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ABSTRACT 
 
 
 
Hammons, Susan R. M.S., Purdue University, May 2014. Developing Strategies to Mitigate and 
Control Environmental Listeria monocytogenes in Retail Delis. Major Professor: Haley F. Oliver. 
 
 
 

There are many research avenues being investigated at institutions nationwide with the 

intent to reduce the public health risk of listeriosis. Approaches include studies on L. 

monocytogenes transmission dynamics in retail delis, observations of deli worker practices, a 

structured expert elicitation on transmission dynamics  and statistical modeling of listeriosis risk 

impact factors. This thesis describes my contribution to the work being done in our group to (i) 

understand prevalence and persistence of L. monocytogenes and Listeria species non-

monocytogenes on environmental surfaces (food contact and non-food contact); (ii) identify 

characteristics or practices which place stores at increased risk for L. monocytogenes 

contamination; and (iii) develop effective environmental control strategies which are feasible in 

the service-focused retail establishments.  We work in close collaboration with retail companies 

among several states to collect data from working deli establishments, testing our proposed 

control strategies in the dynamic and challenging retail food service environment. The studies 

presented here provide scientific evidence to guide practical control strategies for L. 

monocytogenes in the retail deli environment. Reducing the prevalence of L. monocytogenes in 

the retail deli environment is one step to prevent cross-contamination of RTE meats sliced at 

retail, reduce the incidence of listeriosis and protect public health.  

 

Chapter 1, “Listeria monocytogenes, Listeriosis, and Control Strategies: What the Retail 

Deli and Food Safety Manager Need to Know”, is a review of published literature written at the 

invitation of Jeff Farber, Health Canada. It will be included in the book “Retail Food Safety” 

edited by Farber, Crichton, and Snyder and has been submitted to Springer for publication in 

spring 2014. This chapter is structured to (i) give retail food safety managers, store managers, and 

deli department managers an introduction to L. monocytogenes and listeriosis, (ii) identify foods 



xiii 
 

and environmental surfaces of concern for L. monocytogenes contamination, and (iii) describe 

action-based control strategies deli managers and store managers can use to improve food safety 

practices and subsequently public health. 

 

Chapter 2, “Adenosine Triphosphate Levels Correlate to Probability of Listeria 

monocytogenes Contamination in Retail Delis” describes a study conducted in 15 retail delis 

among three states with environmental samples collected during preoperational and operational 

hours over nine months. Specifically this chapter discusses the relationships among concurrent 

samples for Adenosine Triphosphate (ATP), standard aerobic plate counts (APC), and the 

quantity of L. monocytogenes detected. It should be mentioned that the prevalence and 

persistence of L. monocytogenes and Listeria spp. is not discussed in detail here as these data 

have been described by my collaborator Courtenay Simmons. The detected correlations between 

ATP response and the probability of detecting L. monocytogenes allowed us to develop 

recommended pass/fail limits to guide sanitation. With these limits, ATP testing is a potential 

rapid test for deli establishments to monitor the efficacy of daily sanitation procedures without 

significant investments in third-party auditing services or contract microbiological services. 

 

Chapter 3, “Evaluation of Deep Clean SSOP as a Listeria monocytogenes Control 

Strategy in Retail Delis” describes the development and testing of an intensive sanitation standard 

operating procedure, defined here as “deep cleaning.” The SSOP was developed in collaboration 

with corporate food safety experts, retail sanitation providers, and from literature-based control 

strategies.  The developed SSOP was evaluated in 9 retail deli establishments among three states. 

Labor was contracted out to a specially trained third party cleaning service crew (n=10) during a 

12 h overnight shutdown period. The deep clean SSOP had varying immediate efficacy in delis 

with high L. monocytogenes prevalence and persistence and did not increase L. monocytogenes 

prevalence in stores with historically low L. monocytogenes prevalence. However, a single deep 

clean may not be sufficient to mitigate L. monocytogenes in some retail delis with evidence of 

persistence.    
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CHAPTER 1. LITERATURE REVIEW: LISTERIA MONOCYTOGENES, LISTERIOSIS, AND 
CONTROL STRATEGIES: WHAT THE RETAIL DELI AND FOOD SAFETY MANAGER 

NEED TO KNOW 
 
 
 

1.1 Introduction to Listeria spp., L. monocytogenes, and Listeriosis 

1.1.1 Overview of Listeria species 

Listeria is a bacterial genus with ten recognized species which include L. monocytogenes, 

L. welshimeri, L. grayi, L. innocua, L. ivanovii, L. marthii, L. rocourtiae, L. seeligeri 

(McLauchlin and Rees, 2009), L. weihenstephanensis (Lang Halter et al., 2013) and L. 

fleischmannii (den Bakker et al., 2013). L. monocytogenes and L. ivanovii are pathogenic to 

warm-blooded animals.  L. monocytogenes causes disease in humans and animals. Evidence 

exists that links L. ivanovii to disease in humans, but disease is very rare (Elischerova et al., 1990, 

Cummins et al., 1994, Lessing et al., 1994, Snapir et al., 2006).  Listeria spp. are commonly 

considered saprophytes (organisms that live on dead or decaying organic matter); they live in and 

can easily be isolated from soil as confirmed in a recent study (Strawn et al., 2013).  L. innocua  

and L. seeligeri are commonly isolated Listeria species (Sauders et al., 2012).  Because non-

pathogenic Listeria spp. can be more common than L. monocytogenes in some environments, it 

has become a common practice in food manufacturing to test for Listeria spp. in the processing 

environment as a L. monocytogenes management tool.  The premise of this is testing strategy is 

that if any Listeria spp., notably non-pathogen species which are presumed to be more prevalent, 

can be controlled or eliminated in the food handling environment (e.g. on food and non-food 

contact surfaces), the risk of the environment and subsequently food product being contaminated 

with L. monocytogenes is very low.  Recent and on-going studies by our group indicate, however, 

L. monocytogenes is more frequently recovered from food- and non-food contact surfaces in retail 

delis compared to the non-pathogenic Listeria spp. (Sauders et al., 2009, Hoelzer et al., 2011b, 

Simmons et al., unpublished).  
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1.1.2 L. monocytogenes is a human foodborne pathogen that can contaminate Ready-to-eat 

foods 

Listeria monocytogenes is a foodborne pathogen which causes relatively few illnesses 

annually in the United States and Canada but it has one of the highest case fatality rates among 

foodborne pathogens; as many as 20-30% of cases result in death (Rocourt et al., 2003). The 

Center for Disease Control and Prevention (CDC) estimates approximately 1600 cases of 

listeriosis, 1500 hospitalizations, and 260 deaths occur annually in the United States (Scallan et 

al., 2011). Health Canada estimates 178 cases per year in Canada (Thomas et al., 2013).  

Approximately 99% of listeriosis cases result from contaminated food (Scallan et al., 2011). 

Ready-to-eat (RTE) deli meats, followed by dairy products, and frankfurters that have not been 

reheated are the highest risk food categories that may result in listeriosis in the US (FDA/FSIS, 

2003).  A 2003 survey conducted in the US found that RTE meats handled in retail delis were six 

times more likely to be contaminated with L. monocytogenes than the equivalent product 

prepackaged and shelf-ready (Gombas et al., 2003).  Recent studies have shown that L. 

monocytogenes can be prevalent and persistent in retail deli environments (Hoelzer et al., 2011b, 

Simmons et al., unpublished).  Understanding how and where L. monocytogenes can live in the 

retail environment and implementing effective control strategies—sanitation procedures, 

management practices, and quality controls—are among the best strategies to help prevent illness 

and protect public health. 

 

1.1.3 Listeriosis symptoms and mechanism of disease 

Listeriosis is caused by consuming food contaminated with live L. monocytogenes cells 

(Farber and Losos, 1988). As an opportunistic pathogen, L. monocytogenes causes two forms of 

disease (Lecuit, 2007). In healthy adults the infection may result in febrile gastroenteritis.  This is 

a mild, self-limiting disease and symptoms include fever, headache, vomiting, diarrhea, or 

arthralgia (joint pain). However, L. monocytogenes can cause an invasive infection in 

immunocompromised hosts.  Immunodeficiency can result from many conditions including HIV 

infection, chemotherapy, pregnancy, intentional immunosuppression for organ transplant, and 

advanced age. L. monocytogenes attaches to and invades the epithelia cells of the small intestine.  

L. monocytogenes transmits to the mesenteric lymph nodes then to the liver and spleen by via the 

blood stream (Farber and Losos, 1988, Lecuit, 2007). Victims of invasive listeriosis may remain 

asymptomatic for days to months.  Early symptoms may include mild flu-like fever, nausea, 

headaches, and body aches between 3 to 70 days after consumption of contaminated food.  
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Disease progresses as the bacteria cross the blood-brain barrier, resulting in meningitis 

(inflammation of the membrane around spinal and brain tissues) and/or encephalitis (swelling of 

the brain). Symptoms may include confusion, seizures, or impaired motor function. 

Approximately 20-30% of listeriosis cases result in death (Rocourt et al., 2003, Silk et al., 2012).  

Globally, listeriosis will remain an important foodborne illness due to the fact that the 

vulnerable population is growing. Advances in medicine and nutrition help immunocompromised 

persons with advanced age, disease, or under medical treatment live longer.  European Union 

member countries reported a 19% increase in listeriosis cases from 2008 to 2009 (EFSA, 2011). 

In the United States and Europe, there has been a significant increase in the number listeriosis 

cases in adults >65 years of age (Little et al., 2010).  Among listeriosis cases that occurred in the 

United States between 2004-2009, over 50% of cases were in adults >65 years of age; this 

increased to 58% of reported cases from 2009 to 2011.  Specifically there were 400 cases of 

listeriosis in adults >65 years and 234 of non-pregnancy associated cases in adults <65 years from 

2004 to 2009.  However, in from 2009 to 2011, there were 950 cases and 474 non-pregnancy 

associated cases in adults >65 and <65 year of age, respectively (Silk et al., 2012, Silk et al., 

2013).   

Pregnant women are 8-18 times more likely to suffer an invasive infection than healthy, 

non-pregnant women (Southwick and Purich, 1996, Silk et al., 2012). During the third trimester 

of gestation the mother’s immune system is naturally suppressed to prevent her body from 

rejecting the fetus. An infected mother may experience flu-like symptoms (e.g., fever, nausea, 

body aches) but the greatest danger is to the fetus since L. monocytogenes has a tropism for the 

placenta resulting in fetal infection (Smith, 1999). High levels of L. monocytogenes in the 

placenta can result in spontaneous abortion or still birth; infected surviving neonates may suffer 

mental retardation (Farber and Losos, 1988, Southwick and Purich, 1996, Lecuit, 2007). While 

the overall rate of listeriosis has not significantly increased or decreased in the United States since 

2004, there was a significant increase in pregnancy-associated listeriosis in Hispanic women from 

2004 to 2009 (Silk et al., 2012), and 43% of pregnancy-associated listeriosis cases from 2009 to 

2011 occurred in Hispanic women (Silk et al., 2013). 

 

1.2 Listeria monocytogenes in Foods and Food Systems 

1.2.1 L. monocytogenes prevalence in the environment 

Raw ingredients and water are both potential sources of contamination (Lawrence and 

Gilmour, 1995, Ojeniyi et al., 1996). Researchers have isolated L. monocytogenes from 20-35% 
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of ruminant farm environment samples and from > 20% of cattle fecal samples (Nightingale et 

al., 2004, Nightingale et al., 2005).  L. monocytogenes also can be isolated from a number of non-

ruminant species’ feces such as poultry (Weber et al., 1995), wild birds (Fenlon, 1985), swine 

(Hayashidani et al., 2002, Yokoyama et al., 2005), horses (Weber et al., 1995, Gudmundsdottir et 

al., 2004), farmed fish (Miettinen and Wirtanen, 2005) and some domestic animals. L. 

monocytogenes in ruminants and on farms contributes directly to human disease, (e.g., 

consumption of contaminated raw milk (Ryser, 1999)), and indirectly by introduction into food 

processing plants or onto vegetables through contaminated manure (e.g., (Fenlon et al., 1996, 

Rorvik et al., 2003)).   In a recent study on produce farms, L. monocytogenes was detected in 

17.5% of fields.  Soil cultivation, irrigation, and presence of wildlife with in a given number of 

days prior to sampling all increased the likelihood of a soil sample testing positive for the 

presence of L. monocytogenes (Strawn et al., 2013).   

 

1.2.2 Cross-contamination and growth of L. monocytogenes in food 

The common occurrence of L. monocytogenes in nature and agriculture systems 

contributes to the frequent introduction of the pathogen into foods. L. monocytogenes is a salt- 

and acid-tolerant organism and can grow at and below refrigeration temperatures with little 

oxygen (McLauchlin and Rees, 2009). It is, however, sensitive to extreme acidity, pressure and 

high temperature (McLauchlin and Rees, 2009). Cooking kills L. monocytogenes, thus preventing 

disease. As L. monocytogenes can be killed by heat, contaminated raw ingredients rarely cause 

illness directly when food is heat-treated. The more likely source of L. monocytogenes on foods is 

cross-contamination during processing after heating (e.g., slicing, casing removal, or packaging) 

which transfers the pathogen onto already cooked, ready-to-eat products (Lawrence and Gilmour, 

1995, Pradhan et al., 2011). Departments that handle raw meat products and RTE foods must pay 

particular attention to prevent cross-contamination.  For example, 15-34% of raw chicken 

sampled at retail was positive for L. monocytogenes (Cook et al., 2012).  Poor food handling 

practices could result in products such as deli meat becoming inadvertently contaminated with L. 

monocytogenes. Cross-contamination alone does not create a risk of listeriosis. Infectious dose 

(the number of cells required to cause illness) varies and is not conclusive (McLauchlin et al., 

2004).  In general, infectious dose is thought to be high so the few cells transferred to foods 

during cross-contamination are not typically enough to cause illness (Vazquez-Boland et al., 

2001). However, if the food product supports L. monocytogenes growth, the few transferred cells 
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may multiply during storage (even at refrigeration temperature) to potentially infectious levels 

before consumption.  

 

1.2.3 Ready-to-eat foods are most likely to causes listeriosis 

The majority of listeriosis cases (99%) are linked to food (Scallan et al., 2011). Risk 

assessment models, epidemiological studies and product testing have identified the greatest risk 

of listeriosis from delicatessen meats, contaminated cheeses, unpasteurized (raw) fluid milk, un-

reheated frankfurters, smoked seafood, and cooked crustaceans (Rocourt and Cossart, 1997, 

FDA/FSIS, 2003, EFSA, 2007, Lianou and Sofos, 2007). These RTE products have the highest 

risk per serving for causing listeriosis due to three factors: (i) processing after cooking exposes 

the product to the environment and increases the risk of cross-contamination, (ii) these foods 

support L. monocytogenes growth during refrigerated storage and (iii) consumption without 

cooking or re-heating allows any bacteria present on the food to be ingested and potentially cause 

disease.  Risk assessment identified delicatessen meats as the highest risk per capita and per 

serving for causing listeriosis (FDA/FSIS, 2003). Specifically, the U.S. Food and Drug 

Administration and the U.S. Food Safety and Inspection Service estimated that about 90% of 

human listeriosis cases in the United States are caused by consumption of contaminated deli 

meats (FDA/FSIS, 2003).  From 1998 to 2011, there were 38 confirmed outbreaks of listeriosis 

(CDC, 2013a).  Of these outbreaks, 13 were associated with RTE meat products (e.g., deli meats, 

hotdogs).  The most significant outbreak among these occurred in 1998 when 101 people became 

ill and 21 subsequently died from consumption of contaminated hotdogs and deli meats produced 

at a single plant (Mead et al., 2006).  However, recent outbreaks in the United States have linked 

with soft-ripened cheese (6 cases) (CDC, 2013b), aged ricotta salata cheese (22 cases) (CDC, 

2012a), and fresh cantaloupe (147 cases) (CDC, 2012b). The 2011 cantaloupe-associated 

listeriosis outbreak caused 33 deaths and one miscarriage; this was the most deadly foodborne 

disease outbreak in the United States in ten years.  It is important to note that these products are 

typically considered ready-to-eat, although there are recommended handling guidelines for some 

products (e.g., washing cantaloupe).   
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1.3 L. monocytogenes in the Retail Deli Environment 

1.3.1 Risk assessment predicts that most deli meat-associated cases of listeriosis are from deli 

meats sliced or handled in retail delis 

A study in the early 2000s found that luncheon meats sliced at retail were found to be six 

times more likely to carry L. monocytogenes than prepackaged meats; deli salads three times 

more likely, and seafood salads 5 times more likely to be contaminated if handled at retail rather 

than manufacturer-packaged (Gombas et al.).  Two independent risk assessments conducted in the 

US concluded approximately 83% of listeriosis cases were caused by RTE meats contaminated in 

retail delis (Endrikat et al., 2010, Pradhan et al., 2010).  A recent USDA/FDA risk assessment 

concluded that implementing effective food safety practices in delis to control growth, cross-

contamination, and potential sources of L. monocytogenes in addition to continued sanitation, will 

prevent illness from foods handled at retail (USDA-FSIS and FDA, 2013).   

Retail delis have very different operating conditions and expectation than a typical RTE 

food production/manufacturing facility.  L. monocytogenes may enter the deli on customers’ and 

workers’ shoes, cart wheels, raw meats, fresh produce, and RTE meats handled in the store. 

Studies conducted in the US in 2009-2011 found that 55-65% of retail delicatessen 

establishments have L. monocytogenes on food contact and non-food contact surfaces (Sauders et 

al., 2009, Hoelzer et al., 2011b, Simmons et al., unpublished).  In some deli departments, 

contamination may be found on almost 40% of all surfaces tested (Simmons et al., unpublished).  

Deli meats, salads, and cheeses may be sliced, repacked, or portioned for customers in retail 

stores; all of these processes expose the food to the environment, food handlers, and equipment, 

any of which may carry or transfer bacteria cells to the food if sanitation and hygiene procedures 

are not properly executed. 

 

1.3.2 Non-food contact surfaces are more likely to be contaminated 

The likelihood of L. monocytogenes contamination varies based on the type of surface 

(Table 1). Non-food contact surfaces (NFCS) (e.g., floors, drains, walls) harbored L. 

monocytogenes on 15-20% of samples while only 2-4% of food contact surfaces (FCS) (e.g., 

slicer blades, utensils, cutting boards, countertops) were contaminated  (Sauders et al., 2009, 

Hoelzer et al., 2011b, Simmons et al., unpublished).  NFCS are more likely to be contaminated 

due to (i) the foot traffic which may introduce and spread the bacteria; (ii) many are soil 

collecting points from the entire environment (e.g. drains); and (iii) infrequent cleaning may 

allow pathogen growth. Irrespective of the surface type, ineffective cleaning and sanitation can 
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allow L. monocytogenes to grow and persist, potentially remaining for months or years in the deli 

environment (Simmons et al., unpublished). 

 
Table 1.1:  L. monocytogenes prevalence across different sites in the retail deli (adapted from 
Hoelzer et al., 2011b) 

Sample Location Percent positive samples 
(95% CI)a Total Positives Total Samples 

Tested 

Food and Food Contact Surfaces     
Product (Food) 1.5 (0.6 – 3.1) 7 462 
Slicer  2.7 (0. 9 – 6.3) 5 183 
Utensils (bowl, cutting board, others)  4.2 (2.2 – 7.0) 13 314 

Bowlb  4.8 (0.6 – 16.2) 2 42 
Cutting boardb 7.1 (3.3 – 13.1) 9 127 
Other Utensils (e.g., knife, spoon, tongs) b 1.4 (0.2 – 4.9) 2 145 

Multiple food contact areas (e.g., cutting 
board)  5.9 (0.7 – 19.7) 2 34 

Deli case  6.9 (4.1 – 10.9) 17 246 
Raw meat/seafood display 9.1 (0.2 – 41.3) 1 11 
Subtotal 3.6 (2.6 – 4.8) 45 1250 
     
Non-food contact surfaces       
Sink 13.5 (9.5 – 18.3) 34 252 
Dairy case 13.6 (9.5 – 18.6) 32 236 
Floor/ Drains 27.4 (23.8 – 31.1) 163 596 

Deli area drain/floorc 16.1 (10.5 – 23.2) 23 143 
Raw meat preparation area drain/floorc 39.4 (31.7 – 47.7) 60 152 
Seafood area drain/floorc 25.0 (13.2 – 40.3) 11 44 
Produce area drain/floorc 24.0 (15.8 – 33.8) 23  96 
Walk in cooler drain/floorc,d 34.0 (25.2 – 43.6) 37 109 
Other drain/floor areasc 17.0 (8.1 – 29.8) 9 53 

Floor in dry aisle 7.9 (4.8 – 12.2) 18 228 
Floor adjacent to entrance 13.9 (8.3 – 21.4) 17f 122 
Walk in cooler 20.6 (15.3 – 26.7) 43 209 

Walk in cooler shelves 6.1 (2.3 – 12.9) 6 98 
Walk in cooler door handle 0.0 (0.0 – 84. 2) 0 2 
Walk in cooler drain (K1)/floor (K2 c, 34.0 (25.2 – 43.6) 37 109 

Cart wheels 7. 6 (3.5 – 13.9) 9 119 
Produce preparation area 10.5 (1.3 – 33.1) 2 19 
Milk crates 34.3 (19.1 – 52.2) 12 35 
Miscellaneous areas (e.g., shopping baskets, 
icemaker, etc.) 0.0 (0.00 – 15.4)   0 23 

Subtotal 17.0 (15.2 – 18.8) 293 1731 
a exact binominal confidence interval; 
b individual subcategories that are part of “utensils”;  
c individual subcategories that are part of “Floor/Drain”;  
d results shown twice, as subcategory of “Floor/Drain” and of “Walk-in cooler”;   
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1.3.3 Transient v. persistent L. monocytogenes contamination: the difference between short- and 

long-term challenges 

In delis with L. monocytogenes contamination, distinguishing between transient and 

persistent contamination patterns determines which actions are needed to eliminate the organism. 

