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Key Findings 
• Listeria monocytogenes can survive and reproduce in a variety of environments and 

conditions.1–3 While listeriosis is uncommon, it can result in serious illness and high fatality 
rate.2,4 

• Deli meat has been frequently implicated as a source of Listeria infection.5,6 The likelihood of deli 
meat contamination with Listeria is higher in meats sliced at a retail outlet than meats sliced in a 
manufacturing facility.1,6–9 
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• Meat slicers are particularly common sources of contamination and cross-contamination for L. 
monocytogenes. L. monocytogenes can readily transfer both to and from slicer blades and deli 
meats.5–7,10,11

• Meat slicers are generally complex machines which range widely in design. This makes it almost 
impossible to provide one universal methodology or set of procedures for cleaning and 
sanitizing all slicers.12 However, this report identified a number of general recommendations for 
cleaning and sanitizing deli slicers, including:

• When available, follow the manufacturer’s instructions for cleaning and sanitizing 
the slicer.

• When choosing a sanitizing product, contact time and sanitizer concentration are 
the key parameters to achieve sanitization.

• Maintain the slicer according to the manufacturer’s guidelines and ensure it is in 
good condition. Breakdown of seals, seams and gaskets can create harborage sites 
for bacteria.

• For slicers without Clean-in-Place or Clean-Out-of-Place provisions, disassemble the 
slicer for proper cleaning and sanitizing.13 

Introduction 
Foodborne pathogens such as Listeria monocytogenes (L. monocytogenes) can grow and persist in food 
production environments such as restaurants and food processing plants, causing illnesses (listeriosis) 
and  outbreaks.14 Ready-to-eat foods are often associated with listeriosis risk as they are intended to be 
consumed without a further pathogen control (kill) step. Deli meat has been implicated with listeriosis, 
including notable outbreaks involving Ontario premises.5,6,15,16 Contaminated food surface areas and food 
processing equipment, such as deli meat slicers, have been associated with listeriosis outbreaks.15–18  

This report focuses on best practices for cleaning and sanitizing slicers, recognizing that many key 
aspects of Listeria control in food establishments may apply to other equipment and processes. 

Methods 
The following methodology was used to identify recommendations and best practices for cleaning and 
sanitizing slicers in food premises to prevent listeria contamination: 

• Public Health Ontario’s Library Services conducted a search in MEDLINE and Embase on the
OVID platform, which included records from January 1, 2013 to July 12, 2021, the date of the
search. It was a sensitive search with the logic “Listeria + (types or meat or slicer terminology) +
retail environment + sanitizing”.

• A second search was conducted where the concept was more focused on Listeria on retail
equipment. The results were combined and de-duplicated across the databases and results were
limited to English. This search included general terms “pathogens” and “bacteria” in addition to
Listeria, but did not specifically search for other pathogens implicated in retail deli outbreaks
such as Salmonella. It also did not include large scale manufacturing settings such as a deli meat
processing plant. Titles and abstracts were screened for relevance. Articles which only pertained
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to cleaning and sanitizing slicers in food service premises were selected. Additional information 
was identified through cited reference searching of full-text articles. 

• Google and Google Scholar searches were conducted on September 2021 using keyword 
combinations: "Slicer" AND "deli meat" AND "sanitize" AND "Listeria". The first 100 results were 
reviewed. Sixteen reports were retrieved. 

• PHO contacted Ontario Ministry of Agriculture and Rural Affair’s (OMAFRA) Food Safety Science 
Unit for information on environmental testing for Listeria species at OMAFRA-licensed ready-to-
eat meat producing facilities. Many of these facilities have retail areas inspected by local health 
units. 

Forty documents were used in developing this report. 

Results 

Listeria monocytogenes: disease and persistence in the environment 
Listeria species (spp.) are gram-positive, rod-shaped bacteria. They are facultative bacteria, meaning 
they can survive and grow under oxygen-restricted conditions. They also grow in a pH range of 4.7 to 
9.2, high salt concentrations, and at refrigeration temperatures. This allows Listeria spp. to persist in the 
food processing plant environment and survive various food processing steps that would kill most other 
pathogens.1–3 

