that can be
tested using a variety of sanitizers.

The MBEC™ HTP device was positioned on a rocking table (Gel Surfer,
Diamed Lab Supplies Inc., Mississauga, ON, Canada) set at 3.5 rpm, at room
temperature for 96 h. Following incubation, biofilms formed on the plastic pegs of
the MBEC™ device were rinsed with 0.85% saline for 1 min, and then inserted
into the microtitre plate'containing different concentrations of sanitizers as
illustrated in Figure 3-1. The biofilms were exposed to sanitizers for 10 min,

under static conditions in a biosafety hood.
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Following the exposure to sanitizers, pegs containing the biofilms were
rinsed twice in 0.85% saline. After rinsing, biofilms were placed into sterile
microtitre plates with each wele containing 200 pl of fresh DEB, and disrupted for
15-20 min with a water table sonicator (Bransonic 52, Branson Ultrasonics
Corporation, Danbury, CT). Microtitre plates containing DEB and disrupted
biofilms were incubated at 35°C for‘ 24 h. Results were recorded based on the
color change, as previously described. |

Biofilm formation was confirmed prior to exposure to sanitizers by breaking
off at least two pegs from the MBEC™ device for each strain and immersing the
pegs in 200 pl of 0.85% saline. Biofilms were disrupted by sonication, as
described above. Following serial dilution in sterile 0.85% saline, viable counts
were determined by spot plating on TSA (incubated at 35°C for 24 h). Viable
counts of cells grdwn for 72 h in TSB (i.e. planktonic cells) in the corrugated
trough of the same MBEC™ device used for biofilm growth, were determined by
transferring 20 pl of the culture into 180 pl of 0.85% saline, serially diluting and
spot plating on TSA (incubated at 35°C for 24 h).

Microtitre plates were used to test the minimal inhibitory concentration .
(MIC) of each sanitizer against the planktonic cells of L. monocytogenes. The
MIC was defined as the lowest concentration of the sanitizer in which growth of
planktonic bacteria (i.e. loose cells sloughed off from the pegs that remained in
the sanitizer solution after 10 min exposure) could not be observed. The MIC

values were determined by inspecting wells for turbidity, followed by streaking the

90

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



contents of each well onto TSA (35°C for 24 £ 2 h) to confirm presence or

absence of microbial growth. The experiments were replicated two times.

3.2.8 Microscopic examination of L. monocytogenes biofilms grown on

stainless steel coupons

To confirm biofilm format’ion on the coupons for each of the five strains used
in the experiments, following the 48 h growth at 35°C and before any sanitizer
treatment coupons were observed using a scannihg electron microscope (SEM,;
Philips/FEI LaB6 Environmental Scanning Electron Microscope). The coupons
were fixed in 2% glutaraldehyde in 0.1 M phosphate buffer (pH 7.2) for 1 h at
room temperature, followed by two rinses with phosphate buffer for 30 min each.
The samples were dehydrated in a sequential series of 20, 40, 60, 80% ethanol
and two consecutive exposures to 100% ethanol, for 30 min each. The coupons
were exposed gradually to hexamethyldisilazane (HMDS) by immersing them for
30 min into each of 3:1, 1:1, 1:3 ratios of ethanol (100%) and HMDS (100%),
respectively, foIIowe_d by two 30 min exposures to 100% HMDS. The coupons
were mounted on an aluminum stub and sputter-coated with gold (Hummer
Sputter Coater, Anatech, Haywafd, CA, U.S.A). The images were captured using
the Philips/FEI LaB6 Environmental Scanning Electron microscope operated at
15 kV.

To determine the presence of viable cells after treatment with sanitizers of
either 200 or 600 pph E-San® or 900 ppm Perox-E®, the coupons were stained
using LIVE/DEAD® BacLight™ Bacterial Viability Kit (Molecular Probes, Inc.,

Eugene, OR). The staining solution was prepared by dissolving the contents of
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one component A (SYTO 9) dye and one component B (propidium iodide) dye
together in 5 ml of sterile distilled water. Final concentrations of the dyes were 6
MM SYTO 9 and 30 pM propidium iodide. The mixed dye (20 pl) was placed on
the coupons and left for 15 min in the dark, after which they were viewed using
the upright fluorescence microscope (Axio Imager, Carl Zeiss GmbH, Géttingen,
Germany) at 100X magnification. A control sample was prepared using a
population of 50% live cells of L. monocytogenes and 50% dead (exposed to

95°C for 10 min) cells of L. monocytogenes.