Transient organisms, those that can be introduced and distributed by daily activity (e.g., shoes, 

carts, contaminated product), can be controlled or eliminated by routine sanitation.  The key to 

effectively managing these organisms is through validated and verified sanitation programs.  

Managers and employees should aim to prevent recontamination by controlling potential sources 

(e.g., raw meat, traffic flow from contaminated areas, contaminated products).   Persistent L. 

monocytogenes are much more difficult to eliminate and control.  Persistent contamination is 

when the same L. monocytogenes strain remains in the environment for months or years by 

colonizing the deli environment in “niches”.  These niches can occur in equipment, close fitting 

metal to metal or metal to plastic parts, worn rubber door seals, cracked floors and walls 

(Miettinen et al., 2001, Tompkin, 2002, Holah et al., 2004, Wulff et al., 2006, Ferreira et al., 

2011) and about any surface that cannot be or is not routinely cleaned and sanitized. Persistent L. 

monocytogenes contamination of food contact surfaces and other environmental surfaces from 

which bacterial cells may be transferred to foods is among the most important and direct routes of 

contamination of RTE meat and poultry products (Lawrence and Gilmour, 1995, Miettinen et al., 

2001, USDA-FSIS, 2003). L. monocytogenes can remain in the environment over time due to 

ineffective sanitation, which can result in biofilm formation.  Biofilms are complex matrices of 

bacteria, carbohydrates and proteins that allow the bacteria to survive, grow, and potentially 

release into the environment over long periods of time. Tartar buildup on teeth is a common 

example of a biofilm.  A biofilm is “stronger” than single bacteria cells and it can be resistant to 

destruction by soaps and sanitizers.  A mature biofilm slowly releases living cells, which can 

spread throughout the environment, potentially forming biofilms on other surfaces or become a 

source of cross-contamination in foods.  Removing biofilms requires significant mechanical force 

(e.g., scrubbing). 

Studies by our group have shown that in many retail stores, the same strain is often found 

on both FCS and NFCS (Sauders et al., 2009, Hoelzer et al., 2011b, Simmons et al., unpublished). 

We use techniques such as Pulsed Field Gel Electrophoresis (PFGE) and ribotyping to essentially 

DNA fingerprint L. monocytogenes isolates recovered from environmental samples.  We have 

found L. monocytogenes isolates with the same DNA fingerprint on the slicer, deli case, sink and 

utensils in the same store (Hoelzer et al., 2011b).  In a very recent study by our group, PFGE 
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showed that for 11 of 30 stores studied, one or more PFGE types were isolated at least 3 times 

(Simmons, Stasiewicz, In prep).  This is strong evidence for persistence of L. monocytogenes in 

these stores. In some stores, PFGE patterns for isolates from NFCS were distinct from patterns of 

isolates from FCS suggesting limited cross-contamination between these sites in some stores. 

Persistent L. monocytogenes strains have been recovered in delis up to 1.5 years after first 

isolation (Hoelzer et al., 2011b) and in manufacturing facilities up to 12 years after initial 

isolation (Orsi et al., 2008).  Persistent L. monocytogenes strains living in a biofilm in slicers in a 

RTE deli manufacturing facility was the cause of a 2008 Canadian listeriosis outbreak which 

resulted in 57 illnesses and 22 deaths (Weatherill et al., 2009).   

 

1.3.4 L. monocytogenes is transmitted by hands, gloves, equipment, and food products 

Whether dealing with transient or persistent L. monocytogenes, transmission routes 

through the deli are control points to prevent cross-contamination. Bacterial transmission refers to 

how bacteria move through an environment—to and from food, FCS and NFCS including 

equipment, tools, and workers. As discussed earlier, cooking and other treatments kill L. 

monocytogenes so foods are typically free of foodborne pathogens unless contaminated after 

thermal processing. Controlling the transfer of bacteria from contaminated surfaces and products 

to RTE foods prevents foodborne illness.  The most comprehensive contamination and 

transmission pattern studies in retail delis to-date were conducted in mock deli environments 

(Gibson et al., 2013, Maitland et al.). Fluorescent compounds were used to mimic L. 

monocytogenes contamination on different surfaces while volunteers performed a sequence of 

common deli tasks such as slicing, weighing, packaging, and serving ham to customers under 

different contamination source scenarios. By tracking the spread of fluorescence, researchers 

identified potential transmission routes based on the source of contamination. Other transmission 

studied used expert elicitation (Hoelzer et al., 2011a), direct observation of deli task sequencing 

(Lubran et al., 2010), and statistical modeling (Hoelzer et al., 2012) to characterize the movement 

of L. monocytogenes in this environment.   

Worker hands and gloves are the most likely vehicle to transfer contamination to any deli 

surface (Hoelzer et al., Gibson et al., 2013, Maitland et al., 2013).  Clean gloves provide a 

sufficient barrier from contamination present on bare hands, but contaminated gloves may 

transfer contamination similar to bare hands (Maitland et al., 2013). In the US, frequent hand 

washing and glove changes, particularly after contact with NFCS, which are most likely to harbor 

L. monocytogenes (Sauders et al., 2009, Simmons et al., unpublished) (Hoelzer et al., 2011b), are 
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needed to comply with the Food Code (FDA, 2013). Lubran, et al. observed hand washing only 2-

17% of the recommended frequency in retail delis (Lubran et al., 2010) highlighting a clear 

opportunity to improve compliance. 

Slicers come into contact with the vast majority of RTE meat and cheese sold from a deli 

counter. The slicer may be a source of contamination in two ways (i) transfer point for L. 

monocytogenes from contaminated products onto previously uncontaminated products (Gibson et 

al., 2013, Maitland et al., 2013), or (ii) harbor an environmental niche for persistent L. 

monocytogenes growth (Weatherill et al., 2009). For example, if someone were to slice a 

contaminated meat chub, L. monocytogenes cells may remain on the slicer blade, carriage tray, 

and support trays (Gibson et al., 2013, Maitland et al., 2013). These bacteria remain on the slicer 

until the next chub is sliced, slowly transferring onto the non-contaminated product. The first 10 

slices served to a customer and the remaining unsliced chub returned to the service case may all 

have L. monocytogenes due to product-product cross contamination via the slicer (Gibson et al., 

2013, Maitland et al., 2013). The slicer harboring persistent L. monocytogenes is a more 

concerning scenario, as all products handled on the slider may become contaminated. Persistent 

contamination may indicate inadequate equipment maintenance, poor equipment design, or 

ineffective sanitation processes.  

Transferring bacteria from floors and drain covers to food contact surfaces was not 

detected in a mock deli (Maitland et al.2013).  This study was limited to a group of volunteers 

without previous food service experience working in a controlled environment for a brief period 

of time. From practical experience we are concerned about scenarios such as untied shoe laces 

dragging on the floor, dropped utensils, or customer-interrupted trash clean-up, which may 

require inadvertent employee contact with floors or drains creating opportunities for non-food 

contact surface to food contact surface transmission not observed in the mock deli environment.  

In our most recent study, we found the same DNA fingerprint from L. monocytogenes isolated 

from the floor and from FCS (Simmons et al., unpublished).  While these studies cannot 

determine the direction of transfer (e.g., from the drain to the sink or from the sink to the drain), it 

underscores that this pathogen can be transmitted throughout the deli environment and that 

control strategies are critical to prevent it from contaminating foods.   

 

1. 4 Control Strategies to Eliminate L. monocytogenes and Prevent Listeriosis 

Preventing listeriosis from foods handled at retail is a complex process and difficult to 

measure.  The first step is full cooperation and participation in manufacturing recalls. RTE foods 
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are routinely tested by manufacturers and regulatory agencies. RTE products contaminated with 

L. monocytogenes are recalled to remove them from the market to ensure public safety. However, 

deli personnel must understand that RTE products processed (e.g. sliced, re-portioned, or 

packaged) at retail are at risk for cross-contamination in stores and manufacturing-based controls 

alone are not enough to prevent all listeriosis cases.  The 2013 US Interagency Retail Listeria 

monocytogenes Risk Assessment Workgroup recommended 5 targets for reducing the risk of 

listeriosis from retail foods: (i) control growth through use of growth inhibitors in products and 

temperature control during storage; (ii) control cross-contamination during routine deli 

operations; (iii) control contamination at its source: incoming products, the environment, or 

niches; (iv) continue sanitation to eliminate L. monocytogenes from the environment; (v) identify 

key routes of contamination to RTE foods, such as the slicer (deli meats and cheeses) or serving 

utensils (deli salad) (USDA-FSIS and FDA, 2013). 

Business managers and merchandizers determine which products will be sold (RTE 

meats with or without growth inhibitors; pasteurized or unpasteurized cheeses), the number of 

labor hours allocated to sanitation, which chemicals are used, and many other factors which can 

impact the safety of retail products and prevalence and persistence of L. monocytogenes. 

However, immediate supervisors and managers drive the quality of food safety practices more 

than any other factor (Neal et al., 2012).  Managers who are committed to improving food safety 

in their stores can begin with 5 strategies outlined hereafter.   

 

1.4.1 Temperature control of product in compliance with the Food Code 

The Food Code is the primary regulatory guidelines for ensuring food safety at retail.  

Key strategies to control L. monocytogenes growth include monitoring and maintaining deli 

service cases and walk-in cold storage rooms at temperatures below 41°F (<5°C) (FMI, 2008, 

2012, USDA-FSIS and FDA, 2013).  While L. monocytogenes can grow at refrigeration 

temperatures, reduced temperatures significantly reduce its growth rate.  Maintaining product at 

refrigeration temperatures is among the most effective strategies to prevent L. monocytogenes 

from reaching high levels in foods and subsequently listeriosis (USDA-FSIS and FDA, 2013).       

 

1.4.2 Prevent cross-contamination 

Observational studies (e.g. (Lubran et al., 2010)) underscore the need to increase the 

frequency of hand washing.  Hand washing is a foundational component of a positive food safety 

culture. Aside from teaching employees why hand washing is important, managers can develop 
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product handling strategies that minimize hand contact with NFCS and develop peer-to-peer 

accountability systems to encourage hand washing. It is also important to consider the flow of 

people and products near RTE foods (e.g., raw meat department, produce department).  Because 

L. monocytogenes can be present in raw products (e.g. raw chicken), it is important to limit access 

to the deli to required departmental employees only (FMI, 2008, 2012).  Color coded equipment 

is a common good practice to prevent cross-contamination between raw and RTE foods (e.g., cut 

raw poultry on yellow cutting boards, fresh produce on green).  Similarly for cleaning equipment, 

equipment intended for FCS should be labeled and reserved for only these surfaces (e.g., buckets, 

brushes).  Separate equipment should be available for NFCS as these are more likely to harbor L. 

monocytogenes (1 in 4 floor drains is contaminated with L. monocytogenes (Simmons et al., 

unpublished)). Further, the deli should have its own cleaning equipment and should not provide 

or borrow equipment from other departments (e.g., brooms and hoses used in the raw meat 

department should not be shared with deli, dairy, bakery, or produce). 

 

1.4.3 Make the deli easier to clean and maintain 

Sanitation is a difficult, tedious and time-consuming job.  While it is difficult to change 

some aspects of the process, there are some obvious strategies to make it easier to do and more 

effective.  It is important to remove “clutter” from the area.  This can include unused equipment, 

broken equipment, storage of chemicals below sinks, excess carts, old cleaning equipment, milk 

crates, etc.  In short, personnel should be equipped with the tools and supplies needed to perform 

the job and the rest removed.  Excess equipment and clutter have to be cleaned and cleaned 

around which significantly reduces (i) the likelihood that an area will be cleaned well or (ii) 

cleaned at all.  There should be designated space for cleaning equipment including hanging racks 

for brooms and shelves for sanitizers and detergents.  An excellent example of an area that is 

typically challenging is under the single- and three-basin sink.  This area is (i) already difficult to 

clean, (ii) often wet from dishwashing, and (iii) a common storage area for chemicals and 

equipment.  Results from our most recent study found that the floor wall juncture underneath the 

single-basin sink is one of the most common NFCS persistently contaminated with L. 

monocytogenes (>27% of samples tested were positive for L. monocytogenes) (Simmons et al., 

unpublished).   

Our group is working to identify design challenges, practices, and other risk factors that 

increase the likelihood that a deli will harbor L. monocytogenes.  While some effort has been 

made to enhance the hygienic design of delis and deli equipment, there is significant opportunity 
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for improvement.  Many challenges in the deli department that could result in niches require 

significant capital investments to remediate.  For example, L. monocytogenes can routinely be 

found in pooled water on the floor, which results from improperly sloped floors.  It is inarguably 

a good investment to fix the floor to enhance food safety and to reduce the risk of worker injury 

(e.g. due to slip hazard), however the reality is that many delis have these challenges and they are 

not often a priority.  If components of the deli environment or equipment are worn, damaged, or 

rusted, no amount of chemical or scrubbing will make it microbiologically clean. Well-repaired 

equipment, floors and walls are easier to clean effectively, reducing the risk of harboring 

persistent monocytogenes in retail stores.  In the interim, scheduled preventative maintenance of 

equipment and the deli is a viable strategy (FMI, 2008, 2012).  Preventive maintenance includes, 

but is certainly not limited to, replacing striated, nicked or worn slicer blades, removing and 

replacing loose seals or caulking around sinks and walls, repairing damaged floor tiles, replacing 

worn or rusted components of cold rooms and deli cases, and making sure drains are free-

flowing.  

 

1.4.4 Verify cleaning was performed and performed correctly 

Sanitation remains one of the most important and obvious strategies to enhance food 

safety and to prevent disease.  While it is difficult, time consuming and hard work, creating a 

culture that champions the importance of sanitation is key.  There is a big disparity between 

“saying” cleaning/sanitizing has occurred and “verifying” that it actually did.  Cleaning and 

sanitation checklists, including employees’ initials for accountability (FMI, 2008, 2012), are good 

record-keeping strategies to track action.  Visual inspection of surfaces after cleaning is also a 

good practice.  Sanitizers are ineffective on surfaces that have visible soil or potential biofilms.  

Biofilms and some soils are difficult to visually see in many cases but there are cost effective, 

easy-to-use tools that can help identify challenges.  Two common options are ATP (adenosine 

triphosphate; the “energy currency of all life”) tests and protein test strips.  These rapid tests 

detect general organic soils on a surface in 15-60 seconds, indicating if a surface is sufficiently 

clean to be sanitized. Our studies have identified a correlation between the ATP response value 

and the probability of detecting L. monocytogenes on a cleaned deli surface (Hammons et al., 

unpublished).  ATP does not detect L. monocytogenes, but L. monocytogenes is more likely to be 

found in the presence of soils.  While no one enjoys inspection and auditing processes, internal 

auditing programs can be a great way to identify opportunities for improvements that could 

enhance food safety.  Our studies have found that engaging managers from nearby stores or other 
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departments within the organization brings new perspective which can help identify areas which 

need help or additional resources without the cost associated with third party auditing services.  

Third party audits, however, are an important way to verify food safety practices and to formally 

identify and address gaps.  

 

1.4.5 Provide leadership and support for food safety measures 

The leadership of the organization must create a culture that supports and values food 

safety.  Food safety has to be championed within each service area by providing food safety 

training, education, and resources to all employees. Managers and other members of the 

leadership must allocate sufficient labor hours to support effective cleaning during operating 

hours and after closing and adjust sanitation schedules during busy periods.  Budgeting for 

regular maintenance, chemicals, and tools needed to support sanitation should be routine and 

never viewed as crisis management (FMI, 2008, 2012).  Most importantly, lead by example. 

Supervisors and managers committed to excellence in food safety who follow and enforce health 

code compliance even when it is inconvenient positively influence employees to do the same 

(Neal et al., 2012). 
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CHAPTER 2. ADENOSINE TRIPHOSPHATE LEVELS CORRELATE TO 
PROBABILITY OF LISTERIA MONOCYTOGENES CONTAMINATION IN RETAIL DELIS 

 
 
 

2.1 Abstract 

Listeria monocytogenes is a foodborne pathogen that causes 1,600 cases of illness and 

260 deaths annually in the United States. According to the United States Department of 

Agriculture/ Food and Drug Administration risk assessment, up to 83% of listeriosis cases are due 

to deli meats contaminated in retail delis. As retail delis distribute product directly to consumers, 

rapid methods to validate cleaning and sanitation are needed to improve retail practices.  This 

study investigated the relationships among results from ATP bioluminescence levels, standard 

APC, and detection of L. monocytogenes by traditional culturing techniques in fully operational 

delis.  Fifteen (15) full service delis were concurrently sampled for ATP and L. monocytogenes 

during pre-operational hours once monthly for three months (Phase I) followed by six months 

sampling during customer service hours (Phase II).  A mean pre-operational ATP response 

increased by 1 log RLU increased the odds of detecting L. monocytogenes concurrently by 4 fold. 

A half-log increase in mean ATP response during pre-operational sampling increases the 

predicted operational L. monocytogenes prevalence over 6 months by 2%. ATP sampling 

correlates to prevalence of L. monocytogenes (p<0.001). Data supports use of ATP as a rapid 

method to validate effective cleaning and sanitation to reduce L. monocytogenes in retail delis.  

 

2.2 Introduction 

Listeria monocytogenes is a foodborne pathogen that causes two forms of illness: 

gastroenteritis and systemic listeriosis. L. monocytogenes contamination causes 1,600 illnesses 

and 260 deaths in the United States each year (Scallan, Hoekstra et al. 2011). Vulnerable persons 

include the young, elderly, pregnant women, and immunocompromised individuals (Lecuit 2007; 

Wang and Orsi 2013). It is challenging to prevent L. monocytogenes contamination of food due to 

its ubiquity; the reported prevalence of L. monocytogenes is 7.5% and 1.4% in rural and urban 

environments, respectively.   

 



22 
 

 Independent studies including investigations of human outbreaks (e.g. (CDC 2008)) and 

risk assessments (e.g., (FDA 2003; Endrikat, Gallagher et al. 2010; Pradhan, Ivanek et al. 2010) 

provide compelling evidence that most human listeriosis cases are associated with consumption 

of ready-to-eat (RTE) foods, especially RTE meats, which are handled post-bacterial inactivation 

and stored at refrigeration temperatures (Farber and Losos 1988; Farber and Peterkin 1991; 

Farber and Peterkin 1999). RTE foods L. monocytogenes contamination is almost exclusively due 

to post-process contamination as L. monocytogenes does not survive typical RTE processing 

conditions (Lawrence and Gilmour 1995; Lawrence and Gilmour 1995; Pradhan, Ivanek et al. 

2011; Wang and Orsi 2013). According to the 2003 Food and Drug Administration (FDA) and 

United States Department of Agriculture Food Safety and Inspection Service (USDA FSIS) Risk 

Assessment, RTE deli meats have greater risk of listeriosis per serving than any other food 

(FDA/USDA 2003). Deli meats pose a higher risk due to handling practices, storage at 

refrigeration temperature, and eating without a heat step immediately prior to consumption. A 

2010 risk assessment identified that 83% of listeriosis cases caused by deli meats are from 

product contaminated in retail delis (Pradhan, Ivanek et al. 2010). RTE foods which do not 

intrinsically prevent bacterial growth due to extreme pH, high salinity, or have added growth 

inhibitors may support L. monocytogenes growth even at refrigeration temperatures (McLauchlin 

and Rees 2009).  

The most comprehensive studies that investigate the prevalence of L. monocytogenes in 

retail delis have been conducted by our group (Sauders, Sanchez et al. 2009; Hoelzer, Sauders et 

al. 2011; Simmons, Stasiewicz et al. In prep).  In a recent study by Simmons et al., 9.5% of 

samples tested positive for L. monocytogenes overall including 4.5% of food contact surfaces, 

14.2% of non-food contact surfaces, and 3.3% of transfer points (e.g., slicer handle) (Simmons, 

Stasiewicz et al. In prep).  These high levels of L. monocytogenes prevalence among 

environmental sites in deli establishments is comparable to a 13.0% prevalence previously 

reported in a cross-sectional study of 121 deli establishments (Sauders, Sanchez et al. 2009).  

Routine sampling and pathogen identification in retail delis is currently very limited or not 

conducted at all in some organizations. Cost of labor, equipment, supplies, and time delay to 

obtain results all limit the application of traditional detection techniques to understand pathogen 

contamination patterns in these environments.   

 The presence of pathogens and respective indicator organisms in processing 

environments are targets when designing and implementing efforts to boost cleanliness.  Several 

degrees of cleanliness are considered when applying sanitation efforts in processing environments 
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where pathogen contamination is a concern.  Aesthetic cleanliness of surfaces, utensils and other 

observable areas is not an adequate assessment or degree of a decreased environmental 

microflora.  Traditional methods for assessing the environmental microflora or lack thereof 

include surface swabs, standard plate counts and most probable number (MPN) ((Arthur, 

Bosilevac et al. 2004); reviewed in (Gracias and McKillip 2004)). However, these assessments 

are time consuming and cannot keep pace with the high demand for current food production.  

Testing for adenosine triphosphate (ATP) is a rapid method geared towards assessing biological 

material residuals, including microbial harborage.  In this case, ATP is targeted as a marker.  A 

swab sample is taken from the environment and combined with a lysis buffer, used to release 

ATP from any biological body.  The newly released ATP is combined with luciferin and 

luciferase (an enzyme-substrate system) to generate light very rapidly (Green, Russell et al. 1999; 

Turner, Daugherity et al. 2010).  Thus, the quantity of light generated is directly correlated with 

the amount of ATP present.  Varying degrees of accuracy have been observed for the 

measurement of ATP and the correlation to microbial presence and environmental sanitary 

nature.  Overall, ATP quantitation has been employed in food processing environments and 

surfaces (Poulis, de Pijper et al. 1993; Costa, Andrade et al. 2006. ), clinical settings (e.g. 