Listeriosis in humans is caused by Listeria monocytogenes and symptoms can range from fever and 
gastroenteritis to severe bloodstream infections and meningitis, as well as miscarriage in pregnant 
women.19 Listeriosis is not a top cause of foodborne illness, but it can have a high case fatality rate (up 
to 16%, compared to 0.5% for either Salmonella or E. coli O157:57), primarily affecting people with 
weakened immune systems, pregnant women, newborns and older adults.3,4 A 2011 report from Centers 
for Disease Control and Prevention (CDC) estimated that approximately 3,000 people in U.S. die each 
year from foodborne illness. The top three pathogens responsible were Salmonella (non-typhoidal), 
Toxoplasma gondii, and Listeria monocytogenes.5 In Ontario, a report by PHO estimated that each year, 
foodborne infection with L. monocytogenes is responsible for 19 emergency room visits, 28 
hospitalizations and 3 deaths (estimated mean count, years 2008–2012). These figures may be 
underestimates as they are based on cases of listeriosis documented in administrative health databases 
and infections may not be reported by individuals or diagnosed to the pathogen level.20 

Listeria can adhere to stainless steel, nitrile or Buna-n rubber, polypropylene and several other common 
food contact surfaces.10 L. monocytogenes can form biofilm on these surfaces.21 A biofilm is defined as a 
community of microorganisms attached to an inert or living surface by a self-produced polymeric matrix 
or an assemblage of microbial cells associated with a surface and enclosed in a matrix of primarily 
polysaccharide material. The uneven surface of many stainless steel items (i.e. screws or other steel 
parts) also allows bacteria to adhere and form biofilms.13,22 Microorganisms that are attached to 
surfaces in biofilms may be much more resistant to high temperatures, low pH, salinity, sanitizing 
compounds, UV light, and desiccation than planktonic cells. This is due to slower diffusion of 
antimicrobial agents through the biofilm matrix.4,14,21,22 This allows pathogens to survive on surfaces for 
long periods of time despite sanitization efforts and become a continuous source of contamination.4,21 

Biofilms are involved in a wide variety of microbial infections and more than 65% of foodborne 
diseases.4,23  
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The presence of biofilms in food processing environments has been associated with food product 
contamination by L. monocytogenes.24,14 Biofilms of L. monocytogenes can survive cleaning and 
disinfection procedures, persisting in food production environments.14 Food processed in these 
environments can get cross-contaminated resulting in illnesses and outbreaks.4,25  Pasteurized milk 
products, raw and cooked crab meat and ice cream are all examples of cross-contaminated food 
products associated with listeriosis outbreaks. This emphasizes the importance of properly cleaning and 
sanitizing food contact surfaces to avoid formation of microbial reservoirs including biofilms.4  

Deli meat slicers in food premises: 
Deli meat has been frequently implicated in listeriosis.5,6,26 Deli meats are high risk ready-to-eat food 
vehicle for Listeria.8 In a 2003 risk assessment study by the US Food and Drug Administration (FDA) and 
Department of Agriculture-Food Safety and Inspection Service (USDA-FSIS) of ready-to-eat foods for the 
risk of acquiring listeriosis, deli meats posed the highest risk for human listeriosis.5,12 Approximately 30% 
of listeriosis cases reported to the UK Food Standard Agency (FSA) between 2005 and 2011 were 
associated with ready-to-eat sliced meats.27 Several studies have found that the likelihood of Listeria 
contamination is higher in deli meats sliced at retailers than at manufacturers.1,6–9,26 Slicing at retailers is 
believed to be a key factor in the post-processing contamination of deli products with an FDA  study 
estimating that  83% of the listeriosis cases are associated with deli meat sliced and packaged at 
retailers.1, 18 The last slice may also have a higher number of L. monocytogenes than the previous ones 
during the day.21 Deli products do not require cooking post slicing, which would kill the pathogen prior 
to consumption in case of contamination.18

Post-processing cross-contamination, time and temperature are important factors in contamination of 
ready-to-eat deli food and Listeria growth.13,28 Some display fridges are not designed to lower the 
temperature of food. To ensure the deli meat is kept at 4°C or lower, the food should be cooled first 
prior to placing it in the display case.28 It is also recommended, when deli meat is sliced at retail, it is 
done when customers are purchasing the product and not ahead of time.29 

A study by Maitland et al. suggests that there are six sites in a deli where contamination can happen: 1) 
the deli slicer blade, 2) the rim of the floor drain, 3) the surface of the deli meat chub, 4) employees’ 
bare hands, 5) employees’ gloves and 6) preparation table surfaces.8 Listeria has been reported to 
adhere to equipment for extended periods and can even be carried from one facility to another via 
contaminated equipment.30