3.3 Results

3.3.1 Effect of sanitizers on planktonic cells

Among the six concentrations of the E-San® sanitizer that were tested
against planktonic cells of different strains of L. monocytogenes, the lowest
concentration (50 ppm) was effective in completely inactivating cells of all the
tested strains after a 30 s exposure time. For Perox-E®, 800 ppm was the
minimal concentration required to inactivate the strains of L. monocytogenes

grown in suspension with a 30 s exposure time.

3.3.2 Effect of sanitizers on biofilms grown on stainless steel coupons

None of the six concentrations of E-San® (100, 200, 300, 400, 500, and 600
ppm) that were used to test the susceptibility of L. monocytogenes grown on the
stainless steel coupons were effective in complete inactivation of the five strains

after 5 min of exposure. However, all three concentrations of Perox-E® (900,
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1100, and 1300 ppm) were effective in inactivation of cells grown for 48 h on the -
stainless steel coupons, after 5 min of contact time. No recovery of injured cells,
or microbial growth after incubation of the coupons in neutralizing broth was
obsérved for the lowest concentration of Perox-E® (900 ppm).

Persistent and nonpersistent strains of L. monocytogenes did not differ in
their susceptibility to different concentrations of the two sanitizers, nor were any
differences observed for L. monocytogenes ATCC 19115 compared to the
persistent and nonpersistent strains of L. monocytogenes obtained from the meat
processing environment. When grown in TSB L. monocytogenes ATCC 19115
required a longer incubation time to reach the same cell density compared to the
strains obtained from the environment of meat processing facilities. SEM images
revealed lower cell density of cells attached to the coupons after 48 h for the
ATCC strain as compared to‘ the two persistent (P1 and P2) and one of the'
nonpersistent (NP1) strains of L. monocytdgenes (Figure 3-2).

Following the treatment with sanitizers and 24 h incubation of the DEB,
variable results were observed for the L. monocytogenes ATCC 19115, where
certain localized areas in the DEB were yellow indicating growth and other areas
in the broth remained purple. However, after 48 h incubation all samples turned |
yellow which indicated that the organisms had recovered and were able to grow.
In contrast, the bright and distinctive yellow color of DEB was observed for the
persistent and nonpersistent strains of L. monocytogenes following the 24 h

incubation period.
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Figure 3-2. Scanning electron micrographs of persistent [P1 (A) and P2 (B)] L. monocytogenes,
nonpersistent [NP1 (C) and NP2 (D)] L. monocytogenes and L. monocytogenes ATCC 19115 (E) attached to
stainless steel coupons (type 304, No. 4 finish). Persistent and nonpersistent strains were obtained from the
environment of a meat processing facility. The bars in the right corner measure 5 ym (A) and 10 um (B, C,

D, E).

Examination of the stainless steel coupons treated with sanitizers and the
LIVE/DEAD® BacLight™ probes showed that for all strains not all cells were
inactivated after treatment with 600 ppm E-San®, the highest concentration that

was tested (Figure 3-3).
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Figure 3-3. Images of persistent P2 (A) and nonpersistent NP2 (B) strains of L. monocytogenes
obtained from a meat processing facility, and L. monocytogenes ATCC 19115 (C) after treatment
with 600 ppm quaternary ammonium compound sanitizer (E-San®). Cultures were grown on
stainless steel coupons at 35°C for 48 h, treated with sanitizer and stained with LIVE/DEAD®
Baclight™ probes. Images A1, B1 and C1 illustrate the population stained with propidium iodide;
A2, B2 and C2 show cells stained with SYTO 9.
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Results revealed more viable than dead cells when coupons were treated with
200 ppm E-San® (data not shown). When coupons were treated with 900 ppm

Perox-E® the cells appeared dead (data not shown).

3.3.3 Effect of sanitizers on biofilm and planktonic cells grown on the

MBEC™ devices

The highest concentrations of E-San® and Perox-E® sanitizers tested
against biofilms of different strains of L. monocytogenes grown for four days at
room temperature were 5,000 ppm and 19,200 ppm, respectively. Even at the
highest concentration tested, E-San® was not able to inactivate biofilm cells for
any of the five strains of L. monocyfogenes that were tested. The minimal - |
concentration required to inactivate biofilm cells using Perox-E® was 4,800 ppm
for all of the five strains of L. monocytogenes tested. The Perox-E® sanitizer was
more efficient in inactivation of the biofilm cells compared to E-San®; however,
both sanitizers were tested at far higher concentrations than those recommended
by the manufacturer.