(Griffith, Cooper et al. 2000)), hygienic assessments (Larson 2003) and even food products (Yan, 

Miao et al. 2012). Observations have been made for the deficiencies of the ATP method, 

however.  Residual sanitizer chemicals can lead to underestimations of ATP levels due to 

interference with the luciferin and luciferase reaction (Turner, Daugherity et al. 2010).  

Furthermore, the type of food processing environment (e.g. bakery, dairy, frozen) may play a role 

in efficacy of ATP measurement (Moore and Griffith 2002).  Despite sensitivities to 

interferences, the measurement of ATP has been shown to be highly effective in gauging the 

environment for microbial presence and can be a key component, in combination with other 

measurement techniques, to adequately assess an environment or cleaning practices. 

Efficacy of rapid, non-selective methods successfully used in manufacturing to validate 

daily sanitation needs to be tested in retail deli environments. This study investigates the 

relationships among results from ATP bioluminescence levels, standard APC, and detection of L. 

monocytogenes by traditional culturing techniques in fully operational delis.    
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2.3 Materials and Methods 

2.3.1 Overall study design. 

 Environmental samples were collected from fifteen (15) US retail grocery establishments 

with full service delicatessen departments (hereafter abbreviated as “delis”) among three states in 

two phases over nine months (L. monocytogenes prevalence and persistence data in this study are 

detailed in Simmons et al., 2014 (Simmons, Stasiewicz et al. In prep). The authors and university-

based collaborators collected all samples, which were subsequently blinded by a third party 

before in-lab processing.  In Phase I of this study, samples were collected post-sanitation and pre-

operation once monthly for three months from food contact surfaces (FCS), non-food contact 

surfaces (NFCS), and transfer points (TP) (e.g. deli case handle).  During Phase II, environmental 

samples were collected from FCS, NFCS, and TP during deli operational hours once monthly for 

six months in participant delis (n=30).  

 

2.3.2 Pre-operational ATP samples. 

Pre-operational ATP samples were collected using the AccuPoint 2 ATP Sanitation 

Monitoring System (Neogen Corp., Lansing, MI) surface samplers on a 100 cm2 surface area 

(except as noted) standardized by site (Table 2.1).  ATP detection systems in food manufacturing 

are primarily used to assess residual soil residue on FCS.  However, we selected FCS, NFCS, and 

TP sites (n=36) representing potential niche areas for harborage of L. monocytogenes in deli 

establishments. The relative light units (RLU) detection range for the AccuPoint 2 system is 0-

99,999.  While manufacturer-programed ranges of sanitation compliance (pass, marginal, fail), 

we used the continuous data for subsequent analyses as the ranges for compliance (e.g., <150 

RLU = pass, 150-299 RLU = marginal, >300 RLU = fail) were not necessarily appropriate for 

NFCS.    

 
Table 2.1. Phase I ATP Sampling Instructions.  Each sample area approx. 100 cm2 (16 in2), 
except as noted. 
Site Procedure 
3-basin deli sink exterior Swab 10 x 10 cm (4 x 4 in) on the front of the deli sink in the center of 

the last basin (sanitation sink) and include under the lip of the sink  

3-basin deli sink interior Swab 10 x 10 cm (4 x 4 in) around and including the drain cover 
Cart wheel Sample the entire tread of a single wheel of a cart used in the deli area. 

Approximate area <20 cm2 (8 in2). 
Cleaning drain Swab 10 x 10 cm (4 x 4 in) of the drain cover in the utility sink or mop 

sink nearest to deli area.  
Cutting board/counter top Sample a 10 x 10 cm (4 x 4 in) surface of a heavily used counter/table 

top. 
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Deli area floor adjacent to the 
drain 

Swab 10 x 10 cm (4 x 4 in) immediately adjacent to the drain cover; but 
do not worry about sampling around the drain as drains may vary in 
shape and size.      

Deli case Swab 10 x 10 cm (4 x 4 in) in lower front corner near glass and product 
interface in the deli case dedicated to RTE products 

Deli case handle Swab the entire deli case handle (total surface that can be accessed with 
ATP Surface Sample) included front and back of handle. Approximate 
area 130 cm2 (20 in2) 

Deli case near raw meat If a store has either shared deli case or deli case immediately adjacent to 
raw meat area, swab 10 x 10 cm (4 x 4 in) in lower front corner near 
glass and product interface in the deli case  

Deli case trays Swab 10 x 10 cm (4 x 4 in) in corner of a deli case tray 
Deli production sink exterior 
(single basin) 

Swab 10 x 10 cm (4 x 4 in) on the front of the deli sink in the center of 
the sink and include under the lip of the sink  

Deli production sink interior 
(single basin) 

Swab 10 x 10 cm (4 x 4 in) around and including the drain cover 

Door handle, deli cold storage 
room 

Swab the entire cold room handle (total surface that can be accessed 
with ATP Surface Sample) 

Drain, deli area Swab 10 x 10 cm (4 x 4 in) of the drain cover 
Drain, deli cold storage room Swab 10 x 10 cm (4 x 4 in) of the drain cover 
Drying Rack Swab a composite of various drying rack surfaces; 10 x 10 cm (4 x 4 in) 

total.  Include surface area next to a 90º angle (the goal being to sample 
a corner that may or may not be cleaned as efficiently)  

Floor, deli area Swab 10 x 10 cm (4 x 4 in) of the floor in a high traffic area. 
Floor, deli cold storage room Swab 10 x 10 cm (4 x 4 in) immediately inside and center of cold room 

door.   
Floor/wall juncture under 3-basin 
deli sink 

Sample 100 cm (40 in) length of the floor/wall juncture under the 
middle basin of the 3-basin deli sink. 

Floor/wall juncture under 
production sink  

Sample 100 cm (40 in) length of the floor/wall juncture under the single 
basin deli sink 

Hoses (used for cleaning floors) Swab an estimated 10 x 10 cm (4 x 4 in) area of hose immediately 
adjacent to the nozzle 

Knife juncture Swab both sides of a clean knife at the 90º angle where the blade joins 
the handle;  knife may be taken from a magnet bar, block, or rack. 
Approximate area 10cm2 (4 in2) 

Knife rack/scabbard Swab either (i) two knife slots if sampling a block or (ii) 10 x 10 cm (4 x 
4 in) inside a scabbard  

Pans Swab 5 x 10 cm (2 x 4 in) on food contact surface (top of pan) and 5 x 
10 cm (2 x 4 in)on lip and back of pan immediately opposite food 
contact surface. 

Racks, deli cold storage room Swab an estimated 10 x 10 cm (4 x 4 in) of cold storage rack product 
surface including at 90º angle (the goal being the sample a corner that 
may or may not be cleaned as efficiently)  

Re-wrap table Swab 10 x 10 cm (4 x4 in) surface in the middle of the re-wrap table. 
Scale key pad Swab 10 x 10 cm (4 x 4 in) surface of the key pads. 
Scale top Swab 10 x 10 cm (4 x 4 in) surface in the middle of the scale top. 
Service case utensil Sample front and back of a spoon used daily to serve foods displayed in 

the deli case. 
Slicer blade Swab 10 x 10 cm (4 x 4 in) surface on slicer blade close to blade edge. 
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Slicer case below the blade With the blade removed, sample a 10 x 10 cm (4 x 4 in) area on the 
slicer case which is not easily cleaned. 

Slicer handle/knob Swab entire upper handle on slicer food carriage. Approximately 65 cm2 
(10 in2).  

Squeegee or other floor cleaning 
equipment  

Swab an estimated 10 x 10 cm (4 x 4 in) of the surface of a floor 
squeegee or other cleaning equipment 

Standing water on floor Sample standing water using the Water Sampler.  If multiple pools of 
water exist, select the pool closest to the deli slicer 

Trash cans in the deli area Swab 5 x 10 cm (2 x 4 in) on the outside of the trashcan and 5 x 10 cm 
(2 x 4 in) on the inside of the trash can immediately adjacent to the area 
sampled on the outside.   

Wall, deli cold storage room Swab 10 x 10 cm (4 x 4 in) approximately 1 meter from the floor on the 
wall immediately inside the cold storage room door   

 
 
2.3.3 Environmental sampling for bacterial detection.  

In Phase I, 6 NFCS and 1 FCS (Table 2.2) per deli were sampled for standard aerobic 

plate count (APC) enumeration, as well as detection, isolation, and enumeration of L. 

monocytogenes and Listeria spp. concurrently with pre-operational ATP swabbing.  Phase II, a 

total of 28 FCS, NFCS, and TP sites (Table 2.3) were sampled during operational hours monthly 

for 6 months to detect L. monocytogenes. APC enumeration in Phase II was limited to 

presumptive positive samples from the first 3 months. All bacterial samples were collected using 

sterile bag, glove and sponge sampling kits pre-moistened with 10mL neutralizing buffer 

(containing sodium thiosulfate and aryl sulfonate) (Nasco, Modesto, CA). Collected sponge 

samples were stored at 4°C or on ice overnight and shipped from deli location to processing lab.   

 
Table 2.2. Phase I sponge sampling sites. Each sample area approx. 645cm2 (100in2) except as 
noted. FCS = Food contact surface. NFCS = non-food contact surface.  
Site Surface Type Procedure 
Pans FCS Sample composite of pan surfaces, handles, under lip, 

interior, and exterior. 
Slicer casing NFCS Sample casing area below the blade. 

Floor-wall juncture under 3-
basin sink 

NFCS Sample the length of the floor/wall juncture underneath 
the 3-basin deli sink. Approximately 5cm x 90cm (2in x 
36in); total area 450cm2 (72in2). 

Floor adjacent to drain NFCS Deli area floor immediately surrounding a floor drain in a 
high traffic area. 

Trash can NFCS Collect a composite sample of the inside and outside of a 
trash container, particularly hard to clean areas around the 
handle. Do NOT sample the trash can liner.  

Cart Composite NFCS Sample composite of a cart handles, shelf supports and 
junctures/welds. 

Cold storage room rack and wall NFCS Sample composite of cold storage room racks and walls. 
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Table 2.3. Phase II sponge sampling sites. Where FCS = Food Contact Surface; NFCS = Non-
Food Contact Surface; and TP= Transfer Point. Each sample area approx. 645cm2 (100in2) except 
as noted. 

Site Surface Type Procedure 
Slicer blade FCS Sponge will be used to collect sample approx 5 cm (2 in) wide 

around circumference of the front and back of slicer blade.  
Where available, blade cover should be removed and sample 
collected from interior surface near center bearing. If more 
than one slicer is available give preference to: 1) a slicer 
currently in use for RTE deli meats; 2) slicer used on any RTE 
product; 3) slicer not in use, but regularly used for RTE 
products.  

Slicer handle/knob TP Composite sample of handles/knobs used by operators on 
same equipment sampled for slicer blade. Approximate area 
130cm2 (20in2). 

Deli case FCS Composite sample 25cm x 25cm (10in x 10in), collected from 
various areas in the deli case (e.g., areas close to sliced meats, 
door tracks, cooling vents).  

Deli case near raw meat FCS If a deli case is shared or immediately adjacent to raw meat 
area, collect a composite sample 25cm x 25cm (10in x 10in) 
from various areas in the deli case (e.g., areas close to sliced 
meats, door tracks, cooling vents). 

Deli case trays FCS Removable trays within the deli case; a composite sample 
25cm x 25cm (10in x 10in) of top, bottom, side edges of a 
single tray. If no trays/tubs are in use, sample risers or areas in 
direct contact with meat chubs.  

Deli case handle TP Handle on deli case used to open deli case for removal of 
products. Approximately 5cm x 50cm (2in x 20in); 250cm2 
(40in2) total. 

3-basin deli sink interior FCS 3-basin deli sink is defined as the sink in the deli area where  
dishes are washed and sanitized, etc.; Collect a composite 
sample from various areas (e.g. basin surface, corners, drain 
screen surface) in the interior of one basin.  

3-basin deli sink exterior NFCS Exterior face of sink including under sink lip/edge.  
Floor/wall juncture under 3-
basin deli sink 

NFCS Sample the length of the floor/wall juncture underneath the 3-
basin deli sink. Approximately 5cm x 90cm (2in x 36in); total 
area 450cm2 (72in2). 

Deli production sink interior 
(single basin) 

FCS Deli sink is defined as the sink in the deli area where products 
may be removed from packaging etc.; Collect a composite 
sample from various areas (basin surface, corners, drain screen 
surface) in the interior of one basin.  

Deli production sink exterior 
(single basin) 

NFCS Exterior face of sink including under sink lip/edge.  

Floor/wall juncture under 
production sink  

NFCS Sample the length of the floor/wall juncture underneath the 
single-basin production sink. Approximately 5cm x 90cm (2in 
x 36in); total area 450cm2 (72in2). 

Drain, deli area NFCS Sample cover on drain closest to deli area (sample drain 
surface, not in the drain). Total area <645cm2 (100in2). 

Deli area floor adjacent to the 
drain 

NFCS Deli area floor immediately around the floor drain previously 
sampled.  

 



28 
 

Floor, deli area NFCS Floor in deli area in a high traffic area.  Approximately 25cm 
x 25cm (10in x 10in). 

Floor, deli cold storage room NFCS Floor of deli cold storage room (if available) approximately 
25cm x 25cm (10in x 10in). 

Wall, deli cold storage room NFCS Wall of deli cold storage room (if available) near RTE meats; 
approximately 25cm x 25cm (10in x 10in). 

Drain, deli cold storage room NFCS Sample cover on drain (if available) in deli cold storage room 
(sample drain surface, not in the drain). Total area <645cm2 
(100in2). 

Racks, deli cold storage room FCS Composite sample of rack surface (top and bottom) from RTE 
meat shelf closest to floor. Approximately 25cm x 25cm (10in 
x 10in). 

Standing water on floor NFCS Standing water in the deli area, preparation area, or cold 
storage room.  If multiple areas of standing water exist (e.g. in 
deli area, cold storage, and produce prep room) sample all and 
denote different sample with lowercase letters  (e.g. deli area 
standing water 20(a), cold storage area standing water 20(b)) 

Squeegee or other floor 
cleaning equipment 

NFCS Sample squeegee or other floor cleaning equipment used in 
deli area; focus on areas in direct contact with the floor, 
approximately 10cm x 64cm (4inx 25in).  

Cart wheel NFCS Sample circumference of single cart wheel edge which 
contacts floor from cart. Approximately 2.5cm x 25cm (1in x 
10in). 

Hoses (used for cleaning 
floors) 

NFCS Sample circumference of hose for 25cm (10in) length closest 
to nozzle; additionally sample worn areas if present. Total area 
194cm2 (30in2). 

Trash cans in the deli area NFCS Collect a composite sample of the inside and outside of a trash 
container, particularly hard to clean areas around the handle. 
Do NOT sample the trash can liner.  

Scale composite TP Collect a composite sample of the scale top surface and the 
keypads. 

Cutting board FCS Sample 25cm x 25cm (10in x 10in) of cutting board surface 
currently in use. 

Re-wrap counter/table FCS Sample cool shelf portion, 25cm x 25cm (10in x 10in) of 
heated rewrap table. 

Counter FCS Sample 25cm x 25cm (10in x 10in) of high traffic deli 
counter/table surface.  
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2.3.4 Aerobic plate counts.  

Aerobic plate counts were obtained by hand massaging the sponge and neutralizing 

buffer inside sample bag then removing a 100µL aliquot and diluting with 900µL phosphate 

buffered saline before spreading the 1mL diluted sample on aerobic count Petrifilm (3M, St. Paul, 

MN) according to manufactures instructions.  After 48 h at 35°C, all red dots—formed by 

reduction of tetrazolium indicator—were counted as colony forming units and multiplied by the 

102 dilution factor to obtain total plate counts. Limits of detection for aerobic plate counts were 

<2.5x103 to >2.5x104 cfu/sample. 

 

2.3.5 Detection and isolation of L. monocytogenes and Listeria spp.  

Biochemical identification of L. monocytogenes was conducted using a modification of 

the Food and Drug Administration Bacteriological Analytical Manual (FDA BAM) procedure for 

isolation of Listeria spp. and L. monocytogenes from surface swabs as described by Simmons, et 

al 2014 (Simmons, Stasiewicz et al. unpublished). In brief, sponge samples were stomached 

60±1s @ 230rpm with 90 ml of Buffered Listeria Enrichment Broth (BLEB; Difco, Becton 

Dickinson, Sparks, MD) in a Stomacher 400 (Seward, West Sussex, United Kingdom) then 

allowed to pre-enrich for 4 h at 30°C. After 4 h, 360 µl of Listeria Selective Enrichment 

Supplement  (LSES; 3.6 mg/ml sodium hydroxide; 9mg/ml nalidixic acid; 2.25 mg/ml 

acriflavine; 11.25 mg/ml cycloheximide; in 10% methanol aqueous solution) was added to the 

sponges and the samples were returned to 30°C for an additional 44 h selective enrichment.  At 

24 h and 48 h total enrichment, 50µL aliquots were streaked to Modified Oxford (MOX; DIFCO, 

Becton Dickinson) and Listeria monocytogenes Plating Medium (LMPM; R&F Laboratory, 

Donner’s Grove, IL) then incubated at 30°C and 35°C respectively.  MOX and LMPM plates 

were analyzed and scored positive or negative for L. monocytogenes and other Listeria species 

after 24 h and 48 h growth. Four, blue presumptive L. monocytogenes positive colonies from 

LMPM plates and up to two grey presumptive Listeria spp. colonies from MOX plates were then 

sub-streaked to LMPM plates for 48 h at 35°C.  L. monocytogenes and Listeria spp. colonies were 

streaked to Brain Heart Infusion plates (BHI; DIFCO) and placed at 37°C overnight.  Isolates 

were inoculated to 5 ml of liquid BHI to incubate at 37°C overnight then frozen at -80°C in 15% 

glycerol solution. Presumptive L. monocytogenes and Listeria spp. isolates were identified to 

species level by polymerase chain reaction (PCR) amplification, sequencing, and typing of the 

sigB gene using a previously described method (Nightingale, Bovell et al. 2007). 
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2.3.6 Quantitative L. monocytogenes from environmental samples.  

All presumptive L. monocytogenes positive samples from Phase I preoperational 

sampling and the first three months of Phase II operational sampling were enumerated by direct 

plating to LMPM and a Most Probable Number (MPN) protocol adapted from the Food and Drug 

Administration Bacteriological Analytical Manual (FDA BAM) for surveillance enumeration 

(Available at: http://www.fda.gov/food/foodscienceresearch/laboratorymethods/ucm071400.htm). 

Specifically, two 10-fold serial dilutions were prepared by transferring 1mL from a 10mL 

aliquot—which  had been reserved from each sample BLEB homogenate before initial pre-

enrichment and held on ice at 4°C for 4 days—into 9mL of BLEB. During Phase I, 100µL from 

the undiluted aliquot were spread plated to LMPM then enumerated after 48 h incubation at 

35°C—limit of detection <2.5x104 to >2.5x105 cfu/sample. Enumeration procedure was modified 

for Phase II to include direct plating to LMPM from the 10-fold and 100-fold dilutions to 

enumerate heavier bacterial loads—modified limits of detection <2.5x104 to >2.4x107 cfu/sample. 

After direct plating, MPN enumeration of L. monocytogenes was performed in four steps. First, 

4µL LSES per mL BLEB were added to each dilution and dilutions were divided to three 3mL 

aliquots each—nine tubes per sample—then incubated at 30°C. After 48 h selective enrichment, 

tubes were scored for turbidity and 10µL of each tube substreaked to LMPM then incubated 48 h 

at 35°C. The appearance of blue presumptive L. monocytogenes colonies on LMPM was scored 

as a L. monocytogenes positive tube. MPN values of L. monocytogenes in the middle dilution 

obtained by comparing scoring pattern of dilutions plated to LMPM to an MPN table. MPN 

values were divided by 3—to control for the 3mL broth volume per tube—and multiplied by the 

dilution factor 103 to quantify presumptive L. monocytogenes cfu/sponge. Limits of detection for 

L. monocytogenes were <10 to >3.7x103 cfu/sponge by MPN and <2.5x104 to >2.5x107 

cfu/sample by direct plating.  

 

2.3.7 Statistical analyses to assess relationships among ATP, APC, L. monocytogenes presence 

and population.   

The purpose of this study was to assess the relationship between non-selective indicator 

tests (i.e. ATP and APC) and L. monocytogenes presence and population (i.e. MPN).  All ATP 

responses and bacterial counts (i.e. APC and MPN) were transformed by log10 to normalize for 

the exponential production of ATP and growth of microorganisms. Relationships between each 

test method were assessed using statistical methods best suited to the properties of the data. 

Statistical comparisons were done as follows: (i) ability of log10APC to predict L. monocytogenes 

 



31 
 

presence was tested by a logistic regression, (ii) ability of log10APC to predict log10MPN was 

tested by simple linear regression, (iii) ability of ATP response (log10RLU) to predict log10APC 

was tested by simple linear regression, and (iv) ability of ATP response (log10RLU) to predict L. 

monocytogenes presence was tested by logistic regression; with analysis conducted in SAS 9.3 

(SAS Institute Inc., Cary, NC). Further studies of the relationship between ATP response 

(log10RLU), L. monocytogenes presence (Phase I) and operational prevalence (Phase II) were 

assessed in JMP 10 (SAS Institute Inc., Cary, NC). Specifically, mean log10RLU responses from 

pre-operational ATP swabs in Phase I were compared to the prevalence of L. monocytogenes on 

operational sponge samples collected in Phase II for sites sampled in both phases (n=12).  A 

visualization of this correlation was plotted using R 2.15.1 (The R Foundation for Statistical 

Computing, Vienna, Austria). Further, an inverse logistic regression was used to predict the 

log10RLU value which would result from accepting specific probabilities of risk for L. 

monocytogenes positive samples on FCS and NFCS.  