Meat slicers are a particularly important source of contamination and cross-contamination for L. 
monocytogenes and other pathogens.5–7,10 A study looking at bacterial transfer has illustrated that L. 
monocytogenes can readily transfer both to and from slicer blades and deli meats.11 Deli products 
contain fat; when sliced, fat deposited on the blade may help Listeria remain on equipment longer 
leading to ongoing, low level transfer.11 The level and spread of contamination depends on the initial 
pathogen load on the blade and also the type of product being sliced.8 An unpublished pilot study by 
OMAFRA (2016-2018), investigating the presence of Listeria spp. in 83 provincially inspected ready-to-
eat meat producing plants in Ontario, found that 41.5% of plants had at least one positive swab on 
either a food contact surface or a non-food contact surface. Five percent of slicer swabs in this study 
tested positive for Listeria spp (2021 email from Ontario Ministry of Agriculture, Food and Rural Affairs 
to PHO; unreferenced). As a response to positive tests for the presence of Listeria spp., OMAFRA 
conducted plant visits to assess and address risks in all cases.  Additionally, OMAFRA began an ongoing 
testing program in 2021 that conducts in-plant testing for Listeria spp. to continually evaluate risk and 
educate facility operators on controlling these risks. 
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The diversity and complexity of meat slicers are also key reasons why slicers are prone to 
contamination.12 Slicers can be mechanically or manually operated, light duty or heavy duty and with 
different sets of often complex parts. The physical complexity of these devices makes it almost 
impossible to provide one universal procedure for cleaning and sanitizing all slicers. Multiple 
components such as blade guards and slicer handles are connected by seams and after multiple uses 
these parts can become worn and eroded, resulting in hard-to-reach spaces that can trap food debris 
and moisture. This can create ideal conditions for the growth of pathogens such as Listeria spp. including 
L. monocytogenes.5,12,22  Bacteria located within difficult-to-clean moist areas may also be exposed to 
sanitizers, dehydration, starvation and extremes of temperature and pH which can alter the sensitivity 
of Listeria to subsequent stresses.11 Starvation survival is defined as the ability to withstand long periods 
without energy‐yielding substrates. Bacteria have adapted different subsistence strategies to maintain 
viability for long periods of time.31 

Other factors contributing to contamination and cross-contamination of slicers include: 

• Deli slicers have large contact surfaces that are exposed to environments where L. 
monocytogenes can be widely distributed.12 

• Deli slicers are held at ambient temperature and are mostly used in irregularly and 
intermittently throughout the day.12 

• Lack of regular deli slicer inspection practices by operators which can result in damaged parts in 
deli slicers more easily contributing to cross-contamination. A study by Lipcsei et al. examining 
the cleaning and sanitizing of 685 slicers in deli stores found  that most of the delis (62.1%) had 
slicers with damaged parts.5 

• Lack of slicer cleaning policies that would provide direction on how and how often to clean and 
sanitize the slicers.5,6 

• Human factors are important, such as employee training. Specifically, employees who do not 
know how and how often to clean and sanitize food contact surface areas and do not comply 
with proper hygiene procedures (especially hand washing) may serve as vectors of L. 
monocytogenes.5,21 

Cleaning and sanitizing slicers:  
Cleaning refers to physically and/or chemically removing soil, dust, food and other organic matter.32,33 

Cleaning methods can be classified in three categories: 

• Mechanical cleaning or clean-in-place (CIP): This is often used in large processing facilities 
whereby no disassembly of equipment is needed. CIP compatible equipment is often expensive, 
however with scientific and technological advances it is becoming more affordable and 
common.32,34 

• Clean-Out-of-Place (COP): Here machinery is partially disassembled and cleaned in specialized 
COP pressure tanks.32 

• Traditional manual cleaning: Requires disassembly of machinery and cleaning of each part 
individually.13,32,34 
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Sanitizing refers to the reduction, but not the elimination of microorganisms.32,33 In Canada,  Health 
Canada authorizes a chemical to be a food contact sanitizer. The Chemical approved as a sanitizer should 
be able to provides 5 log or 99.999% decrease in microbial contamination in 30 seconds at 20°C.33,35 

Sanitization can also be achieved using thermal sanitation (hot water or steam). Quaternary ammonium 
chloride (QAC) and hypochlorite sanitizers are some of the most commonly used chemical sanitizers in 
retail deli establishments.36 Peracetic acid (a mixture of acetic acid and hydrogen peroxide) is another 
sanitizer that is becoming more widely used in the food processing industry and it is also effective against 
L. monocytogenes.22 Table 1 in the appendix provides information on the characteristics of commonly used 
sanitizers and their effectiveness for control of specific pathogens. 