For the planktonic cells of the five strains of L. monocytogenes tested the
MIC observed for E-San® and Perox-E® were 39 ppm and 150 bpm, respectively.
These concentrations are considerably lower than the concentrations

recommended by the manufacturer.

3.4 Discussion

Experiments were done to investigate the resistance to two sanitizers of five

strains of L. monocytogenes grown either as planktonic cells or in biofilms on
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stainless steel coupons or plastid surfaces. The minimum inhibitory
concentrations of sanitizers for planktonic cells of L. monocytogenes were
substantially lower than the concentrations recommended for use by the
manufacturer. Other researchers (12) have also observed that the concentration
of sanitizers required to reduce the number of cells grown in liquid medium is
much lower than thaf recommended by the manufacturer. The MICs for the
sanitizers used in this study were 5 to~7 times lower than the concentrations |
recommended by the manufacturers. In the current study 39 ppm QAC (E-San®)
or 150 ppm Perox-E® were able to inactivate ca. 10° CFU/ml L. monocytogenes.
Similar,results were reported by Earnshaw and Lawrence (7) when they exposed
19 different strains of L. monocytogenes grown in a suspension to concentrations
recommended by the manufacturer for three different sanitizers. The results from
the current research are in agreement with the findings of other studies that
generally lower concentrations of sanitizers than those recommended by
manufacturers are sufficient in inactivation of planktonic cells (7, 11, 12).
Although the concentrations required to reduce populations of L.
monocytogenes groWn as planktonic cells were low, the minimum inhibitory
concentrations for the same strains grown on surfaces were far greater than the
concentrations recommended by the manufacturer and the concentrations
reported in other studies. The investigation of the susceptibility to sanitizers of
five strains of L. monocytogenes attached to stainiess steel and plastic surfaces
indicated that resistance of L. monocytogenes to QAC is high. When five strains

of L. monocytogenes were allowed to attach to stainless steel surfaces for 48 h,

97

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



the 600 ppm of a QAC sanitizer applied for 5 min was not effective in completely
inactivating the population. These results are in accordance with Frank and Koffi
(8) who reported that microcolonies of L. monocytogenes attached to glass‘
surfaces can survive when exposed for 20 min to 800‘ppm of a QAC-based and
an anionic acid sanitizer. Lee and Frank (75) observed 100 times greater
resistance to 200 ppm hypochlorite for cells of L. monocytogenes allowed to
adhere for 8 days to a stainless steel surface when compared to cells grown for 4
h. Other studies have also noted resistance of L. monocytogenes cells grown in
a biofilm consortium to chlorine-based and iodophor sanitizers (3;, 14, 21).
However, there are reports that cells of L. monocytogenes adhered to surfaces
can be effectively inactivated on stainless steel by sodium hypochlorite and QAC-
based sanitizers at concentrations recommended by the manufacturers (22).
Mustapha and Liewen (22) evaluated the ability of two commercially available
sanitizers, sodium hypochlorite and a QAC sanitizer, to reduce the population of
L. monocytogenes ATCC 7644 grown on stainless steel surfaces for 1 h and 24
h. They found that 200 ppm of either sanitizer applied for 2 min could effectively
inactivate adherent cells of L. monocytogenes (22). They also reported that 50
ppm QAC applied for 1 min can effectively inactivate cells of L. monocytogenes
grown on both non-porous and porous stainless steel surfaces (22). These
findings are quite contrary to the results reported in the current study. Howevef,
some differences in results may be attributed to source variation of the strains of
L. monocytogenes used in the studies (25), as well as composition of the QAC

sanitizer. Mustapha and Liewen (22) used L. monocytogenes ATCC 7644 while
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the strains of L. monocytogenes used in the current study were obtained from
meat processing environments, where bacteria are known to endure different
environmental stressors (21, 25, 27).

The results of the current study indicated that the sanitizer containingv
hydrogen peroxide and acetic acid was more effective in its ability to inactivate
cells grown on stainless steel coupons than the QAC-based sanitizer based
sanitizer. In fact, 900 ppm Perox-E® was bactericidal for L. monocytogenes
biofilms formed on stainless steel. This concentration is less than the
concentration recommended by the manufacturer for sanitation of food
processing facilities. Other researchers have also reported that acidic QAC,
peracetic acid and chlorine dioxide (74) can inactivate biofilm cells more
efficiently than a neutral QAC (74), chlorine and iodophor (73) sanitizer.