 

2.3.8 Selection of sampling sites for future routine monitoring programs.   

Representative ATP sample sites were selected using the following criteria: (i) to 

represent groups of sites which positively correlated (>0.6) to each other; (ii) all sites that had a 

negative predictive value for L. monocytogenes positive delis >60% in phase II data and were not 

correlated to sites selected by criteria (i); (iii) all sites that had significantly higher ATP relative 

light units (RLU) by ANOVA of Phase I results for delis that were L. monocytogenes positive 

versus L. monocytogenes negative.    

 

2.4 Results and Discussion 

The aims of this study were to investigate (i) the relationship between APC and L. 

monocytogenes positive environmental samples; (ii) the ability of APC to predict quantitated L. 

monocytogenes (by MPN); (iii) the ability of ATP (log10RLU) to predict APC; and (iv) the ability 

of ATP (log10RLU) to predict L. monocytogenes positive environmental samples.  It remains that 

ATP testing cannot specifically detect the presence of a specific organism, but our data indicated 

that there is a correlation between ATP response and standard APC and the probability of 

detecting L. monocytogenes.  This is the first study, to our knowledge, to find statistically 

significant correlations between a non-selective or differential ATP test and the presence of a 

foodborne pathogen in a fully operational food system.   

 

 



32 
 

2.4.1 Description of pre-operational and operational observations  

Pre-operational and operational prevalence data of L. monocytogenes in retail delis has 

been described in depth by Simmons, et al. (Simmons, Stasiewicz et al. In prep).  In short, the 

Phase I pre-operational data contained 197 observations, in which concurrent ATP swabs, and 

environmental sponge samples were taken for APC and detection and enumeration of L. 

monocytogenes. Only 13 of those samples were positive for L. monocytogenes and had MPN 

enumeration data. In total, 4173 Phase II operational samples were collected and L. 

monocytogenes was detected on 418 (10.01%) of samples.  L. monocytogenes prevalence on sites 

(n=26) which were previously swabbed for preoperational ATP varied from 0.60% (1/179) on the 

re-wrap counter to 27.70% (36/130) on the squeegee with NFCS harboring a greater proportion of 

L. monocytogenes positive samples (14.24%; 336/2360) than either FCS (5.02%; 64/1273) or TP 

(3.33%; 18/540).  

 Scatter plots for relationships among each factor observed during pre-operational 

sampling (ATP in RLU, APC, L. monocytogenes presence, and MPN enumeration of L. 

monocytogenes) and the log10 transformation of count-based variables (i.e. log10RLU, log10APC, 

and log10MPN) were viewed for potential relationships (Figure 2.1). Potential relationships 

amongst ATP bioluminescence levels (log10RLU), standard plate counts (log10APC), and detected 

L. monocytogenes were observed and selected for further investigation.  
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Figure 2.1 Scatter plots for relationships among each factor observed during pre-operational sampling 
(ATP in RLU, APC, L. monocytogenes presence, and MPN enumeration of L. monocytogenes) and the 
log10 transformation of count-based variables (i.e. log10RLU, log10APC, and log10MPN). Note the far right 
column and bottom row variable is “Log10_LM_MPN” representing the log10 transformation of MPN 
count data (log10MPN). 
 

 Additionally, relationships between mean pre-operational ATP bioluminescence level 

were compared to observed six-month operational L. monocytogenes and Listeria spp. prevalence 

by site. Mean response for each of the Phase I ATP swab sites (n=12) which overlapped with 

Phase II sample sites ranged from 2.5 to 4.0 log RLU (300 to 10,000 RLU) with large standard 

deviations (Figure 2.2).  ATP response positively correlated with Phase II (operational) L. 

monocytogenes prevalence at shared sites (Spearman’s Rho = 0.79, p<0.001) (Figure 2.3). The 

greatest L. monocytogenes prevalence observed from sites with mean ATP readings >3.5 log 

RLU, or approximately 3,000 RLU. Half-log step reductions in mean pre-operational ATP 

response (Phase I) correspond to 2-fold reduction in operational L. monocytogenes prevalence 

over 6 months (Phase II); for 3.5 to 3.0 to 2.5 log RLU the probability of L. monocytogenes 

positive is reduced from 6.6% to 3.4% to 2.5%.  
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Figure 2.2 Mean pre-operational ATP level (RLU) graphed with phase II Listeria spp. and L. 
monocytogenes prevalence for 12 overlapping sites. 
 

 

Figure 2.3. Mean Pre-operational (phase I) ATP response correlates to Operational (phase II) L. 
monocytogenes prevalence for representative sites (Spearman’s Rho = 0.79, p<0.001) 
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2.4.2 Aerobic plate counts correlate to probability of L. monocytogenes presence but not quantity 

in an environmental sample.  

A 1 log increase in aerobic plate count (APC) response related to a 4.8-fold increase in 

the odds of detecting L. monocytogenes (Likelihood ratio CI95= 1.4, 36.9; p=0.006) (Figure 2.4). 

This model had a concordance index of 0.72 as described by the area under the Receiver 

Operating Characteristics (ROC) curve which plots the sensitivity and 1-specificity of the model 

across all potential cut-off values (Figure 2.5). 

 

 
Figure 2.4 Plot of fitted nominal logistic regression where APC bacterial load (Log10(cfu/sponge)) 
correlates to the probability of detecting L. monocytogenes. The line represents fitted model 
where a 1 log increase in APC counts increased the odds of detecting L. monocytogenes by 4.8-
fold (95% likelihood ratio= 1.4, 36.9; p=0.006). Observations above the curve had no L. 
monocytogenes detected (NEG). Observations below the curve tested positive for L. 
monocytogenes (POS). Vertical distribution of points away from the curve is arbitrary.  
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Figure 2.5 Receiver Operating Characteristics (ROC) curve for logistic regression modeling 
probability of detecting L. monocytogenes from APC bacterial load (Log10(cfu/sponge)). Area 
under the curve (concordance index) = 0.723.  

 

However, no relationship could be tested between aerobic plate count and enumeration of 

L. monocytogenes population (MPN) due to (i) limited sample size—only 9 observations with 

MPN responses had valid APC due to laboratory contamination of a sample set (n=4); and (ii) all 

nine available observations were above the upper limit of detection for APC and therefore had the 

identical responses (>2.5x104 cfu/sample) (Figure 2.1).  

 

2.4.3 ATP correlates to probability of a L. monocytogenes positive sample and aerobic plate 

counts. 

ATP response positively correlated to standard plate counts (p<0.0001) where a 1 log 

increase in RLU resulted in a 0.33 log increase in APC (0.20- 0.46 fold at 95% Wald Confidence 

Interval) (Figure 2.6). Others have previously described correlations between ATP response and 

standard plate counts in milk plants (Murphy, Kozlowski et al. 1998), on raw chicken carcasses 

(Siragusa, Dorsa et al. 1996), in soy sauce (Yan, Miao et al. 2012) and on the hands of surgical 

staff (Marena, Lodola et al. 2002). Although not all researchers have detected correlations 

between ATP response and standard plate counts (Larson 2003) nor agree if detected correlations 

should be considered for practical use due to high variability in sensitivity of various proprietary 

ATP detection systems (Colquhoun, Timms et al. 1998) and potential interference from residual 

sanitizers and cleaners (Green, Russell et al. 1999).  We postulate that our study design 

minimized the impact of residual sanitizers as samples were collected 4-7 h after the last chemical 
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application and improvements made to ATP testing systems since the study by Colquhoun et. al. 

in 1998 (Colquhoun, Timms et al. 1998) have reduced the variability inherent in the testing 

system. 

 
Figure 2.6. Correlation of pre-operational ATP bioluminescence levels (log10RLU) to concurrent 
bacterial load by APC (log10(cfu/sponge)).  
 

There was a significant relationship between ATP bioluminescent levels and the 

probability of a L. monocytogenes positive sample.  This relationship was significant (nominal 

logistic regression; p<0.001); where a 10-fold increase in RLU increased the odds of a concurrent 

L. monocytogenes positive by 4-fold (2-10 fold at 95% likelihood ratio) (Figure 2.7).  

Observation of the Receiver Operating Characteristics (ROC) curve for sensitivity and specificity 

of the model (Figure 2.8) has a high concordance index (0.82).  A slight linear trend was observed 

in the scatter plot of ATP response (log10RLU) and L. monocytogenes enumeration (log10MPN) 

(Figure 2.1) however a simple linear regression model did not detect ATP response as a 

significant factor to indicate L. monocytogenes quantity potentially due to small sample size 

(n=13). 
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Figure 2.7. Plot of fitted nominal logistic regression where ATP bioluminescence levels (Log10RLU) 
correlates to the probability of detecting L. monocytogenes. The line represents fitted model where a 1 log 
increase in ATP levels increased the odds of detecting L. monocytogenes by 4-fold (95% likelihood ratio= 
2.0, 10.1; p<0.001). Observations above the curve had no L. monocytogenes detected (NEG). Observations 
below the curve tested positive for L. monocytogenes (POS). Vertical distribution of points away from the 
curve is arbitrary. 
 

 
Figure 2.8 ROC curve for logistic regression of ATP level to predict probability of L. 
monocytogenes detection; concordance index=0.82. 
 

The correlation of ATP response to probability of pathogenic contamination should be 

considered cautiously, particularly as both ATP response and presence of L. monocytogenes 

independently correlate to APC response. Previous studies of pure culture organisms found ATP 

less efficient at detecting Gram-positive bacteria than gram-negative bacteria potentially due to 

incomplete cell lysis (Turner, Daugherity et al. 2010). By this reasoning, it is possible that the 

observed correlation of ATP to detection of the Gram-positive pathogen L. monocytogenes owes 
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more to the increased quantity of other organisms present—as evidenced by increased APC 

values—than the pathogen itself. For this, ATP should not be considered a true validation method 

or replacement for traditional microbiological testing in food processing environments. 

However, the relationships between ATP bioluminescence levels, bacterial loads, and the 

probability of L. monocytogenes detection, along with the rapid results and ease of use are 

evidence of ATP measurement as a good risk management tool. Specific thresholds of acceptable 

ATP levels can be programmed into the monitoring unit for each surface type tested. Samples 

which exceed the accepted threshold can be further cleaned to reduce the likelihood of L. 

monocytogenes contamination. As most retail deli operations currently do not have the budgetary 

capacity or personnel required to conduct traditional environmental monitoring programs, ATP 

monitoring can be a rapid (<60 second per sample), cost-effective strategy for routine monitoring 

of environmental hygiene by personnel with minimal training.  

 

2.4.4 Defining ATP limits to decrease risk of L. monocytogenes.  

Each institution or food processing environment which seeks to implement ATP testing 

should develop thresholds for ATP response specific to the environment, food products handled, 

and ATP testing system used—RLU scales vary greatly between manufacturers. An inverse 

logistic regression described the ATP bioluminescence levels which correspond to a specific risk 

of detecting L. monocytogenes on the surface (Figure 2.9).  

 

 

Figure 2.9. Inverse logistic regression probability. Where the sloping curve represents the 
predicted probability of an L. monocytogenes positive at a given log RLU value; arrows indicate 
95% Wald’s confidence intervals for the predicted log RLU values for each given probability.  
The 2.5, 3 and 3.5 logRLU suggested thresholds are indicated by vertical lines. 
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 From this study, we recommend the following beginning thresholds for groups using the 

AccuPoint2 ATP monitoring system (Neogen Corp., Lansing, MI) in retail delis. On FCS with a 

10 x 10 cm (4 x 4 in) sample area <150 RLUs pass, values from 150-299 RLU are marginal (re-

clean if possible), and values >300 RLUs fail (immediately re-clean) (Figure 2.5). If using ATP 

on NFCS, we recommend the following thresholds for a 10 cm x 10 cm (4 x 4 in) sample area: 

<300 RLUs pass, 300-1000 RLUs are marginal, >1000 RLUs surface should be cleaned again. 

(Figure 2.10).  

 
Figure 2.10. Recommended ATP response thresholds for AccuPoint2 ATP monitoring system in 
RLUs. Where FCS limits: pass <150, marginal 150-300, fail >300 RLU; NFCS limits: pass <300, 
marginal 300-1000, fail >1000 RLU.  
 

2.4.5 Identifying representative sites for routine ATP monitoring. 

As sampling 35 ATP sites on a daily basis is not practical for retail delis, we used this 

data to select a subset of sites, which best represent potential L. monocytogenes harborage areas 

(Table 2.4).  Six ATP swab sites were selected from groups of sites positively correlated (r2>0.6) 

to each other: cold storage room drain, deli floor drain, deli case handle, slicer knob, squeegee, 

and cutting board. Two additional sites (scale composite and cold storage room door handle) were 

selected as these sites had elevated ATP responses in stores where L monocytogenes was detected 

in pre-operational samples compared to stores without detectable preoperational L. 

monocytogenes. Additionally, the single basin sink interior was included as it had a negative 

predictive value (r2 > 60%) for preoperational L. monocytogenes and was not correlated to sites 

previously selected. The deli case interior swab was added on recommendation of corporate 

sanitarians to monitor case cleanliness which was not otherwise adequately represented in the 

proposed sampling plan.  
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Table 2.4. Selection criteria of representative sites used in statistical analysis 

Site NameA 

Justification 

Phase I or Phase II Correlations 
NPVD 
>60% 

Higher 
ATP in 
LM+ 
StoresE 

Phase II 
Prev. 
>10%F 

Cold Room Drain [PI]B 3-basin sink ext., deli case handle, cold 
room handle, floor wall junction 

YG Y Y 

Deli Drain [PII]C Standing waternpv, Deli floor adjacent 
to drainnpv,prv, Deli floorprv, Squeegee 

Y -H Y 

Deli Case Handle [PII] Deli case tray - - - 
Slicer Knob [PII] Counter - - - 

Squeegee [PII] Deli drain, Deli floor adjacent to 
drainnpv,prv, Cold room floornpv 

- - Y 

Cutting Board [PII] Counter, Deli case by raw meat - Y - 
1 Basin Sink Interior None Y - Y 
Scale None - Y - 
Cold Room Handle None - Y Y 
Deli Case None - - - 

AATP site location; 
BDenotes correlation among sites in Phase I pre-operational sampling for L. monocytogenes in Simmons et 
al, in prep; 
C Denotes correlation among sites in Phase II operational sampling for L. monocytogenes in Simmons et al, 
in prep; 
DSite with negative predictive value for in-deli preoperational L. monocytogenes; 
ESites with elevated ATP responses in delis with preoperational L. monocytogenes;  
GDenotes site met selection criteria in column header; 
HDenotes  site did not meet selection criteria in column header; 
npvThese sites also had a negative predictive value > 60% but were not selected as sample sites as they 
correlated to already selected sites;  
prvThese sites also had an L. monocytogenes prevalence > 10% in phase II but were not selected as sample 
sites because they are correlated to already selected sites.    

 

In general, ATP testing is best used as a managerial tool. When routinely used to monitor 

environments, ATP trends can indicate surfaces which require additional attention, such as re-

cleaning, or amendments to cleaning schedules (Sherlock, O'Connell et al. 2009), or maintenance 

to replace worn surfaces (e.g. striated slicer blades) which gather soils and can harbor bacterial 

contamination. Together these 10 representative test sites and recommended RLU thresholds can 

be used by retail delis to establish routine environmental monitoring systems without any 

previous experience. Although further research is needed to identify specific impacts of 

implementing ATP monitoring systems in retail delis, we feel ATP hygiene systems can be a 

useful managerial tool to improve food safety practices and protect public health.  
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CHAPTER 3. EVALUATION OF DEEP CLEAN SSOP AS A LISTERIA 
MONOCYTOGENES CONTROL STRATEGY IN RETAIL DELIS 

 
 
 

3.1 Abstract 

Delicatessen meats sliced at retail are estimated to cause 83% of listeriosis cases which 

resulted from consumption of contaminated deli meat each year.  Previously tested daily SSOPs 

by our group did not reduce Listeria monocytogenes contamination in delis with evidence of 

highly prevalent and persistent L. monocytogenes contamination, thus warranting alternative 

aggressive mitigation strategies.  The purpose of this study was to assess the efficacy of an 

aggressive 12 h deep clean sanitation standard operating procedure (SSOP) designed to reduce 

persistent L. monocytogenes environmental contamination in retail delis.  We tested the efficacy 

of a deep clean SSOP in nine delis in three states.  The developed SSOP protocol combined Food 

Marketing Institute recommended daily SSOPs and input from experts in Listeria control from 

food manufacturing and sanitation.  The SSOP was executed by a trained professional cleaning 

service during a 12 h shut-down period. Standard culture procedures were used to detect L. 

monocytogenes in 28 food contact and non-food contact surfaces samples taken immediately 

before and after each cleaning, and in samples taken monthly afterwards for 3 months.  Delis 

(n=5) with historically low L. monocytogenes prevalence (<5% positive samples; >300 samples 

tested) had no statistically significant changes in L. monocytogenes positive samples after the 

deep clean.  Deep cleans in four delis with historically high L. monocytogenes prevalence (≥10%) 

had varying efficacy. In two delis, deep cleaning reduced L. monocytogenes positive samples by 

50% and 75%; one deli had no change and one deli had increased L. monocytogenes positive 

samples immediately post-deep clean (not statistically significant).  L. monocytogenes positive 

samples returned to pre-deep-clean levels in highly prevalent delis based on monthly sampling. 

Deep cleaning was immediately effective in delis with high L. monocytogenes prevalence and 

persistence and does not increase L. monocytogenes prevalence in delis with historically low L. 

monocytogenes prevalence. However, a single deep clean may not be sufficient to mitigate L. 

monocytogenes in some retail delis with evidence of persistence.    
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3.2 Introduction 

Food products contaminated with L. monocytogenes are the primary vector of listeriosis 

infection in humans and animals. Although the annual infection rate for listeriosis is low 

(approximately 1600 cases annual), nearly 16% of listeriosis cases result in death, making it the 

third leading cause of foodborne illness-related deaths in the United States [3].  Many listeriosis 

prevention strategies focus on Ready-to-Eat (RTE) meats, which are the highest risk food 

category for listeriosis, followed by dairy products and un-reheated frankfurters [1].  Deli meats 

sliced at retail are six times more likely to be contaminated with L. monocytogenes than 

manufacturer-packaged products [4].  This suggests that product-to-product or environment-to-

product (e.g. slicing) cross-contamination may occur after cooking with greater frequency in deli-

sliced products than under manufacturing conditions.  By 2010, two independent risk assessments 

estimated that up to 83% of listeriosis cases from RTE meats could be attributed to products 

sliced and sold in retail delicatessen establishments [5, 6].  

Approximately 55-65% of retail delis in the US have L. monocytogenes on food contact 

and non-food contact surfaces [7-9]. Within establishments prevalence varies, but contamination 

may be found on up to 40% of surfaces tested [9]. This may be due in part to the open nature of a 

retail deli, where L. monocytogenes may enter the deli on customers’ and workers’ shoes, as well 

as cart wheels, raw meats, fresh produce, and RTE meats handled in the deli. Current daily 

sanitation standard operating procedures (SSOPs) in delis are targeted to control L. 

monocytogenes contamination on food contact surfaces (FCS) (e.g., counter tops, slicers, trays)—

including cleaning and sanitizing all FCS once every 4 h during operation [10]. Perhaps due to 

this focus, L. monocytogenes is detectable on only 2-4% of FCS but 15-20% of non-food contact 

surfaces (NFCS) (e.g., drains, floors, hoses) [7-9]. Our group previously tested proposed changes 

to daily SSOPs developed by the Food Marketing Institute Listeria Working Group in 30 retail 

delis among 3 states and determined the intervention to be largely ineffective (Oliver et al., 

unpublished). Deli environments with L. monocytogenes on >10% of FCS and NFCS tested pre-

intervention were the least responsive to interventions with post-intervention prevalence equal-to 

or slightly greater-than previously observed (Oliver et al. unpublished).   

The most recent USDA/FDA listeriosis risk assessment concluded that improved food 

safety practices in retail delis to control growth, cross-contamination, and potential sources of L. 

monocytogenes would help prevent illness and reduce the risk of listeriosis from foods handled at 

retail [11]. Based on the potential range of L. monocytogenes prevalence in delis as well as strong 

evidence that L. monocytogenes can persist in these environments [9], we hypothesized that delis 
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with the highest contamination levels also had the largest sanitation challenges (e.g., soil build-

up, standing water) which cannot be mitigated by standard daily sanitation practices.  We 

anticipated that these facilities required more aggressive mitigation strategies to effectively 

eliminate or reduce L. monocytogenes contamination from the deli environment.  To that end, we 

developed and tested a “Deep Clean” SSOP aimed to reduce prevalent and idealistically eliminate 

persistent L. monocytogenes in delis with historical L. monocytogenes challenges. 

 

3.3 Materials and Methods 

3.3.1 Overall study design   

A deep clean sanitation standard operating procedure (SSOP) was developed by and 

tested in 9 retail delis with full service delicatessen establishments (“delis”) previously studied [9] 

representing three states.  Delis were selected to represent both historically low and high L. 

monocytogenes contamination, <5% and >10% respectively, and for geographical representation 

among three states.  Delis in this study are identified by deli number from our previous study of 

30 delis from, which these nine delis are a subset [9].  A third party cleaning service executed the 

deep clean SSOP during Sep-Oct 2012 in all delis.  Environmental sponge samples to detect L. 

monocytogenes and other Listeria spp. were taken on food contact surfaces (FCS), non-food 

contact surfaces (NFCS), and transfer points (TP) (n=28), immediately before and after execution 

of the deep clean. Longitudinal follow-up samples were collected from the same sites during 

operational hours once monthly for 3 months post-deep clean.   