Sanitizer effectiveness is influenced by extrinsic and intrinsic factors. Examples of extrinsic factors 
include: presence of organic matter, ambient temperature, water hardness, surface characteristics, and 
biofilms/residues. Solution temperature, pH, and concentration are examples of intrinsic factors.36 

Factors that reduce the effect of sanitation procedures in food establishments include: 

• Presence of biofilms21,36 

• Improper cleaning and removal of organic matter before applying sanitizer12,21,22 

• Inadequate employee training and lack of proper cleaning protocol12,22,34 

• Use of incorrect sanitizer or incorrect application of the sanitizer (e.g. wrong concentration or 
contact time)22 

• Physical characteristics of the equipment that is being sanitized, for example slicers with 
difficult-to-clean areas, or equipment that gets worn, degraded, spaced or cracked as a result of 
heavy use, such that they cannot be adequately cleaned and sanitized.12,36 

The FDA Food Code recommends that food contact surfaces are cleaned and sanitized at least every four 
hours.37 Health Canada’s retail guidance document on pathogen control in ready-to-eat foods also 
recommends that food contact surfaces be cleaned and sanitized every four hours.35  

We found nine documents that provided jurisdictional guidelines and recommendations for cleaning 
and sanitizing food surface areas including slicers or inspecting slicers in deli establishments. Although 
the recommendations we identified showed some consistency, we were unable to identify any primary 
literature that confirmed the effectiveness of these recommendations, including the effectiveness of 
these practices to reduce or eliminate Listeria. Some common themes include: 

• Follow the manufacturer’s instructions for cleaning and sanitization, as well as the type of 
sanitizer to use. Do not mix different chemicals or apply multiple cleaner and sanitizers at the 
same time as this may produce toxic by-products.33,38 

• Slicers that have no Clean in Place or Clean Out of Place provisions, need to be disassembled in 
order to be adequately sanitized. When disassembled the parts should be inspected to check 
their integrity in addition to cleaning and sanitizing. 3,5,13,38,39  

• Where possible, use sanitizers that have regulatory approval e.g., by Health Canada. Health 
Canada no longer maintains a list of approved sanitizers but will grant approval on a case by 
case basis.33,35 
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• Maintain the slicer according to the manufacturer’s guidelines and ensure it is in good condition. 
Examine the seals, gaskets and seams for any damage or breakdown that can create harborage 
sites for bacteria. During an outbreak, dismantle the slicer and examine if any seal or seam has 
degraded.38,40  

• As biofilms can form on slicers, it is important to include mechanical scrubbing in the cleaning 
process to prevent biofilm formation. Also, it is recommended to switch disinfectants to prevent 
resistance.4,33  

• Develop written procedures for cleaning and sanitizing (including frequency of cleaning, which 
varies according to usage patterns). Ensure that staff are adequately trained in the procedures, 
and that a copy is readily accessible to staff.13,39,40 

Conclusion 
Listeria monocytogenes is a facultative pathogen that can survive and grow under oxygen-restricted 
conditions as well as varying environmental conditions (e.g., pH, salt content, temperatures). It can also 
adhere to numerous food contact surfaces and form biofilm. While listeriosis is not a top cause of 
foodborne disease, it can have a high fatality rate compared to other foodborne pathogens. 

Deli meat has been frequently implicated in listeriosis, with the risk of contamination being higher in 
meats sliced at a retail facility than at the manufacturing facility. Meat slicers are important sources of 
contamination for L. monocytogenes because of the significant contact with the meat but also due to 
the diversity and complexity of the devices and the greater potential for harborage sites over time.  

While it is almost impossible to provide one universal methodology for cleaning and sanitizing that fits 
all slicers, there are some common recommendations for cleaning and sanitizing deli slicers. They 
include cleaning and sanitizing food surface areas (including slicers) at least every four hours, following 
the manufacturer’s instructions for cleaning, sanitization and maintenance, disassembling the slicer to 
access hard-to-reach areas and enable thorough cleaning, and ensuring it is in good condition by 
examining seals, gaskets and seams for damage or breakdown that can create harborage sites for 
bacteria. Although these recommendations showed some consistency, we did not identify any primary 
literature that helped confirm the effectiveness of these recommendations. 
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Appendix  