Not only differences in sanitizers can impact the inactivation of biofilm cells,
but properties of various surfaces have also been demonstrated to play a role in
efficacy of sanitizer inactivation of adherent cells (74, 20, 21, 27). In the current
study, very high concentrations of the sanitizers were required to inactivate the
biofilms of L. monocytogenes grown for four days on the plastic pegs of MBEC™
devices. Concentrations of E-S‘an® of 600 ppm and 5,000 ppm were unable to
inactivate L. monocytogenes biofilms grown for 48 h on the stainless steel
coupons and four days on plastic pegs, respectively; whereas 900 and 4,800
ppm Perox-E® effectively inactivated L. monocytogenes biofilms grown on
stainless steel coupons for 48 hours and plastic pegs for four days, respectively.

Mafu et al. (271) established that higher concentrations of hypochlorite, iodophors
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and a QAC sanitizer are required to inactivate L. monocytogenes Scott-A cells
attached to polypropylene and rubber surfaces compared to that required to
inactivate cells grown on stainless steel and glass surfaces. Polypropylene
surfaces are especially difficult to sanitize with concentrations greater than
10,000 ppm hypochlorite and QAC required to inactivate L. monocytogenes
biofilms (27). Other researchers (13, 14) have reported that L. monocytogenes
grown on plastic or polyester/polyurethane surfaces cannot be easily inactivated.
It has been demonstrated that the type of surface can affect the efficacy of a
sanitizer and the results from the current study showed that a plastic surface may
be more difficult to sanitize than a stainless steel surface. However, differences
in assays used to determine sanitizer susceptibility of biofilms grown on stainless
steel and plastic surfaces make it difficult to draw clear conclusions that can be
applied in the food industry.

| Scanning electron micrographs of the different L. monocytogenes grown on
stainless steel (Figure 3-2) demonstrated the differences in the ability of the
different strains to form biofilms. Two persistent strains of L. monocytogenes
formed biofilms more readily on the stainless steel surface than one of the
nonpersistent and the ATCC strain; however one nonpersistent strain was able to
form a biofilm that was similar to that of the persistent strains. This is in part in
agreement with findings reported by Borucki et al. (4), Norwood and Gilmour
(23), and Lundén et al. (17) who observed that strains of L. monocytogenes that
persist in food processing facilities for a long time exhibit higher biofilm formation

than the nonpersistent L. monocytogenes strains. Even though in the current
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study persistent strains of L. monocytogenes formed biofilms more readily, there
was no difference in the susceptibility of the persistent, nonpersistent and the
laboratory control strain of L. monocytogenes to sanitizers, which indicated that
resietance to sanitizers may not be the reason why some strains persist in food
processing environments. Similar conclusions were drawn by Holah et al. (12)
and Earnshaw and Lawrence (7), who suggested that it is unlikely that
persistence of certain strains of L. monocytogenes is due to inherent
development ofv sanitizer resistance traits.

In summary, the current research confirmed that planktonic cells of L.
mohocytogenes can be effectively inactivated with concentrations of E-San®and
Perox-E® sanitizers lower than those recommended by the manufacturer,
regardless of the source of the strain or its persistence in the food processing
environment. When strains of L. monocytogenes were grown attached to
stainless steel and plastic surfaces, higher concentrations of both sanitizers were
required for inactivation. The QAC-based sanitizer was not efficient in
inactivation of the cells on the stainless steel and the plastic surfaces even with a
concentration three and 25 times higher than the manufacturer recommended
concentration, respectively. The sanitizer containing peroxide and acetic acid
effectively inactivated cells of L. monocytogenes grown on stainless steel
surfaces. In this case, the concentration of sanitizer required was 1.2 times lower
than the concentration recommended by the manufacturer for sanitation of food
processing environments. However, to inactivate biofilms grown for four days on