 

3.3.2 Development process for deep clean procedure  

Our group, in cooperation with the corporate sanitarians of participating retailers and 

sanitarians from large RTE meat manufacturers recognized for innovative L. monocytogenes 

controls, developed the deep clean protocol.  The Food Marketing Institute Guidance for Control 

of Listeria monocytogenes was consulted as a guide for the general structure of the SSOP which 

was designed to include all regular deli sanitation procedures, even those conducted less 

frequently (e.g. monthly or quarterly), in sequence to minimize cross-contamination of cleaned 

surfaces. Revisions were made to the deep clean SSOP (Appendix B) after the initial deep clean 

to reflect the division of labor by teams in zones, which were not captured in the original 

document.  
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3.3.3 Preparation and scope of deep clean SSOP  

A 10 person cleaning crew hired through a third-party cleaning service was trained on the 

deep clean SSOP by the authors, with additional support from the retailer sanitation chemical 

provider. Deep cleans were executed during a 12 h overnight shutdown period to minimize 

business disruptions to the delis. Equipment used strictly for prepared foods or hot products (e.g., 

proofing cabinets, ovens, fryers) were considered out of scope; out of scope equipment located in 

the deli were cleaned and sanitized on the exterior only to control potential microbial surface 

contamination, without drawing focus to hot surfaces which pose low risk for harborage of L. 

monocytogenes. When deli department traffic flow intermingled with an adjacent department (e.g. 

bakery), the floors in both areas were included in the deep clean to control cross-contamination 

between NFCS in both departments.  Planning responsibilities were divided among four parties: 

retailer/deli, sanitation provider, third party cleaning service, and academic researchers. Each 

retailer communicated the planned intervention vertically through the company, scheduled 

additional labor to support removal of dry goods and food products before deep clean and assist 

in  deli setup after deep cleans, and maintenance staff to support each event. Highly engaged 

corporate sanitarians and food safety directors who advocated for the additional resources within 

their organizations were key to planning success. The regular sanitation provider obtained and 

delivered the additional chemicals and special tools (e.g., wet-dry vacuum, foaming detergent 

dispenser, additional hoses) to the deli in advance, as the sanitation provider was most familiar 

with the available products and resources. The third party cleaning service provided personal 

protective equipment (PPE) for their personnel.  

  

3.3.4 Execution of the deep clean SSOP  

Execution of tasks throughout the deep clean was organized by responsible party, 

priority, and estimated timeline for completion (Figure 3.1). All food products, dry goods, and 

records were removed by deli associates before the cleaning crew arrived. Food products were 

moved to coolers in the dairy or produce departments to maintain cold chain; storage of ready-to-

eat products in areas where raw meat was handled (i.e. meat or seafood departments), as well as 

foot traffic through such areas  was strongly discouraged, and if unavoidable was restricted to 

managers. As opposed to a Listeria recovery process where all open products would be discarded 

after detection of Listeria spp. on food products, this study had no evidence of contaminated 

foods, and open products were retained at the retailer’s discretion. Labor was divided into three 

teams working in zones across the deli, with tasks in each zone prioritized to allow a large 
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cleaning crew to work simultaneously and effectively (Figure 3.2).  Environmental microbial 

samples were collected after food products were removed, before cleaning began (detailed 

below).  Key learnings for planning and execution of deep cleans are included in the results and 

discussion.  The deep clean SSOP (Appendix B) developed in this work details strategies for soil 

removal from all deli equipment and environmental deli surfaces.  

 

 

 

 

 

 

 

 

 

 



Figure 3.1. Progressive deep clean timeline. Time progresses left-to-right with tasks color coded by zone (Team 1- green; Team 2-orange; 

Team 3- purple; red and blue are research or administrative tasks). Note the black line-distinguishes when all FCS and equipment was 

completed. Floors and drains were then cleaned in all zones. 
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Figure 3.2. Deep clean SSOP division of labor and priorities by zone. Tasks are color coded by zone to match Figure 3.1 (Team 1-green; Team 

2-orange; Team 3- purple; All teams-white) and prioritized by level from highest to lowest priority, top-to-bottom, left-to-right. An exception 

was the deli case, which was highest priority for the customer service area and completed before other tasks began.  
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Cleaning tools and calibration of cleaners and sanitizers.  Chemical dispensing systems 

were calibrated by the sanitation provider to higher concentrations for foaming chlorinated 

cleaner and dispensing quaternary ammonium sanitizer at disinfectant concentration (400 ppm).   

All new deck brushes, scrub brushes and other tools were labeled by contact surface (i.e. FCS, 

NFCS, drain) with a permanent paint marker then soaked in disinfectant level sanitizer for 10 min 

before use. Tools were returned to sanitizer solution when not in use to decrease bacterial load. 

Hand sinks and three-compartment sinks were cleaned first to facilitate hygiene. Sanitizer boot 

dip stations (400 ppm quaternary ammonia) were placed at each entrance to the deli department 

and used by all crewmembers upon entering or exiting the deli area. Sanitizer in both boot dip 

stations and tool storage baths was changed every 2 h, or more frequently as needed.  At times, 

sanitizer tracked out of the boot dip station and onto the sale floor was squeegeed back into the 

deli; alternatively, clean towels on the affected floor absorbed water and decreased the risk of 

slipping.  

Cleaning and sanitation process flow.  Details of the cleaning and sanitation flow process 

are provided in Figure 3.2 and Appendix B.  Briefly, after initial sample collection, deli scales 

were removed to a dry area outside the deep cleaning zone.  Scales were cleaned and sanitized 

out-of-place by a designated team member and reinstalled after the comprehensive application of 

sanitizer to deli department to protect sensitive electronics from potential water damage.  The deli 

case and cold storage room were the highest priority surfaces and received extra focused labor 

early in the deep clean to allow the units sufficient time to return to refrigeration temperature 

[10].  Deli cases were cleaned down to the coils (this is critical in deli case models where food 

particle debris falls through grates below and behind the coils). Fan motors inside the deli cases 

were removed if possible or were protected by plastic bags to prevent water damage.   

Once the deli case and CSR were cleaned and sanitized, focus shifted to the customer 

service areas and rear preparation areas of the deli. Surfaces were cleaned top to bottom, back to 

front; walls were scrubbed from the ceiling down before FCS (e.g. countertops). Drains were 

cleaned by a designated crewmember with designated gloves, brushes, and chlorinated cleaner 

bucket. After all utensils and small FCS equipment had been washed, rinsed, and sanitized in the 

three-compartment sink, the sink interior and exterior were cleaned a second time.  All deli floors 

were cleaned concurrently with chlorinated cleaner agitated by deck-brushes and rinsed with 

foam squeegees to control water flow.  Sanitizer was applied to all deli surfaces (including FCS 

and other areas) which had previously been cleaned and sanitized individually.  Post-deep clean 
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surface samples were collected post-application of sanitizer prior to full reassembly of the deli 

(e.g., before CSR racks and scales were replaced to operational areas).   

 

3.3.5 Detection and isolation of L. monocytogenes and Listeria spp.   

FCS, NFCS, and TP (n=28; Table 3.1-3.9) selected to represent potential harborage areas 

for L. monocytogenes and other Listeria spp. were sampled immediately before execution of 

SSOP and after final application of sanitizer, as well as monthly for three months post-deep clean 

as previously described (Chapter 2, [9]). In brief, environmental samples were collected using 

pre-moistened sponge sampling kits (3M Food Safety, St. Paul, MN), which were stored on ice 

and shipped overnight to the processing lab.  We used a modified FDA Bacteriological Analysis 

Manual procedure for isolation of Listeria spp. and L. monocytogenes. Ninety (90) ml of Buffered 

Listeria Enrichment Broth (BLEB; Difco, Becton Dickinson, Sparks, MD) was added to each bag 

with the sample sponge, followed by homogenization in a Stomacher 400 Circulator at 230rpm 

for 60 seconds. After 4 h of incubation at 30°C, 360 µl of Listeria Selective Enrichment 

Supplement (LSES; stock solution contains 9 mg/ml nalidixic Acid, 2.25 mg/ml acriflavine; 

11.25 mg/ml cycloheximide) was added to each enrichment. After incubation at 30°C for 24 and 

48 h, enrichments were streaked to Modified Oxford (MOX; DIFCO, Becton Dickinson) and 

Listeria monocytogenes Plating Medium (LMPM; R&F Laboratories, Downers Grove, IL)); 

MOX and LMPM were incubated at 30°C and 35°C, respectively, for 48 h.  Up to four L. 

monocytogenes and two Listeria spp. colonies were sub-streaked for isolation on LMPM and then 

cultured overnight in 5 ml Brain Heart Infusion broth before freezing at -80°C in 15% glycerol.  

 

3.3.6 Verification of clean surfaces   

The AccuPoint2 ATP Sanitation Monitoring System (Neogen Corp., Lansing, MI), a 

rapid test for adenosine triphosphate, was used as an indicator of organic soils on surfaces 

throughout the deep clean. In progress ATP swabs were collected from 65 FCS, NFCS, and TP 

sites, including the 28 sites sponge sampled for environmental L. monocytogenes and additional 

hard to clean areas, which could provide niches for bacterial growth (Table 3.12). Surfaces with 

relative light units (RLU) above previously determined thresholds of acceptability were re-

cleaned until passing values were obtained, specifically <150 RLU on FCS or TP and <300 RLU 

on NFCS (Chapter 2).  
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3.3.7 Statistical analyses 

Selecting appropriate statistical methods to assess the sampling data was challenging for 

several reasons.  Study conditions regularly violated assumptions of many common statistical 

tests (paired t-tests, ANOVA, etc.). Sites within delis were highly correlated likely due to close 

physical proximity and the transmission dynamics of a living organism through the active deli 

environment amongst workers, food products, and equipment. Additionally, sampling results 

were dependent upon deli sampled, where there was a greater likelihood of detecting L. 

monocytogenes on samples from a deli with a history of high prevalence (i.e. deli 2) than a deli 

with previously low prevalence (i.e. deli 5). Such high correlations and deli-dependent responses 

violate the assumption of independence required for a Chi-squared test.  Additionally, sampling 

the same delis and sites for sequential months introduced a repeated subject measurement. 

Sample responses are basic binomial data for the presence/absence of L. monocytogenes and 

Listeria species non-monocytogenes on each site tested within each deli on a particular date. 

Repeated-measures binomial data cannot be assessed using independent sample t-test or paired t-

tests. However, sampling data is commonly reported as counts (e.g. the number of times each 

organism was detected) or prevalence (e.g. the proportion of samples which were L. 

monocytogenes positive) per deli, site, sample date, or phase.  

Additionally, our purpose was to understand the impact of the deep clean SSOP on 

individual delis. To do this within previously discussed design limitations, we elected to use a 

McNemar test to determine if the frequency of high prevalence delis (>10% sites with detectable 

L. monocytogenes) was impacted by execution of the SSOP. Delis were classified at four points 

and compared in pairs for immediate efficacy and long-term impact. Immediate efficacy 

determined by comparing frequency between immediate before deep clean samples and 

immediate after deep clean samples. Long term impacts were assessed by comparing frequency of 

high prevalence delis between previous longitudinal operational samples and post-deep clean 

operational samples.  However, we lacked power to detect significant differences in frequency of 

high prevalence delis based on changes observed from this study (power = 51%). In the future 

power may be increased by using a large sample size. For this study, results will be 

communicated via descriptive statistics, including sample size for prevalence data.  

 

3.4 Results and Discussion 

In this study, we developed and tested a deep clean SSOP aimed to reduce or mitigate L. 

monocytogenes contamination in retail delis.  Our data indicate that the deep clean (i) did not 
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increase L. monocytogenes prevalence in delis with historically low prevalence, (ii) had variable 

efficacy in delis with historically high L. monocytogenes prevalence and evidence of persistent 

contamination, (iii) non-food contact surfaces remain the most prevalent and challenging surfaces 

to remediate, and (iv) ATP testing is a useful tool to verify cleaning in-process and also helps 

support personnel moral.  Below we discuss our findings as well as our limitations, challenges, 

and future directions.   

 

3.4.1 No measurable change in low prevalence delis 

We selected 5 delis (delis 5, 12, 13, 17, and 22; Table 3.1-3.5) with historically low 

environmental L. monocytogenes contamination (<5% prevalence) to test the deep clean SSOP. 

Delis with low prevalence were selected to determine if major disruption of the deli would expose 

L. monocytogenes niches.  Experiences in manufacturing facilities indicate that movement of 

equipment, construction, and other major disruption in the environment can expose niches 

harboring L. monocytogenes and other foodborne pathogens. Detection of increased L. 

monocytogenes positives after SSOP execution in these delis would indicate the SSOP execution 

increased risk of contamination in previously well-controlled environments.  

Detection of L. monocytogenes and other Listeria spp. from all environmental samples 

collected by our group, including those from previous work, are shown for each low prevalence 

deli (Table 3.1-3.5).  Immediate efficacy of the deep clean SSOP was assessed by comparing 

detection of L. monocytogenes in samples collected before cleaning to those after sanitation. No 

statistically significant changes were observed amongst individual delis. Delis 5 and 22 (Tables 

3.1 and 3.2, respectively) had no detectable L. monocytogenes or Listeria spp. before or after the 

deep clean. Decreases in positive samples were observed in delis 12 and 13 (Tables 3.3 and 3.4, 

respectively).  In deli 12, 3/25 samples were positive for Listeria spp. and in deli 13, 1/26 samples 

were positive for L. monocytogenes and 1/26 samples were positive for Listeria spp. Both were  

reduced to no detectable Listeria after deep clean.   In deli 17, Listeria spp. decreased from 7/25 

to 2/26 sites, yet L. monocytogenes prevalence increased from 0/25 sites tested to 1/26 (trashcan; 

Table 3.5) before and after deep cleaning, respectively.  Detection of L. monocytogenes on the 

trashcan exterior after the deep clean but not before could indicate the SSOP exposed a harborage 

point. Alternatively, as exact sample collection points were not marked to prevent target cleaning 

during the deep clean, a different trashcan may have been sampled after the deep clean which 

may have had L. monocytogenes present before the cleaning as well. 
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Long-term effects of the deep clean SSOP were assessed through monthly operational 

environmental sample collection for 3 months post-deep clean. No Listeria was detected in delis 

13 or 22 longitudinally post deep clean (Tables 3.4 and 3.2, respectively). Sporadic L. 

monocytogenes and Listeria spp. were detected on FCS and NFCS among delis 5, 12, and 17 

(Tables3.1, 3.3, and 3.5, respectively). However, these sporadic positives are not uncharacteristic 

for retail delis, as described previously, where the open environment may allow regular 

introduction of contamination during operational hours when samples were collected [7-9].  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
 

Table 3.1. Historically low prevalence Deli 5. Listeria monocytogenes (LM) and Listeria species non-monocytogenes (L. spp) detected by site and 
date. 
 

 
Preoperationala Operationalb Deep Cleanc 

  Apr May Jun Jul Aug Sep Oct Nov Dec Befored Aftere Nov  Dec Jan 
Food Contact 
Surfaces                             
Slicer Blade NSf NS NS NEGg NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Delicase NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Case by Raw Meat NS NS NS NS NS NS NS NS NS NS NS NS NS NS 
Delicase tray NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
3-Basin Interior NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG LM 
1-Basin Interior NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Cold Storage Rm 
Racks 

NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG 
NEG NEG NEG 

Cutting Board NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Re-wrap table NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Counter NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Transfer Point                             
Slicer Knob NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Delicase handle NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Scale NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Non-Food Contact                             
3-Basin Exterior NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
3-Basin FTW NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG LM NEG 
1-Basin-Exterior NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
1-Basin FTW NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Drain, deli area NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Floor Adj Deli Drain NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 58 

 

 



 
 

Floor Deli Area NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Cold Storage Rm 
Floor 

NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG 
NEG NEG NEG 

Cold Storage Rm 
Wall 

NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
NEG NEG NEG 

Cold Storage Rm 
Drain 

NS NS NS NS NS NS NS NS NS NS NS 
NEG NEG 

NEG 

Standing water NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Squeegee NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Wheeled carts NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Hoses NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Trash Can Deli Area NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Total LM Positive 0 0 0 0 0 0 0 0 0 0 0 0 1 1 
Total Lspp Positive 0 0 0 0 0 0 0 0 0 0 0 1 2 3 

a samples collected post-sanitation and pre-operation (Simmons et al., 2014); 
b samples collected during customer service hours (Simmons et al., 2014); 
c samples collected as part of deep clean investigation (this study); 
d samples collected after inventory removal and before implementation of SSOP; 
e samples collected after application of sanitizer at conclusion of SSOP and before restocking of deli; 
f NS = site not sampled; 
g NEG = no L. monocytogenes or Listeria spp. Detected; 
h LM = L. monocytogenes detected; 
i L. pp = Listeria spp. detected. 
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Table 3.2. Historically low prevalence Deli 22. Listeria monocytogenes (LM) and Listeria species non-monocytogenes (L. spp) detected by site 
and date. *Store was not sampled during Phase 1 
 
 

  Operationalb Deep Cleanc 

 
Jul Aug Sep Oct Nov Dec Befored Aftere Nov  Dec Jan 

Food Contact Surfaces                       
Slicer Blade NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Delicase LM NEG LM NEG NEG NEG NEG NEG NEG NEG NEG 
Case by Raw Meat NS NS NS NS NS NS NS NS NS NS NS 
Delicase tray LM NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
3-Basin Interior NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
1-Basin Interior LM NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Cold Storage Rm Racks NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Cutting Board LM NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Re-wrap table NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Counter LM NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Transfer Point                       
Slicer Knob LM NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Delicase handle LM NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Scale LM NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Non-Food Contact                       
3-Basin Exterior LM NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
3-Basin FTW NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
1-Basin-Exterior NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
1-Basin FTW NS NS NS NS NS NS NEG NEG NS NS NEG 
Drain, deli area NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 60 

 

 



 
 

Floor Adj Deli Drain LM NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Floor Deli Area LM NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Cold Storage Rm Floor NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Cold Storage Rm Wall Lsppi NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Cold Storage Rm Drain LM NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Standing water Lspp NS NS NS NS NS NS NEG NS NS NEG 
Squeegee NS NS NS NEG NEG NEG NEG NEG NS NS NEG 
Wheeled carts NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Hoses NS NS NS NS NS NS NS NS NS NS NEG 
Trash Can Deli Area LM NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Total LM Positive 13 0 1 0 0 0 0 0 0 0 0 
Total Lspp Positive 3 0 0 0 0 0 0 0 0 0 0 

a samples collected post-sanitation and pre-operation (Simmons et al., 2014); 
b samples collected during customer service hours (Simmons et al., 2014); 
c samples collected as part of deep clean investigation (this study); 
d samples collected after inventory removal and before implementation of SSOP; 
e samples collected after application of sanitizer at conclusion of SSOP and before restocking of deli; 
f NS = site not sampled; 
g NEG = no L. monocytogenes or Listeria spp. Detected; 
h LM = L. monocytogenes detected; 
i L. spp = Listeria spp. detected. 
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Table 3.3. Historically low prevalence Store 12. Listeria monocytogenes (LM) and Listeria species non-monocytogenes (L. spp) detected by site 
and date. 

 
  Preoperationala Operationalb Deep Cleanc 
  Apr May Jun Jul Aug Sep Oct Nov Dec Befored Aftere Nov  Dec Jan 
Food Contact Surfaces                             
Slicer Blade NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Delicase NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Case by Raw Meat NS NS NS NS NEG NS NS NS NS NS NS NS NS NS 
Delicase tray NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
3-Basin Interior NS NS NS NEG NEG NEG NEG LM NEG NEG NEG NEG NEG NEG 
1-Basin Interior NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Cold Storage Rm 
Racks 

NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG 
NEG NEG NEG 

Cutting Board NS NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Re-wrap table NS NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Counter NS NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Transfer Point                             
Slicer Knob NS NS NS NEG NEG NEG Lspp LM NEG NEG NEG NEG NEG NEG 
Delicase handle NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Scale NS NS NS NEG NEG NEG NEG LM NEG NEG NEG NEG NEG NEG 
Non-Food Contact                             
3-Basin Exterior NS NS NS NEG NEG NEG NEG Lspp NEG NEG NEG NEG NEG NEG 
3-Basin FTW NEG NEG NEG NEG NS NEG Lspp LM NEG NEG NEG NEG NEG NEG 
1-Basin-Exterior NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
1-Basin FTW NS NS NS NS NS NS NS NS NS NEG NEG NS NS NEG 
Drain, deli area NS NS NS NEG NEG NEG Lspp NEG Lspp NEG NEG NEG NEG NEG 
Floor Adj Deli Drain NEG NEG NEG NEG NEG NEG Lspp NEG NEG Lspp NEG NEG NEG NEG 
Floor Deli Area NS NS NS NEG NEG NEG NEG Lspp NEG NEG NEG Lspp NEG NEG 62 

 

 



 
 

Cold Storage Rm Floor NS NS NS NEG NEG NEG NEG LM NEG Lspp NEG NEG Lspp NEG 
Cold Storage Rm Wall NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Cold Storage Rm 
Drain 

NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG 
NEG NEG 

NEG 

Standing water NS NS NS NS NS NS NS NS NS NS NEG NS NS NEG 
Squeegee NS NS NS NS NS NS NS NS NS Lspp NEG NS NS NEG 
Wheeled carts NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Hoses NS NS NS NS NS NS NS NS NS NS NS NS NS NEG 
Trash Can Deli Area NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Total LM Positive 0 0 0 0 0 0 0 5 0 0 0 0 0 0 
Total Lspp Positive 0 0 0 0 0 0 3 7 2 3 0 1 1 0 

a samples collected post-sanitation and pre-operation (Simmons et al., 2014); 
b samples collected during customer service hours (Simmons et al., 2014); 
c samples collected as part of deep clean investigation (this study); 
d samples collected after inventory removal and before implementation of SSOP; 
e samples collected after application of sanitizer at conclusion of SSOP and before restocking of deli; 
f NS = site not sampled; 
g NEG = no L. monocytogenes or Listeria spp. Detected; 
h LM = L. monocytogenes detected; 
i L. spp = Listeria spp. detected. 
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Table 3.4. Historically low prevalence Store 13. Listeria monocytogenes (LM) and Listeria species non-monocytogenes (L. spp) detected by site 
and date. 