Table 1: Characteristics and chemical/physical properties of commonly used active ingredients for sanitizers32–34 

Characteristics Chlorine 
compounds Iodophors 

Quaternary 
ammonium 
compounds 

Acid anionic 
sanitizers 

Fatty acid 
sanitizers 

Peroxyacetic 
mixtures 

acid Hydrogen 
Peroxides 

Effective Spores: Yes Spores: No Spores: No Spores: Yes Spores: Yes Spores: Yes Spores: Yes 
against spores        
and biofilms? Biofilm: No Biofilm: No Biofilm: Yes Biofilm: Yes Biofilm: Yes Biofilm: Yes Biofilm: No 
Residual 
antimicrobial 
activity 

Mixed, depending 
on solution 

Moderate to 
none Yes Yes Yes None None 

Potentially 
resistant 
organisms: 

Cryptosporidium, 
Giardia, 
Salmonella, MSRA 

MSRA 

Limited 
effectiveness 
against most gram-
negative bacteria 
except Salmonella 
and E. coli. 

Biofilms of Listeria 
and sensitized 
Salmonella 
Typhimurium, 
Listeria, E. coli 
O157:H7 

Biofilms of Listeria 
and sensitized 
Salmonella 
Typhimurium, 
Listeria, E. coli 
O157:H7 

Biofilms of Listeria 
and sensitized 
Salmonella 
Typhimurium, 
Listeria, E. coli 
O157:H7 

Biofilms of 
Listeria 

50 to 500 ppm 200 to 1000 50 to 350 ppm 
Effective typical; 800 ppm 6.5 to 75 ppm ppm typical; 100 to 500 70 to 1500 typical; generally Powder in 3% 
concentration suggested for typical generally used at ppm typical ppm typical used at 150 to 200 and 6% 

porous areas 200 ppm ppm 

Effective pH 

Neutral: Yes 
Acidic: Yes, but 
unstable Alkaline: 
Yes, but less than 
at neutral pH 

Neutral: 
Depends on 
type 
Acidic: Yes 
Alkaline: No 

Neutral: Yes Acidic: 
Yes Alkaline: Yes 

Neutral: No Acidic: 
Yes, below 3.0-3.5 
Alkaline: No 

Neutral: No Acidic: 
Yes, below 3.5-4.0 
Alkaline: No 

Neutral: Yes Acidic: 
Yes Alkaline: Less 
effective 

N/A 
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Characteristics Chlorine 
compounds Iodophors 

Quaternary 
ammonium 
compounds 

Acid anionic 
sanitizers 

Fatty acid 
sanitizers 

Peroxyacetic acid 
mixtures 

Hydrogen 
Peroxides 

Toxicity 

Corrosive 
 
Skin and 
respiratory 
irritant; burning, 
pain, 
inflammation and 
blisters 
Can generate by-
products in 
combination with 
other chemicals 

Slightly 
corrosive 
 
May bleach 
skin or cause 
irritation 

Non-corrosive 
 
Respiratory and 
skin irritant 

Slightly to highly 
corrosive 
 

Hazardous to skin; 
can cause 
blistering, itching, 
scaling or skin 
burns 

Slightly to highly 
corrosive 
 

Hazardous to skin; 
can cause 
blistering, itching, 
scaling or skin 
burns 

Slightly to highly 
corrosive 
 

Hazardous to skin; 
can cause 
blistering, itching, 
scaling or skin 
burns 

Can cause 
skin irritation 

Stability of 
solution 

Dissipates rapidly; 
decreases with 
light and 
temperatures 
>50 to 60oC 

Dissipates 
slowly; varies 
with 
temperature 

Stable Stable Stable 
Dissipates slowly, 
unstable under 
alkaline pH 

Decreases 
with 
increasing 
temperature 

Affected by 
Organic 
Matter 

Yes Moderately Moderately Moderately Partially Partially Unknown 

Affected by 
hard water No Slightly Yes Slightly Slightly Slightly Yes 

Sensitivity to 
water 
temperature 

None High Moderate Moderate Moderate None N/A 

Cost Low High Moderate Moderate Moderate Moderate N/A 

Incompatible 
with 

Acid solutions, 
phenols, amines 

Highly 
alkaline 
detergents 

Anionic wetting 
agents, surfactants, 
soaps and acids 

Cationic 
surfactants and 
alkaline detergents 

Cationic 
surfactants and 
alkaline detergents 

Reducing agents, 
metal ions, strong 
alkalis 

N/A 
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