plastic surfaces the sanitizer concentration had to be increased to four times
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higher than the manufacturer's recommended concentration for application in the
food industry. Thus, the choice of a sanitizer can impact the efficacy of bacterial
inactivation when microorganisms are part of a biofilm consortium. Even though
certain strains of L. monocytogenes, in particular those that persist in food
processing environments, tend to be better able to form biofilms than those that
occur sporadically in the environment, no correlation was observed between
strain persistence and resistance to sanitizers when the bacteria were grown in
suspension or attached to surfaces. However, it is important to note that only two
persistent and two nonpersistent strains of L. monocytogenes were used in the
current research and that a study with more persistent and nonpersistent Listeria
spp. may be necessary in order to draw broad conclusions. Simulating the
conditions found in a food processing environment is one of the limiting factors in
the study of the behavior of biofilm bacteria (74). Therefore, future studies
involving multispecies biofilms including a variety of Listeria spp. obtained from
food processing environments and a variety of biocides used in the food
processing sector may give a more complete picture of how bacterial biofilms
found in féod processing facilities behave when exposed to sanitizers.
Additionally, the type of assay used to determine the susceptibility of a population
to sanitizers can impact the results, which emphasizes the need for method
standardization for assessment of sanitizer susceptibility to allow direct

comparison of different studies.
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4. SUMMARY AND CONCLUSIONS

Detection of Listeria spp. in food processing environments can be
influenced by sampling procedures and detection methods. Findings from the
current study demonstrated that the sterile sponge and composite tissue
swabbing methods are more efficient in recovery of Listeria spp. in samples
collected from the food processing areas than the cotton swab sampling method.
Similarly, some detection assays may be more efficient in identification of Listeria
spp. than others. When compared to the conventional culture method, the BAX®
method and lateral flow immunoassay were more sensitive and specific than the
EL Petrifilm™ detection method for identification of Listeria spp. when a large
number of samples were collected from meat ‘processing environments. Itis
believed that Listeria spp. are generally present in low numbers in food
processing facilities (2). Consequently, if less efficient swabbing and detection
protocols are used it is possible that the overall prevalence of Listeria spp., and
especially L. monocytogenes (7), in food production areas could be
underreported.

Investigation of the presence of Listeria spp. in two federally inspected meat
proc;essing facilities located in Edmonton, AB, Canada, resulted in 0.6% of the
samples positive for Listeria spp. in one of the facilities and 38% of the samples
positive in the other facility. Certain strains of L. monocytdgenes were repeatedly
recovered from the same sampling chafions throughout tHe nineteen-month
sampling period, indicating that some strains of L. monocytogenes. can adapt to

processing conditions and persist in food productions areas for prolonged

105

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



periods of time. When two of the persistént strains of L. monocytogenes and two
straihs of L. monocytogenes recovered on a sporadic basis from a meat
processing establishment were exposed to different concentrations of two
sanitizers (E-San® and Perox-E®) no correlation was observed between the
susceptibility to sanitizers and strain persistence, regardless of the planktonic or
biofilm state. However, the attachment of the cells of L. monocytogenes to
stainless steel and plastic surfaces impacted sanitizer susceptibility. Higher
concentrations of both sanitizers were required to inactivate cells of L.
monocytogenes grown in biofilms compared to cells of L. monocytogenes grown
in a liquid suspension. Perox-E® was more efficient in inactivation of biofilms of
L. monocytogenes on both stainless steel and plastic surfaces compared to E-
San®. Basedw on the results from the current study it can be concluded that the
type of sanitizer plays a role in disinfection efficiency when biofilms are present
on a surface. Furthermore, the current study demonstrated that concentrations
recommended by the manufacturer for a QAC-based sanitizer (E-San®) are
inefficient in inactivation of L. monocytogenes biofilms grown on stainless steel
and plastic surfaces. The sanitizer containing an acidic component and
hydrogen peroxide (Perox-E®) at a concentration recommended by the
manufacturer had a bactericidal effect on biofilms grown for 48 h on the stainless
steel surface. However, higher concentrations of Perox-E® were required for
inactivation of L. monocytogenes biofilms grown for four days on a plastic
surface, which implies that the age of a biofilm and the surface (3, 4, 6) type can

also affect the sanitizer efficiency. Additional factors such as temperature, static
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or dynamic growth conditions, and the history of the bacterial strains may impact
biofilm properties and consequently have effect on the susceptibility of biofilm
bacteria to sanitizers (1, 5, 8).

In conclusion, complex bacterial communities in the form of biofilms require
special attention, especially if these consortia form in food processing facilities
and harbor pathogenic microorganisms such as L. monocytogenes. The
presence of L. monocytogenes in food production areas and possible
contamination of ready-to-eat foods such as processed meats is of greét concern
to the food industry, consumers, and the regulatory authorities. In order to
achieve successful monitoring and control of pathogenic bacteria such as L.
monocytogenes, it is important that all steps involved in the testing of food safety
are addressed, including sampling methods, detection assays, and validation of

cleaning and sanitation protocols.
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