 
  Preoperationala Operationalb Deep Cleanc 
  Apr May Jun Jul Aug Sep Oct Nov Dec Befored Aftere Nov  Dec Jan 
Food Contact Surfaces                             
Slicer Blade NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Delicase NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Case by Raw Meat NS NS NS NS NS NS NS NS NS NS NS NS NS NS 
Delicase tray NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
3-Basin Interior NS NS NS NEG NEG NEG NEG LM NEG NEG NEG NEG NEG NEG 
1-Basin Interior NS NS NS NEG NEG LM NEG NEG NEG NEG NEG NEG NEG NEG 
Cold Storage Rm 
Racks 

NS NS NS NEG NEG NEG NEG LM NEG LM NEG 
NEG NEG NEG 

Cutting Board NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Re-wrap table NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Counter NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Transfer Point                             
Slicer Knob NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Delicase handle NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Scale NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Non-Food Contact                             
3-Basin Exterior NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
3-Basin FTW NEG NEG NEG NEG NEG NEG NEG NEG LM NEG NEG NEG NEG NEG 
1-Basin-Exterior NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
1-Basin FTW NS NS NS NEG NEG NEG LM LM LM NEG NEG NEG NEG NEG 
Drain, deli area NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Floor Adj Deli Drain LM NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Floor Deli Area NS NS NS NEG NEG NEG NEG NEG NEG LsppI NEG NEG NEG NEG 64 

 

 



 
 

Cold Storage Rm Floor NS NS NS NEG NEG NEG LM NEG NEG NEG NEG NEG NEG NEG 
Cold Storage Rm Wall NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Cold Storage Rm Drain NS NS NS NS NS NS NS NS NS NEG NEG NS NEG NEG 
Standing water NS NS NS NEG NEG NEG NEG NEG NEG NS NEG NS NEG NEG 
Squeegee NS NS NS NEG NEG NEG NEG NEG NEG NS NS NEG NEG NEG 
Wheeled carts NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Hoses NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Trash Can Deli Area NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Total LM Positive 1 0 0 0 0 1 2 3 2 1 0 0 0 0 
Total Lspp Positive 0 0 0 0 0 0 0 0 0 1 0 0 0 0 

a samples collected post-sanitation and pre-operation (Simmons et al., 2014); 
b samples collected during customer service hours (Simmons et al., 2014); 
c samples collected as part of deep clean investigation (this study); 
d samples collected after inventory removal and before implementation of SSOP; 
e samples collected after application of sanitizer at conclusion of SSOP and before restocking of deli; 
f NS = site not sampled; 
g NEG = no L. monocytogenes or Listeria spp. Detected; 
h LM = L. monocytogenes detected; 
i L. pp = Listeria spp. detected. 
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Table 3.5. Historically low prevalence Store 17. Listeria monocytogenes (LM) and Listeria species non-monocytogenes (L. spp) detected by site 
and date. 

 
  Operationalb Deep Cleanc 

 
Jul Aug Sep Oct Nov Dec Befored Aftere Nov  Dec Jan 

Food Contact Surfaces                       
Slicer Blade NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Delicase NEG NEG NEG NEG NS NEG NEG NEG NEG NEG NEG 
Case by Raw Meat NS NS NS NS NEG NS NS NS NS NS NS 
Delicase tray NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
3-Basin Interior NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
1-Basin Interior NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Cold Storage Rm 
Racks 

NEG NEG NEG NEG NEG NEG NEG NEG 
NEG NEG NEG 

Cutting Board NEG NEG NEG LM NEG NEG NEG NEG NEG NEG NEG 
Re-wrap table NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Counter NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Transfer Point                       
Slicer Knob NEG NEG NEG NEG NEG NEG Lspp NEG NEG NEG NEG 
Delicase handle NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Scale NEG NEG NEG LM NEG NEG NEG NEG NEG NEG NEG 
Non-Food Contact                       
3-Basin Exterior NEG NEG NEG LM NEG NEG Lspp NEG NEG NEG NEG 
3-Basin FTW NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
1-Basin-Exterior NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
1-Basin FTW NS NS NS NS NS NS Lspp NEG NS NS NEG 
Drain, deli area NEG NEG NEG NEG NEG NEG Lspp NEG NEG LM NEG 
Floor Adj Deli Drain NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Floor Deli Area NEG NEG NEG NEG NEG NEG Lspp NEG NEG NEG NEG 66 

 

 



 
 

Cold Storage Rm 
Floor 

NEG NEG NEG NEG NEG NEG Lspp NEG 
LM NEG NEG 

Cold Storage Rm Wall NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Cold Storage Rm 
Drain 

NEG NEG NEG LM NEG NEG NEG NEG 
NEG NEG 

NEG 

Standing water LsppI NS NS NS NS NS NS Lspp NS NS NEG 
Squeegee NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Wheeled carts NEG NEG NEG LM NEG NEG Lspp Lspp LM NEG NEG 
Hoses NS NS NEG NS NS NS NS NS NS NS NEG 
Trash Can Deli Area NEG NEG NEG NEG NEG NEG NEG LM NEG NEG NEG 
Total LM Positive 0 0 0 5 0 0 0 1 2 1 0 
Total Lspp Positive 1 0 0 5 0 0 7 2 0 0 0 

a samples collected post-sanitation and pre-operation (Simmons et al., 2014); 
b samples collected during customer service hours (Simmons et al., 2014); 
c samples collected as part of deep clean investigation (this study); 
d samples collected after inventory removal and before implementation of SSOP; 
e samples collected after application of sanitizer at conclusion of SSOP and before restocking of deli; 
f NS = site not sampled; 
g NEG = no L. monocytogenes or Listeria spp. Detected; 
h LM = L. monocytogenes detected; 
i L. pp = Listeria spp. detected. 
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3.4.2 Varying immediate efficacy of SSOP in high prevalence delis 

The deep clean SSOP had varying immediate efficacy in delis (n=4) with historically 

high L. monocytogenes prevalence (detected on >10% of environmental surfaces before deep 

clean (Tables 3.6-3.9). L. monocytogenes prevalence was reduced by more than 50% in deli 8 

(4/26 sites before; 2/27 sites after; Table 3.6) and 75% in deli 23 (12/28 sites before; 3/28 sites 

after; Table 3.7). In addition, deli 23 Listeria spp. prevalence was reduced from 3/28 FCS 

positive sites before to 0/28 sites after deep clean.  

No change was observed before and after deep clean in deli 28; 4/28 and 8/28 sites were 

positive for L. monocytogenes or Listeria spp, respectively, (Table 3.8). Sample results from deli 

2 were less promising. No L. monocytogenes was detected before the deep clean on 26 sites tested 

(Table 3.9), although 5 NFCS were positive for Listeria spp. After deep cleaning, Listeria spp. 

prevalence decreased to only 1/27, but L. monocytogenes was detected on 4/27 sites, including 1 

FCS (deli case) and 1 TP (deli case handle). Increased prevalence of L. monocytogenes after 

sanitation could indicate the deep clean SSOP exposed and disrupted harborage areas but failed to 

inactivate or eradicate the pathogen from the environment. We believe a potential source of 

contamination for the deli case interior and deli case handle may have been the cold storage 

room. The three-basin sink in deli 2 was heavily soiled and required longer to clean than in 

previous delis. However, the deli cold storage room was small, had a free flowing, well-sloped 

floor drain, and two long hoses available in the deli which were used to wash equipment while the 

three-basin sink was remediated. To efficiently use the allotted shut-down period, the large deli 

case interior panels (approximately 24 in x 36 in; 60 cm x 90 cm) and deli case doors 

(approximately 18 in x 24 in; 46 cm x 60 cm) were washed and rinsed on racks inside the cold 

storage room (as opposed to the sink) by team 1 while the deli case coils were cleaned by team 2. 

After the deli case coils were cleaned and sanitized, each deli case panel and door piece was held 

by a crew member, sprayed with sanitizer, then carried to, installed, and allowed to air-dry after 

being subjected to a final sanitizer application after deli case assembly. It is possible that during 

the washing process, L. monocytogenes from the cold storage room surfaces was transferred to 

the deli case pieces. While no L. monocytogenes was detected and isolated from the cold storage 

room immediately before deep clean, L. monocytogenes had been isolated from the cold room 

historically (Table 3.8; operational data).  To demonstration this relationship, isolates would need 

to be DNA-fingerprinted by Pulsed Field Gel Electrophoresis (PFGE).     

The impact of the deep clean SSOP on L. monocytogenes and Listeria spp. prevalence in 

high prevalence delis, irrespective of an overall increase (delis 2 and 28) or decrease (deli 8 and 
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23) in overall prevalence after deep cleaning,  was not sustained beyond one month post-deep 

clean based on operational sampling (Tables 3.6-3.9). As in delis with historically low 

prevalence, L. monocytogenes and Listeria species non-monocytogenes contamination returned to 

previously observed patterns from longitudinal operational sample collection in each deli [9]. 

Each site with evidence of persistence post-deep clean also had evidence of persistence in 

previous operational sampling in delis with >10% L. monocytogenes prevalence (Tables 3.6-3.9). 

For example, in deli 23 (Table 3.7), L. monocytogenes was detected on 12/28 sites before the 

deep clean, 3/18 sites after the deep clean, and on 10/28 sites one month post-deep clean. The 

single-basin sink interior, slicer knob, and numerous NFCS have some evidence for persistent 

contamination based on repeated L. monocytogenes and Listeria spp. detection 2 of 3 months 

post-deep clean.  

 

 

 

 

 

 



 
 

Table 3.6. Historically high prevalence Store 8. Listeria monocytogenes (LM) and Listeria species non-monocytogenes (L. spp) 
detected by site and date. 

 
  Preoperationala Operationalb Deep Cleanc 
  Apr May Jun Jul Aug Sep Oct Nov Dec Befored Aftere Nov  Dec Jan 
Food Contact 
Surfaces                             
Slicer Blade NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Delicase NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Case by Raw Meat NS NS NS NS NS NS NS NS NS NS NS NS NS NS 
Delicase tray NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
3-Basin Interior NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
1-Basin Interior NS NS NS NEG Lspp NEG LM LM NEG LM LM LM LM NEG 
Cold Storage Rm 
Racks 

NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG 
NEG NEG NEG 

Cutting Board NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Re-wrap table NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Counter NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Transfer Point                             
Slicer Knob NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Delicase handle NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Scale NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Non-Food Contact                             
3-Basin Exterior NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
3-Basin FTW LM NEG NEG NEG NEG NEG NEG NEG NEG LM NEG NEG NEG NEG 
1-Basin-Exterior NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
1-Basin FTW NS NS NS LM LM LM NEG LM NEG LM LM LM LM LM 
Drain, deli area NS NS NS NEG LM NEG NEG NEG NEG NEG NEG NEG LM NEG 
Floor Adj Deli Drain LM NEG NEG NEG LM NEG NEG NEG NEG NEG NEG LM NEG Lspp 70 

 

 



 
 

Floor Deli Area NS NS NS LM NEG NEG NEG NEG NEG NEG NEG NEG NEG LM 
Cold Storage Rm 
Floor 

NS NS NS LM NEG NEG NEG NEG NEG NEG NEG 
NEG NEG NEG 

Cold Storage Rm 
Wall 

NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
NEG NEG NEG 

Cold Storage Rm 
Drain 

NS NS NS NS NS NS NS NS NS LM NEG NS 
NEG 

NEG 

Standing water NS NS NS LM LM NEG NEG NEG NEG NS NEG NEG NEG NEG 
Squeegee NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG LM LM NEG 
Wheeled carts NEG NEG NEG LM NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Hoses NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Trash Can Deli Area NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Total LM Positive 2 0 0 5 4 1 1 2 0 4 2 4 4 2 
Total Lspp Positive 0 0 0 0 1 0 0 0 0 0 0 0 0 1 

a samples collected post-sanitation and pre-operation (Simmons et al., 2014); 
b samples collected during customer service hours (Simmons et al., 2014); 
c samples collected as part of deep clean investigation (this study); 
d samples collected after inventory removal and before implementation of SSOP; 
e samples collected after application of sanitizer at conclusion of SSOP and before restocking of deli; 
f NS = site not sampled; 
g NEG = no L. monocytogenes or Listeria spp. Detected; 
h LM = L. monocytogenes detected; 
i L. spp = Listeria spp. detected. 
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Table 3.7. Historically high prevalence Store 23. Listeria monocytogenes (LM) and Listeria species non-monocytogenes (L. spp) 
detected by site and date. *Store was not sampled during Phase 1. 

 
  Operationalb Deep Cleanc 

 
Jul Aug Sep Oct Nov Dec Befored Aftere Nov  Dec Jan 

Food Contact Surfaces                       
Slicer Blade NEG NEG NEG NEG NEG NEG Lspp NEG NEG NEG NEG 
Delicase NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Case by Raw Meat NEG LM NEG NEG NEG NEG NEG NEG NEG NEG NS 
Delicase tray NEG NEG NEG NEG NEG NEG NEG NEG Lspp NEG NEG 
3-Basin Interior NEG NEG NEG NEG Lspp NEG NEG NEG NEG NEG NEG 
1-Basin Interior LM LM LM LM NEG LM Lspp NEG LM LM NEG 
Cold Storage Rm 
Racks 

NEG NEG NEG NEG NEG NEG NEG NEG 
NEG NEG NEG 

Cutting Board NEG LM NEG NEG NEG NS NEG NEG NEG NEG NS 
Re-wrap table NEG NEG NEG NEG NEG NEG LM NEG NEG NEG NEG 
Counter NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Transfer Point                       
Slicer Knob NEG NEG NEG NEG NEG NEG Lspp NEG Lspp Lspp NEG 
Delicase handle NEG LM NEG NEG NEG NEG LM NEG NEG NEG NEG 
Scale NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Non-Food Contact                       
3-Basin Exterior NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
3-Basin FTW LM LM NEG NEG NEG LM LM NEG LM LM LM 
1-Basin-Exterior NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
1-Basin FTW LM LM NEG LM NEG LM LM NEG LM LM NEG 
Drain, deli area LM LM LM LM NEG LM NEG NEG LM NEG LM 
Floor Adj Deli Drain LM LM LM LM LM LM LM LM LM LM LM 
Floor Deli Area LM LM NEG NEG NEG LM LM NEG LM LM LM 72 

 

 



 
 

Cold Storage Rm Floor LM Lspp LM NEG NEG LM LM NEG LM LM LM 
Cold Storage Rm Wall NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG LM 
Cold Storage Rm Drain LM LM LM LM LM LM LM NEG LM LM LM 
Standing water LM NS LM NS LM NEG LM LM NEG LM LM 
Squeegee LM LM LM LM LM LM LM NEG LM LM NEG 
Wheeled carts NEG NEG LM NEG NEG NEG LM LM NEG NEG LM 
Hoses NEG NEG NEG NEG NEG NEG NEG NEG LM NEG NEG 
Trash Can Deli Area NEG LM NEG NEG NEG LM LM NEG NEG NEG LM 
Total LM Positive 10 12 8 6 4 10 12 3 10 9 10 
Total Lspp Positive 4 2 2 2 2 4 3 0 2 1 0 

a samples collected post-sanitation and pre-operation (Simmons et al., 2014); 
b samples collected during customer service hours (Simmons et al., 2014); 
c samples collected as part of deep clean investigation (this study); 
d samples collected after inventory removal and before implementation of SSOP; 
e samples collected after application of sanitizer at conclusion of SSOP and before restocking of deli; 
f NS = site not sampled; 
g NEG = no L. monocytogenes or Listeria spp. Detected; 
h LM = L. monocytogenes detected; 
i L. spp = Listeria spp. detected. 
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Table 3.8. Historically high prevalence Store 28. Listeria monocytogenes (LM) and Listeria species non-monocytogenes (L. spp) 
detected by site and date. *Store was not sampled during Phase 1. 

 
  Operationalb Deep Cleanc 

 
Jul Aug Sep Oct Nov Dec Befored Aftere Nov  Dec Jan 

Food Contact Surfaces                       
Slicer Blade NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Delicase NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Case by Raw Meat NS NS NEG NS NS NS NS NS NS NS NS 
Delicase tray NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
3-Basin Interior NEG NEG NEG NS NEG LM NEG NEG NEG LM NEG 
1-Basin Interior NEG NEG NEG NEG NEG NEG NEG Lspp LM NEG LM 
Cold Storage Rm Racks NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Cutting Board NEG NEG NEG NEG NEG NS NEG NEG NEG NEG NEG 
Re-wrap table NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Counter NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Transfer Point                       
Slicer Knob NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Delicase handle NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Scale NEG NEG NEG LM NEG NEG NEG NEG NEG NEG NEG 
Non-Food Contact                       
3-Basin Exterior NEG NEG NEG NEG NEG NEG NEG Lspp NEG NEG NEG 
3-Basin FTW LM LM LM LM NEG NEG Lspp Lspp NEG NEG NEG 
1-Basin-Exterior NEG NEG NEG Lspp Lspp NEG NEG NEG NEG NEG NEG 
1-Basin FTW LM LM LM LM LM LM Lspp Lspp Lspp Lspp LM 
Drain, deli area LM LM LM LM LM LM Lspp NEG LM NEG NEG 
Floor Adj Deli Drain LM LM LM LM LM LM LM Lspp LM NEG NEG 
Floor Deli Area LM LM LM NEG LM LM Lspp LM NEG NEG NEG 
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Cold Storage Rm Floor LM LM LM LM LM LM LM LM Lspp Lspp NEG 
Cold Storage Rm Wall NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Cold Storage Rm Drain LM LM LM LM LM LM LM LM LM Lspp NEG 
Standing water LM NS NS LM LM NEG LM LM Lspp LM Lspp 
Squeegee LM LM LM LM LM LM NEG Lspp NEG LM LM 
Wheeled carts NEG LM LM NEG NEG LM Lspp NEG Lspp LM NEG 
Hoses NEG NEG NEG LM NEG NEG NEG NEG NEG NEG NEG 
Trash Can Deli Area NEG NEG NEG NEG Lspp LM NEG NEG NEG NEG NEG 
Total LM Positive 9 9 9 10 8 10 4 4 4 4 3 
Total Lspp Positive 0 0 4 5 8 2 8 8 4 3 1 

a samples collected post-sanitation and pre-operation (Simmons et al., 2014); 
b samples collected during customer service hours (Simmons et al., 2014); 
c samples collected as part of deep clean investigation (this study); 
d samples collected after inventory removal and before implementation of SSOP; 
e samples collected after application of sanitizer at conclusion of SSOP and before restocking of deli; 
f NS = site not sampled; 
g NEG = no L. monocytogenes or Listeria spp. Detected; 
h LM = L. monocytogenes detected; 
i L. spp = Listeria spp. detected. 
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Table 3.9. Historically high prevalence Store 2. Listeria monocytogenes (LM) and Listeria species non-monocytogenes (L. spp) detected by 
site and date. 

 
  Preoperationala Operationalb Deep Cleanc 
  Apr May Jun Jul Aug Sep Oct Nov Dec Befored Aftere Nov  Dec Jan 
Food Contact Surfaces                             
Slicer Blade NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Delicase NS NS NS NEG LM NEG NEG NEG NEG NEG LM NEG NEG NEG 
Case by Raw Meat NS NS NS NS NS NEG NS NEG NS NS NS NS NS NS 
Delicase tray NS NS NS NEG LM NEG NEG NEG NEG NEG NEG NEG NEG NEG 
3-Basin Interior NS NS NS NEG LM NEG NEG NEG LM NEG NEG NEG NEG NEG 
1-Basin Interior NS NS NS NEG LM NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Cold Storage Rm Racks NS NS NS NEG LM NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Cutting Board NS NS NS NEG NEG NS NEG NEG NEG NEG NEG NEG NS NS 
Re-wrap table NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Counter NS NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Transfer Point                             
Slicer Knob NS NS NS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Delicase handle NS NS NS LM LM NEG LM NEG NEG NEG LM NEG NEG NEG 
Scale NS NS NS NEG LM NEG NEG NEG NEG NEG NEG NEG NEG NEG 
Non-Food Contact                             
3-Basin Exterior NS NS NS NEG Lspp NEG NEG NEG NEG NEG NEG NEG NEG NEG 
3-Basin FTW LM LM Lspp Lspp Lspp LM NEG NEG NEG NEG NEG NEG NEG NEG 
1-Basin-Exterior NS NS NS NEG LM NEG LM NEG NEG NEG NEG NEG NEG NEG 
1-Basin FTW NS NS NS LM LM NEG NEG LM LM NEG NEG NEG NEG LM 
Drain, deli area NS NS NS NEG LM LM LM LM LM Lspp LM Lspp LM LM 
Floor Adj Deli Drain LM LM LM LM LM LM LM LM LM Lspp LM NEG LM LM 
Floor Deli Area NS NS NS Lspp NEG LM LM NEG LM Lspp NEG LM LM LM 76 

 

 



 
 

Cold Storage Rm Floor NS NS NS LM NEG NEG NEG LM LM NEG NEG NEG LM LM 
Cold Storage Rm Wall NEG NEG NEG NEG NEG NEG NEG NEG NEG Lspp NEG NEG Lspp NEG 
Cold Storage Rm Drain NS NS NS NEG LM Lspp Lspp NEG LM Lspp NEG NEG NEG Lspp 
Standing water NS NS NS NS NS NS LM NS LM NS NEG LM LM LM 
Squeegee NS NS NS LM NEG LM NEG NEG LM NEG NEG Lspp LM Lspp 
Wheeled carts NEG NEG NEG NEG LM LM NEG NEG NEG NEG NEG NEG LM LM 
Hoses NS NS NS NEG Lspp NEG NEG LM NEG NEG NEG NEG NEG NEG 
Trash Can Deli Area NEG NEG NEG NEG Lspp NEG Lspp NEG NEG NEG Lspp NEG NEG NEG 
Total LM Positive 2 2 1 5 13 6 6 5 9 0 4 2 7 7 
Total Lspp Positive 2 1 2 6 6 2 4 0 3 5 1 2 1 2 

a samples collected post-sanitation and pre-operation (Simmons et al., 2014); 
b samples collected during customer service hours (Simmons et al., 2014); 
c samples collected as part of deep clean investigation (this study); 
d samples collected after inventory removal and before implementation of SSOP; 
e samples collected after application of sanitizer at conclusion of SSOP and before restocking of deli; 
f NS = site not sampled; 
g NEG = no L. monocytogenes or Listeria spp. Detected; 
h LM = L. monocytogenes detected; 
i L. spp = Listeria spp. detected. 
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3.4.3 Non-food contact surfaces remain largest harborage areas 

Overall prevalence observed post-deep clean (71/628 sites, or 11.3%) exceeded L. 

monocytogenes prevalence observed in our in our previously reported work (426/4,503 sites or 

9.5%) due to the larger proportion of delis with high prevalence observed in this study (4/9 delis) 

compared to previous work (8/30 delis) [9]. The average prevalence post-deep cleaning in this 

study is comparable to a previous cross-sectional study where an average of 13.5% of samples 

were positive for L. monocytogenes among 241 delis [8].  

As previously observed, NFCS remain the largest harborage point for L. monocytogenes 

and Listeria spp. in retail deli environments [7-9].  Non-food contact surfaces (NFCS) had a 

higher prevalence of L. monocytogenes and Listeria spp. compared to food contact surfaces 

(FCS) and transfer points (TP) in each phase of this study. L. monocytogenes and Listeria spp. 

were lowest on NFCS pre-operation (after sanitation and prior to daily operations)" 8/75 (10.7%) 

and 5/75 (6.7%) were positive for L. monocytogenes and Listeria spp. among 9 delis (Table 3.10). 

L. monocytogenes prevalence on NFCS was greatest during operation 21.4% (155/723). The deep 

clean SSOP reduced L. monocytogenes prevalence on NFCS from 17/124 (13.7%) to 11/130 

(8.5%) and Listeria spp. from 23/124 (18.5%) before to 10/130 (7.7%; Table 3.10) after deep 

cleaning.  The deep clean SSOP reduced prevalence of L. monocytogenes on NFCS, but failed to 

eradicate the organism from the environment and prevalence quickly returned to previously 

observed levels in each deli (Tables 3.1-3.9) and on NFCS overall (Table 3.10). The observed 5-

11% reduction in L. monocytogenes prevalence on NFCS would be encouraging if maintained, 

however during post-deep clean operation sampling L. monocytogenes was detected on 63/315 

(20.0%) NFCS, a level nearly equal to operational sampling prevalence (155/723 or 21.4%; Table 

3.12). 

While the deep clean reduced prevalence on NFCS immediately post-deep cleaning, 

NFCS prevalence remained higher than prevalence on FCS irrespective of sampling time.  For 

example, a total of 27/489 (5.5%) FCS were positive for L. monocytogenes during operational 

sampling (Table 3.10).  High prevalence among NFCS increases the likelihood that FCS may 

become contaminated.  While Maitland et al. observed transmission patterns of an abiotic 

surrogate call GloGerm in a mock retail deli environment and concluded no transference occurred 

between a contaminated floor drain cover and FCS, they noted that the mock environment could 

not completely replicate the variety of situations observed at retail (Maitland 2013). Differences 

in wet surface transmission or splashing and previously observed worker habits (such as frequent 

failure of employees to wash hands or change gloves after picking items off the floor or using 
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hands to steady themselves on the floor when crouching to remove items from low storage 

shelves) would all impact NFCS-to-FCS transmission but were not included in the study by 

Maitland et al. With these potential transmission concerns and the persistence of high prevalence 

on NFCS, more research is needed to identify long-term control strategies for L. monocytogenes 

on NFCS in retail delis.  
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Table 3.10. Prevalence of L. monocytogenes by site across all sampling events. 

  % L. monocytogenes (positive / taken) 

  
Preoperational

a Operationalb Beforec Afterd 
Post Deep 

Cleane 
Sub-Total Food Contact 
Surfaces NSf 5.5 (27/489) 3.7 (3/82) 2.4 (2/82) 3.4 (8/235) 
Slicer Blade NS 0 (0/54) 0 (0/9) 0 (0/9) 0 (0/27) 
Delicase NS 5.7 (3/53) 0 (0/9) 11.1 (1/9) 0 (0/27) 
Case by Raw Meat NS 9.1 (1/11) 0 (0/1) 0 (0/1) 0 (0/3) 
Delicase tray NS 3.7 (2/54) 0 (0/9) 0 (0/9) 0 (0/26) 
3-Basin Interior NS 9.3 (5/54) 0 (0/9) 0 (0/9) 7.7 (2/26) 
1-Basin Interior NS 18.5 (10/54) 11.1 (1/9) 11.1 (1/9) 27.3 (6/22) 
Cold Storage Rm Racks NS 3.7 (2/54) 11.1 (1/9) 0 (0/9) 0 (0/27) 
Cutting Board NS 6 (3/50) 0 (0/9) 0 (0/9) 0 (0/23) 
Re-wrap table NS 0 (0/53) 11.1 (1/9) 0 (0/9) 0 (0/27) 
Counter NS 1.9 (1/52) 0 (0/9) 0 (0/9) 0 (0/27) 
Sub-Total Transfer Points NS 7.4 (12/162) 3.7 (1/27) 3.7 (1/27) 0 (0/78) 
Slicer Knob NS 3.7 (2/54) 0 (0/9) 0 (0/9) 0 (0/25) 
Delicase handle NS 9.3 (5/54) 11.1 (1/9) 11.1 (1/9) 0 (0/26) 
Scale NS 9.3 (5/54) 0 (0/9) 0 (0/9) 0 (0/27) 
Sub-Total Non-Food Contact 
Surfaces 10.7 (8/75) 

21.4 
(155/723) 

13.7 
(17/124) 

8.5 
(11/130) 20 (63/315) 

3-Basin Exterior NS 3.7 (2/54) 0 (0/9) 0 (0/9) 0 (0/27) 
3-Basin FTW 20 (3/15) 18.9 (10/53) 22.2 (2/9) 0 (0/9) 16.7 (4/24) 
1-Basin-Exterior NS 3.7 (2/54) 0 (0/9) 0 (0/9) 0 (0/27) 
1-Basin FTW NS 58.3 (21/36) 22.2 (2/9) 11.1 (1/9) 50 (6/12) 
Drain, deli area 

NS 
31.45 

(17/54) 0 (0/9) 11.1 (1/9) 38.1 (8/21) 
Floor Adj Deli Drain 33.3 (5/15) 37 (20/54) 22.2 (2/9) 22.2 (2/9) 31.8 (7/22) 
Floor Deli Area NS 24.1 (13/54) 11.1 (1/9) 11.1 (1/9) 31.8 (7/22) 
Cold Storage Rm Floor NS 27.8 (15/54) 22.2 (2/9) 11.1 (1/9) 30 (6/20) 
Cold Storage Rm Wall 0 (0/15) 0 (0/54) 0 (0/9) 0 (0/9) 3.8 (1/26) 
Cold Storage Rm Drain NS 44.4 (16/36) 37.5 (3/8) 12.5 (1/8) 19 (4/21) 
Standing water NS 33.3 (10/30) 66.7 (2/3) 22.2 (2/9) 50 (6/12) 
Squeegee NS 33.3 (15/45) 12.5 (1/8) 0 (0/8) 50 (7/14) 
Wheeled carts 0 (0/15) 14.8 (8/54) 11.1 (1/9) 11.1 (1/9) 21.7 (5/23) 
Hoses NS 5.4 (2/37) 0 (0/6) 0 (0/6) 11.8 (2/17) 
Trash Can Deli Area 0 (0/15) 7.4 (4/54) 11.1 (1/9) 11.1 (1/9) 0 (0/27) 
Total Overall 

10.7 (8/75) 
14.1 

(194/1374) 9 (21/233) 
5.9 

(14/239) 11.3 (71/628) 
asamples collected post-sanitation and pre-operation over 3 months (Simmons et al., 2014); 
b samples collected during customer service hours over 6 months (Simmons et al., 2014); 
c samples collected after inventory removal and before implementation of SSOP; 
d samples collected after application of sanitizer at conclusion of SSOP and before restocking of deli 
e samples collected during customer service hours monthly for 3 months post-deep clean 
implementation; 
fsite not sampled. 
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Table 3.11. Prevalence of Listeria spp. by site across all sampling phases. 
  % Listeria spp. (positive / taken) 
  Preoperationala Operationalb Beforec Afterd Post Deep Cleane 
Sub-Total Food Contact 
Surfaces NSf 0.2 (1/489) 2.4 (2/82) 1.2 (1/82) 0.4 (1/235) 
Slicer Blade NS 0 (0/54) 11.1 (1/9) 0 (0/9) 0 (0/27) 
Delicase NS 0 (0/53) 0 (0/9) 0 (0/9) 0 (0/27) 
Case by Raw Meat NS 0 (0/11) 0 (0/1) 0 (0/1) 0 (0/3) 
Delicase tray NS 0 (0/54) 0 (0/9) 0 (0/9) 3.8 (1/26) 
3-Basin Interior NS 1.9 (1/54) 0 (0/9) 0 (0/9) 0 (0/26) 
1-Basin Interior NS 0 (0/54) 11.1 (1/9) 11.1 (1/9) 0 (0/22) 
Cold Storage Rm Racks NS 0 (0/54) 0 (0/9) 0 (0/9) 0 (0/27) 
Cutting Board NS 0 (0/50) 0 (0/9) 0 (0/9) 0 (0/23) 
Re-wrap table NS 0 (0/53) 0 (0/9) 0 (0/9) 0 (0/27) 
Counter NS 0 (0/52) 0 (0/9) 0 (0/9) 0 (0/27) 
Sub-Total Transfer Points NS 0 (0/162) 7.4 (2/27) 0 (0/27) 2.6 (2/78) 
Slicer Knob NS 0 (0/54) 22.2 (2/9) 0 (0/9) 8 (2/25) 
Delicase handle NS 0 (0/54) 0 (0/9) 0 (0/9) 0 (0/26) 
Scale NS 0 (0/54) 0 (0/9) 0 (0/9) 0 (0/27) 
Sub-Total Non-Food 
Contact Surfaces 6.7 (5/75) 1.4 (10/723) 

18.5 
(23/124) 

7.7 
(10/130) 6.7 (21/315) 

3-Basin Exterior NS 0 (0/54) 11.1 (1/9) 11.1 (1/9) 0 (0/27) 
3-Basin FTW 13.3 (2/24) 3.8 (2/53) 11.1 (1/9) 11.1 (1/9) 0 (0/24) 
1-Basin-Exterior NS 0 (0/54) 0 (0/9) 0 (0/9) 0 (0/27) 
1-Basin FTW NS 8.3 (3/36) 22.2 (2/9) 11.1 (1/9) 25 (3/12) 
Drain, deli area NS 1.9 (1/54) 33.3 (3/9) 0 (0/9) 4.8 (1/21) 
Floor Adj Deli Drain 20 (3/22) 1.9 (1/54) 33.3 (3/9) 11.1 (1/9) 4.5 (1/22) 
Floor Deli Area NS 1.9 (1/54) 44.4 (4/9) 11.1 (1/9) 4.5 (1/22) 
Cold Storage Rm Floor NS 0 (0/54) 22.2 (2/9) 0 (0/9) 20 (4/20) 
Cold Storage Rm Wall 0 (0/26) 0 (0/54) 11.1 (1/9) 0 (0/9) 3.8 (1/26) 
Cold Storage Rm Drain NS 2.8 (1/36) 25 (2/8) 0 (0/8) 14.3 (3/21) 
Standing water NS 0 (0/30) 33.3 (1/3) 22.2 (2/9) 25 (3/12) 
Squeegee NS 2.2 (1/45) 12.5 (1/8) 12.5 (1/8) 21.4 (3/14) 
Wheeled carts 0 (0/23) 0 (0/54) 22.2 (2/9) 11.1 (1/9) 4.3 (1/23) 
Hoses NS 0 (0/37) 0 (0/6) 0 (0/6) 0 (0/17) 
Trash Can Deli Area 0 (0/27) 0 (0/54) 0 (0/9) 11.1 (1/9) 0 (0/27) 
Total Overall 

6.7 (5/75) 
0.8 

(11/1374) 
11.6 

(27/233) 
4.6 

(11/239) 3.8 (24/628) 
asamples collected post-sanitation and pre-operation over 3 months (Simmons et al., 2014); 
b samples collected during customer service hours over 6 months (Simmons et al., 2014); 
c samples collected after inventory removal and before implementation of SSOP; 
d samples collected after application of sanitizer at conclusion of SSOP and before restocking of deli; 
e samples collected during customer service hours monthly for 3 months post-deep clean implementation; 
fsite not sampled. 

 

 

 



82 
 

3.4.4 ATP as a verification and personnel motivation tool 

An average of 121 ATP swabs per deli (range 99-139; Table 3.13) was used to monitor 

cleaning efficacy during the deep clean.  The maximum may well have been higher, if more 

swabs had been available in deli 28, where demand exceeded supply. The wide range of swabs 

needed was largely due to the varying level of soils in each deli–low prevalence delis had less soil 

buildup than high prevalence delis—as well as major differences in deli size, layout, and 

equipment. The slicer was a key variance point among delis. Of the 65 ATP test sites (Table 3.12) 

five were designated slicer test areas, each of which may have been used multiple times per slicer 

as such, number of slicers present had a large impact on the number of swabs used per deli. Deli 2 

had only three slicers present in the deli and 99 ATP swabs were used; whereas, deli 17 had nine 

slicers and used 134 ATP swabs. Deli 28 was one of the most heavily soiled delis—as evidenced 

by 34.6% operational L. monocytogenes prevalence (Table 3.8)—and required the most ATP 

swabs (139; Table 3.13).  Anecdotally, deep clean crewmembers were motivated by passing ATP 

scores during operations. Competition began among employees to achieve ATP levels below the 

detection limit.  This generated enthusiasm and motivated the crew to clean more effectively.   

 

3.4.5 Facility design differences challenged the robustness of the deep clean SSOP 

Facility design and condition were the most common challenges to effective sanitation 

Execution of the deep clean SSOP did not open niches of L. monocytogenes in well-controlled 

environments (e.g. delis with historically low prevalence). However, L. monocytogenes 

prevalence increased after execution of the SSOP in a deli with previously high prevalence, and 

efficacy in other high prevalence delis was mixed.  We postulate that varying results may be 

attributed to the complexity of the deli environment and physical limitations of the study design.  

Each participating deli had a unique structural design and varying equipment.  Although the 

cleaning crew was trained against the SSOP, every execution had unique challenges. Poorly 

sloped floors, partially or completely blocked floor drains, worn grout and damaged flooring 

regularly created challenges for water control throughout the deep cleans in every deli. Even in 

deli 12, which had low prevalence contamination and relatively minimal soils, a clogged cold 

storage room floor drain significantly disrupted execution of the SSOP. Standing water 

accumulated in the immediate area within 30 minutes, a second drain became backed up within 

90 minutes, and the crew tracked heavily soiled grey water throughout the environment for 3.5 h 

while waiting for the emergency plumber to arrive. In an ideal situation, cleaning would have 

been halted while the drain issue was resolved, but due to the limited allotted time and business 
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needs of the participating retailers, the crew continued cleaning to complete the SSOP before the 

deli opened for business in the morning.  Delis with free-flowing drains were not free of issues. 

Standing water on the deli floor had detectable L. monocytogenes on 20 (37%) of 54 samples 

tested throughout the study (Table 3.10). Surfaces which are corroded, pitted or worn create hard 

to clean areas which can hold water and foster the growth of microorganisms in places 

inaccessible to standard cleaning practices.   

 

 

 

 

 

 

 

 



 
 

Table 3.12. In-progress deep clean ATP swab sites. 

Site 
Surface 
Type Procedure 

Slicer blade FCS Swab 10 x 10 cm (4 x 4 in) surface on slicer blade close to blade edge. 

Slicer knob TP Swab entire upper handle on slicer food carriage. Approximately 65 cm2 (10 in2).  

Deli case FCS 
Swab 10 x 10 cm (4 x 4 in) in lower front corner near glass and product interface in the deli case 
dedicated to RTE products 

Deli case near raw meat FCS 
If a store has either shared deli case or deli case immediately adjacent to raw meat area, swab 10 x 
10 cm (4 x 4 in) in lower front corner near glass and product interface in the deli case  

Deli case tray FCS Swab 10 x 10 cm (4 x 4 in) in corner of a deli case tray 

Deli case handle TP 
Swab the entire deli case handle (total surface that can be accessed with ATP Surface Sample) 
included front and back of handle. Approximate area 130 cm2 (20 in2) 

3-basin deli sink interior FCS Swab 10 x 10 cm (4 x 4 in) around and including the drain cover 

3-basin deli sink exterior NFCS 
Swab 10 x 10 cm (4 x 4 in) on the front of the deli sink in the center of the last basin (sanitation 
sink) and include under the lip of the sink  

Floor/wall juncture under 3-basin deli 
sink NFCS 

Sample 100 cm (40 in) length of the floor/wall juncture under the middle basin of the 3-basin deli 
sink. 

1-basin deli sink interior FCS Swab 10 x 10 cm (4 x 4 in) around and including the drain cover 

1-basin deli sink exterior NFCS 
Swab 10 x 10 cm (4 x 4 in) on the front of the deli sink in the center of the sink and include under 
the lip of the sink  

Floor/wall juncture under 1-basin deli 
sink NFCS Sample 100 cm (40 in) length of the floor/wall juncture under the single basin deli sink 

Drain NFCS Swab 10 x 10 cm (4 x 4 in) of the drain cover 

Floor adjacent to drain NFCS 
Swab 10 x 10 cm (4 x 4 in) immediately adjacent to the drain cover; but do not worry about 
sampling around the drain as drains may vary in shape and size.      

Deli floor NFCS Swab 10 x 10 cm (4 x 4 in) of the floor in a high traffic area. 
Floor, deli cold storage room NFCS Swab 10 x 10 cm (4 x 4 in) immediately inside and center of cold room door.   
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Wall, deli cold storage room 
NFCS 

Swab 10 x 10 cm (4 x 4 in) approximately 1 meter from the floor on the wall immediately inside the 
cold storage room door   

Drain, deli cold storage room NFCS Swab 10 x 10 cm (4 x 4 in) of the drain cover 

Racks, deli cold storage room 
FCS 

Swab an estimated 10 x 10 cm (4 x 4 in) of cold storage rack product surface including at 90º angle 
(the goal being the sample a corner that may or may not be cleaned as efficiently)  

Standing water on floor 
NFCS 

Sample standing water using the Water Sampler.  If multiple pools of water exist, select the pool 
closest to the deli slicer 

Squeegee or other floor cleaning 
equipment  NFCS 

Swab an estimated 10 x 10 cm (4 x 4 in) of the surface of a floor squeegee or other cleaning 
equipment 

Hoses (used for cleaning floors) NFCS Swab an estimated 10 x 10 cm (4 x 4 in) area of hose immediately adjacent to the nozzle 

Trash cans in the deli area 
NFCS 

Swab 5 x 10 cm (2 x 4 in) on the outside of the trashcan and 5 x 10 cm (2 x 4 in) on the inside of the 
trash can immediately adjacent to the area sampled on the outside.   

Scale composite FCS 
Swab 10 x 10 cm (4 x 4 in) surface of the key pads. Swab 10 x 10 cm (4 x 4 in) surface in the 
middle of the scale top. 

Cutting board FCS Sample a 10 x 10 cm (4 x 4 in) surface of a heavily used counter/table top. 
Rewrap table FCS Swab 10 x 10 cm (4 x4 in) surface in the middle of the re-wrap table. 
Countertop FCS Sample a 10 x 10 cm (4 x 4 in) surface of a heavily used counter/table top. 

Hand wash sink handle TP 
Swab 10 x 10 cm (4 x 4 in) from faucet handles on the deli handwash sink--shape will vary by 
handle style.  

Hand sink towel or soap dispenser 
handle TP 

Swab surface of handle for dispensing towels or soap near deli hand sink up to 10 x 10 cm (4 x 4 
in).  

Other touch points TP Swab 10 x 10 cm (4 x 4 in) area for any employee touch points not otherwise listed.  
Food preparation table FCS Sample a 10 x 10 cm (4 x 4 in) surface of a heavily used counter/table top. 
Scale top FCS Swab 10 x 10 cm (4 x 4 in) surface in the middle of the scale top. 
Scale key pad TP Swab 10 x 10 cm (4 x 4 in) surface of the key pads. 

Slicer case FCS 
With the blade removed, sample a 10 x 10 cm (4 x 4 in) area on the slicer case which is not easily 
cleaned. 

Slicer carraige FCS Swab 10 x 10 cm (4 x 4 in) surface on the slicer carraige where chubs are placed. 

Slicer other FCS Swab entire upper handle on slicer food carriage. Approximately 65 cm2 (10 in2).  
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Rack attachment, cold storage room 
NFCS 

Swab an estimated 10 x 10 cm (4 x 4 in) of cold storage rack product surface including at 90º angle 
(the goal being the sample a corner that may or may not be cleaned as efficiently)  

Wall attachment, cold storage room 
NFCS 

Swab an estimated 10 x 10 cm (4 x 4 in) of cold storage wall where racks attach including  90º angle 
(the goal being the sample a corner that may or may not be cleaned as efficiently)  

Cooling unit surface, cold storage 
room NFCS Swab 10 x 10 cm (4 x 4 in) surface on the exterior of the cold storage room condenser. 

Cooling unit gasket, cold storage 
room NFCS Swab 2.5 x 40 cm (1 x 16 in) length of the gasket seal on the cold storage room condenser. 
Corner, cold storage room NFCS Swab 2.5 x 40 cm (1 x 16 in) length of the cold storage room interior corner.  
Floor/wall juncture, cold storage room NFCS Swab 2.5 x 40 cm (1 x 16 in) length of the floor-to-wall juncture inside the cold storage room.  
Door gasket, cold storage room NFCS Swab 2.5 x 40 cm (1 x 16 in) length of the cold storage room door gasket.  
Interior door handle, cold storage 
room TP Swab the entire cold room handle (total surface that can be accessed with ATP Surface Sample) 

Exterior door handle, cold storage 
room TP Swab the entire cold room handle (total surface that can be accessed with ATP Surface Sample) 

Deli case front window 
FCS 

Swab 10 x 10 cm (4 x 4 in) in lower front corner near glass and product interface in the deli case 
dedicated to RTE products 

Deli case fan FCS 
Swab 5 x 10 cm (2 x 4 in) on the face  and 5 x 10 cm (2 x 4 in) on the back of a fan blade from 
inside the deli case. 

Deli case air intake cover NFCS Swab 10 x 10 cm (4 x 4 in) on vents to coils inside the deli case dedicated to RTE products. 
Deli case coils FCS Swab  10 x 10 cm (4 x 4 in) surface of deli case interior adjacent to coils and close to interior drain. 
Deli walls NFCS Swab  10 x 10 cm (4 x 4 in) surface of deli area wall. 
Wheeled cart shelves FCS Swab  10 x 10 cm (4 x 4 in)  surface of shelf on wheeled carted used for RTE meats. 
Food trays FCS Swab 10 x 10 cm (4 x 4 in) in corner of a deli case tray 

Pans 
FCS 

Swab 5 x 10 cm (2 x 4 in) on food contact surface (top of pan) and 5 x 10 cm (2 x 4 in)on lip and 
back of pan immediately opposite food contact surface. 

Knife rack FCS Swab either (i) two knife slots if sampling a block or (ii) 10 x 10 cm (4 x 4 in) inside a scabbard  

Knife juncture 
FCS 

Swab both sides of a clean knife at the 90º angle where the blade joins the handle;  knife may be 
taken from a magnet bar, block, or rack. Approximate area 10cm2 (4 in2) 
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Drying rack 
FCS 

Swab a composite of various drying rack surfaces; 10 x 10 cm (4 x 4 in) total.  Include surface area 
next to a 90º angle (the goal being to sample a corner that may or may not be cleaned as efficiently)  

Utensil or spoon FCS Sample front and back of a spoon used daily to serve foods displayed in the deli case. 
Cleaning drain NFCS Swab 10 x 10 cm (4 x 4 in) of the drain cover in the utility sink or mop sink nearest to deli area.  

Broom handle TP 
Swab circumference (approximately 7.5 cm or 3 in) of deli broom handle for a 12.5 cm (5 in) length 
from the top.  

Floor utensil handle 
TP 

Swab handle circumference (approximately 7.5 cm or 3 in) for a 12.5 cm (5 in) length from the top 
for a floor cleaning utensil (e.g. deck brush, squeegee).  

Hose rack NFCS Swab 10 x 10 cm (4 x 4 in) of the rack used to hold the utility hose in the deli area.  
Floor mat NFCS Swab 10 x 10 cm (4 x 4 in) area of the surface of a floor mat used in the deli.  

Other FCS FCS 
Swab 10 x 10 cm (4 x 4 in) area of any FCS not otherwise listed--record sampling information 
separately. 

Trash cans in the deli area 
NFCS 

Swab 5 x 10 cm (2 x 4 in) on the outside of the trashcan and 5 x 10 cm (2 x 4 in) on the inside of the 
trash can immediately adjacent to the area sampled on the outside.   

Standing water on floor 
NFCS 

Sample standing water using the Water Sampler.  If multiple pools of water exist, select the pool 
closest to the deli slicer 

Other TP TP Swab 10 x 10 cm (4 x 4 in) area for any employee touch points not otherwise listed.  
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Table 3.13. In-progress ATP swabs collected per store and the order in which stores were cleaned.  
 

Store 
ATP 

Taken Ordera 
2 99 7 
5 102 1 
8 115 3 
13 116 2 
23 124 8 
12 125 5 
22 133 6 
17 134 4 

28 139b 9 
a Order in which the deli was cleaned among 
the 9 deep clean events 
b On-hand swab supply was exhausted;.   

 

3.4.6 Deli case and cold storage room require the most labor hours due to unforeseen challenges   

Irregularly cleaned deli cases and cold storage rooms required more labor hours and 

resources than any other area. Heavily soiled deli cases frequently required more than five hours 

for a three man crew to clean (15 labor hours). Poor design often compounded issues. In some 

deli cases, food particles could fall through vents into the coil compartment, but the coils were 

covered by plating which could only be removed if the cases sides were disassembled—

something which could not be done due to personnel availability and time constraints.  Removing 

the top plate and completely exposing refrigeration coils as well as the removal of fan blades and 

motors often required tools and knowledge not available to deli managers or associates.   The 

moderately sized (10ft x 7ft; 3m x 2m) cold storage room with built-in steel racks at deli 2 

required more than 7 hours scrubbing by a 2-3 man crew using lime remover to eliminate heavy 

mineral deposits and soils. In comparison, in delis which reported regular case cleaning—once 

every 6 weeks or less per case—soils were visibly reduced compared to delis which did not 

include case cleaning to coils in a master sanitation schedule (or if included, deli managers where 

ignorant of the policy). It is important to note that the presence of an attentive and knowledgeable 

maintenance person greatly facilitates the disassembly of both deli cases and cold storage room 

refrigeration units. 
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3.4.7 Study design limitations 

Resources limited the scope of the study to 9 delis.  In order to (i) maintain the blindness 

of the study, (ii) to represent both high and low prevalence, and (iii) respect the investment of the 

retailers in this study, the power to detect statistically significant differences was reduced.  Over 

50% of the study budget was used to employ cleaning crew, which for consistency had to travel 

to 3 states for a total of 3 weeks.  Despite having a well-trained crew, an additional 2-4 personnel 

would have been beneficial. Additionally, significant costs were borne by each deli for labor (to 

empty and restock delis), chemicals, lost sales, and maintenance. The 12 h shutdown period was 

negotiated in advanced with participating delis and could not be violated, even if more time was 

needed to effectively clean large and/or heavily soiled delis. Another design limitation was that 

multiple surfaces matched each sample site description (e.g. there was more than one slicer per 

deli); without permanently marking sample sites, the before and after samples may have been 

collected from unique places (e.g. different slicers). Therefore the elimination (or appearance as 

in deli 2, Table 3.9) of a positive sample after deep clean compared to before could be a factor of 

a change in test area rather than the impact of the SSOP. We recognized this at the beginning of 

the study and accepted this limitation, as risk of site change would present results more relevant 

to commercial application of the SSOP than if test sites were identifiable—and potentially target-

cleaned—by crewmembers. Also, collection of follow-up samples monthly, particularly in the 

first month post-deep clean, only provided a low-resolution evaluation of sustained efficacy. 

Monthly follow-up sampling would appear the same if the bacterium were absent for one day or 

one week or 29 days, as long as the organism returned before the one month post-deep clean 

sample date.  

 

3.4.8 Major learnings and future directions.  

The deep clean SSOP (Appendix B) has potential to reduce L. monocytogenes prevalence 

in retail delis, but consistent, effective implementation requires further investigation. Planning, 

preparation, and communication before the day of cleaning in each deli were major factors 

affecting execution. Well prepared delis which had all food products and dry goods removed 

before cleaning crewmembers arrived facilitated a more efficient start time with minimal 

disruption to customers and regular business activities.  Conversely, deli departments that were 

not well prepared/staffed struggled to remove inventory, often resulting in delayed cleaning start 

times and confusion, which impacted the customer experience. Overall, the authors agree that 

more time, labor, and resources were needed to support effective cleaning. Large delis may be 
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better served by splitting the deep clean procedure into two overnight events to give more hours 

for cleaning with less personnel fatigue. A greater focus on NFCS, such as completely washing 

floors at least twice during each event, may help eliminate L. monocytogenes and Listeria species 

non-monocytogenes from these largely contaminated surfaces.  

This study failed to incorporate any local employee engagement and we suspect that a 

“brownie” effect existed, where, like the fabled English “brownies”, the cleaning crew would 

enter the delis at night after staff had left and the deli was magically clean when the employees 

returned. We propose that reductions in L. monocytogenes prevalence could be better maintained 

if there was increased engagement of local deli employees via training, daily monitoring of 

sanitation efficacy (e.g. ATP testing), and/or managerial investments to emphasize food safety 

practices in an effort to change employee habits, which allowed soils accumulation in the first 

place.  

The largest takeaway from this study is that a deep clean alone cannot mitigate persistent 

and transient L. monocytogenes contamination. Facilities maintenance, equipment design, and 

employee attitudes are outside the scope of a cleaning procedure, yet have a major impact on the 

presence of foodborne pathogens in the retail environment. Future investigations, which involve 

multifaceted approach to reducing L. monocytogenes prevalence in retail delis, are likely to be 

successful.  
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CONCLUSIONS 
 
 
 
The overall purpose of this work was to identify and develop control, prevention and 

mitigations strategies for L. monocytogenes in retail delis.  First, I investigated the relationship 

between ATP, APC, and L. monocytogenes (both present/absent and quantitatively) from 

environmental samples taken concurrently in delis to identify alternative potential control 

strategies to pathogen testing in retail. Then, I developed and tested a deep clean SSOP as a 

method to mitigate L. monocytogenes prevalence.  

Our study of ATP response as it relates to the likelihood of L. monocytogenes 

contamination confirmed the value of this rapid non-selective method in sanitation monitoring 

systems. A 1 log increase in aerobic plate count (APC) response related to a 2.9-fold increase in 

the odds of detecting L. monocytogenes (p=0.039). A mean 10-fold increase in RLU (ATP 

response) increased the odds of detecting L. monocytogenes by 4-fold (p<0.001). From this 

relationship, we developed thresholds for ATP responses on FCS and NFCS in simple terms of a 

pass (green), marginal (yellow) or fail (red) to associate with levels L. monocytogenes 

contamination.  Sample size and study design limited our capacity to quantify any relationships 

between standard plate counts (APC) and enumeration of L. monocytogenes (via MPN) to ATP 

response.  

We furthermore identified 10 sites which were both statistically and logically 

representative of the 35 FCS and NFCS swabbed for ATP in this study. Together these 

representative test sites and recommended RLU thresholds can be used as a managerial tool to 

establish routine environmental monitoring systems in retail delis without any previous 

experience.  Trends in routine ATP sampling data can be used to identify surfaces in need of 

further sanitation, necessitated adjustments to sanitation schedules, to provide justification for 

replacing worn equipment (e.g. striated slicer blades which may hold soils or harbor bacterial 

contamination) or provide evidence to deal with other problems (e.g. personnel issues). Although 

ATP testing cannot specifically detect the presence of a specific organism, these data indicate this 

non-selective rapid test has value in detecting and mitigating food safety risks due to ineffective 
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sanitation in retail delis. Next, further research is needed to identify specific impacts of 

implementing ATP monitoring systems in retail delis on a daily basis.  

The deep clean SSOP developed and tested here has potential to reduce L. 

monocytogenes prevalence in delis. Major equipment was moved and disassembled to target 

NFCS—which are the largest harborage area for persistent contamination.  Such disruptions of 

manufacturing environments often expose niches of bacteria which were previously controlled. In 

this study, there was no significant changes in stores with a history of low prevalence (<5% 

within-establishment) L. monocytogenes contamination, indicating any exposed niches were 

likely controlled through the sanitation procedure. However, in one instance L. monocytogenes 

prevalence increased after execution of the SSOP in a deli with previously high prevalence and 

efficacy in other high prevalence delis was mixed. We postulate the varying efficacy of the deep 

clean may be attributed to the complexity of the deli environment and physical limitations of 

study design. Each deli tested had a unique design, structural features, and equipment. Heavy 

soils accumulation and difficulty controlling water-flow due to poorly-sloped floors and 

inaccessible drains often challenged the small labor-force to complete the sanitation procedure in 

the allotted time. In the future, we recommend executing the deep clean SSOP using a larger 

labor force and allowing a longer shut-down period for large stores and those with especially 

heavy soils. 

The immediate L. monocytogenes prevalence reductions we observed in two high 

prevalence stores were not sustained to the 1 month-post deep clean sampling event. We postulate 

that increased engagement with local deli employees—including training, education, and 

additional resources devoted to food safety—could improve sustainability of deep cleaning 

results by impacting the daily habits of employees which allowed previous soil accumulation. The 

use of a rapid ATP testing system throughout the deep clean procedure was beneficial to ensure 

quality execution as well as maintain high levels of crew engagement during late hours of the 

night when fatigue became a factor. 

Environmental contamination of retail delis with L. monocytogenes and Listeria spp. 

remain a food safety challenge and risk to public health. In my view, there are three major 

differences between retail deli environments which struggle to control L. monocytogenes and 

RTE manufacturing facilities with well-controlled environments: (i) delis part of grocery stores 

are part of open-access facilities, (ii) many delis handle both RTE products and raw products with 

little separation, and (iii) infrequent cleaning of NFCS allows replication and transmission of the 

pathogen to many surfaces. The first two points contribute to the risk of introducing L. 
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monocytogenes into the environment. An open access facility like a grocery store where 

customers and workers enter directly from out-of-doors has increased the risk of L. 

monocytogenes contamination as the organism is ubiquitous in both urban and rural environments. 

In the absence of environmental controls (e.g. limited access) or sanitation procedures (e.g. 

footbaths) found in manufacturing facilities, L. monocytogenes is very likely to enter the retail 

environment. Additionally, delis frequently handle RTE foods and raw products simultaneously 

in adjacent or comingled areas increasing the risk that pathogens present on raw foods could be a 

source of cross-contamination. For example, raw chicken—which is often fried or roasted in the 

deli area—has been estimated to carry L. monocytogenes on up to 40% of carcasses. With these 

two major opportunities for L. monocytogenes entry into the environment, controlling the 

pathogen through sanitation is pivotal. Perhaps due to lack of regulatory pressure, NFCS in retail 

delis—which had detectable L. monocytogenes >14% of samples tested—are only subject to 

infrequent cleaning and maintenance. Sites such as cold storage room floors and drains may only 

be cleaned weekly, monthly, or quarterly due to logistical challenges in maintaining cold-chain 

without co-mingling RTE and raw meats. It is likely that a deep clean SSOP can assist stores with 

high prevalence L. monocytogenes contamination and heavy soils in immediately improvements 

to sanitation. However, further research is needed on solutions with long-term impacts, such as 

changes to master sanitation schedules, particularly regarding NFCS SSOPs. 
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Appendix A- Raw Data 
 
 
 
Table A.1. Phase 1 preoperational sampling data. Has been saved electronically on Purdue 

university server identified as:  \\itsofs06.itap.purdue.edu\ag_fdsc\Labs\Oliver 

Lab\S.Hammons\Retail.Longitudinal\Data\LPh12_MSThesis_SHammons_TableA.1.Ph1uncorrec

ted20140416.txt   Table A.1. is not included in hardcopy as 1607 observations (including sample 

sites not tested) with 32 variables each would require 129 pages to print in hardcopy thesis format.  

 

Table A.2. Phase 2 operational sampling data. Has been saved electronically on Purdue 

University server identified as:  \\itsofs06.itap.purdue.edu\ag_fdsc\Labs\Oliver 

Lab\S.Hammons\Retail.Longitudinal\Data\LPh12_MSThesis_SHammons_TableA.2.Ph2uncorrec

ted20140416.txt  Table A.2. is not included in hardcopy as 5044 observations (including sample 

sites not tested) with 52 variables each would require 1150 pages to print in hardcopy thesis 

format. 

 

Table A.3. Phase 5 Deep Clean sampling data. Has been saved electronically on Purdue 

University server identified as:  \\itsofs06.itap.purdue.edu\ag_fdsc\Labs\Oliver 

Lab\S.Hammons\Retail.Longitudinal\Data\LPh5_MSThesis_SHammons_TableA.3.Ph5sampling

data20140416.txt  Table A.3. is not included in hardcopy as 1260 observations (including sample 

sites not tested) with 30 variables each would require 151 pages to print in hardcopy thesis format. 
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 Appendix B- Deep Clean SSOP 
 
 
 
 FOOD MICROBIOLOGY LABORATORY 

PURDUE UNIVERSITY 
Deep Cleaning SSOP for Retail Delis 

Adapted by: Susan Hammons and Haley Oliver 
Adapted from: ECOLAB Listeria Recovery Cleaning Procedure, FMI working group LM SSOPs 

 
INTRODUCTION 

 
Purpose 

The purpose of this document is to establish the initial guidelines for deep cleaning events to 
reduce Listeria spp. and L. monocytogenes in retail deli environments.  

 
 Scope 

This SSOP applies to retail stores participating in the FMI Longitudinal study to reduce L. 
monocytogenes in retail delis. All equipment used to process ready-to-eat deli meats and cheeses 
(deli cases, slicers, cutting boards, tables) will be disassembled and cleaned.  

 
Out of Scope: Any equipment used strictly for prepared foods or hot products (proofing cabinets, 
ovens, fryers, bread slicers) will be surface cleaned and sanitized--exterior only. Areas where the 
bakery is physically separate from deli areas, only the deli areas will be deep cleaned. If the 
bakery is not distinctly separate or deli/bakery areas have mixed traffic flow, both areas will be 
included for full deep clean.  

 
MATERIALS  

Equipment 
• (2) AccuPoint2 ATP luminometer units (Neogen Corporation) 
• (125) AccuPoint2 ATP samplers (Neogen Corporation) 
• Cleaning Equipment (multiples appropriate for crew size) 
• Disposable paper towels 
• (3) Short handled brushes (food contact) 
• (3) Long handled brushes (food contact) 
• (3) Deck brushes with handle (walls and floors) 
• (3) Rubber squeegees 
• Green scrub pads 
• Toothbrushes 
• Small scrub brushes (fingernail brushes)

 



97 
 

• (5) Buckets for water and detergent 
• Flat blade scraper (for removing caulk, adhesive, other grime) 
• Hairnets or hats for all crew 
• Tool kit (screw drivers, allen wrenches, misc. needs) 
• Terry cloth towel for dip stations 

 Other equipment to be determined by 3rd party contractor (ISS) 
New hose 
New low pressure hose nozzle as needed 
New Hard rubber squeegee 
Disposable gloves (drain cleaning) 

 
Chemicals 
 To be determined by sanitation service provider (Ecolab).  
Kay chlorinated cleaner 
Hawk Degreaser 
Quat sanitizer 
Foaming drain cleaner 
Mobile dispensing cart 
 
PROCEDURES 
Planning  
Retailer/Store will:  

1. Comprehensively communicate deep cleaning plan throughout management chain 
(corporate VP’s to regional directors to store managers to deli associates). 

2. Schedule extra labor hours are required to complete other store responsibilities before, 
during, and after deep clean. To include:  

a. Labor to remove product and clutter from deli before deep clean 
b. Maintenance assistance during deep clean for equipment handling (delicase, 

slicers, cooling units, breakers/lights).  
c. Deli manager time to oversee beginning of deep clean and extra labor by 

associates 
d. Labor to return product and restore deli to operating condition after deep clean 
e. Labor to increase time allocation for daily cleaning post deep cleans 

3. Remove everything (dry goods, paper towels, documentation, paper work, and all food 
products, unused miscellaneous items) from the deli. Includes removal of clutter from 
underneath sinks, in closets, near walls, and throughout the deli and adjacent prepared 
foods area, if applicable, prior to start of deep clean. 

a. A manager or regional manager (or corporate representative) should be available 
to make inventory decisions (e.g., if clutter may be discarded or stored 
elsewhere). 

b. If it cannot get wet, it should not be in the deli. 
4. Communicate special requisitions to replace worn cleaning implements (hoses, squeegees, 

brushes) not included by Ecolab plan.  
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a. New cleaning tools should be used for the deep clean and left freshly sanitized 
for store use after completion.  

i. If foam squeegees are used during the deep clean event, they will NOT 
be left in the deli. Only hard, sanitizable plastic squeegees will be left for 
regular deli use.  

 
ISS/Ecolab/Purdue cleaning team will: 

1. Schedule deep clean during LOW product inventory levels (3 weeks in advance). 
2. Develop a detailed cleaning plan. Including: 

a.  Individual assignment of tasks 
b. Estimated timeline for each set of tasks through cleaning event 
c. Planned rest breaks & tracking of cleaning milestones 

3. Ecolab will coordinate with store’s corporate leadership to order: 
a.  Deep clean materials  

i. Equipment for crew 
ii. Chemicals 

iii. Replacement equipment for store 
4. ISS will order personal protective equipment (PPE) for staff. 

a. PPE should include smocks/aprons, rubber boots, gloves, & eye goggles for all 
deep cleaning crew. 

 
Preparation   
To be completed immediately before the deep clean process will be conducted. 
1. Remove all product, dry goods, and shut off Cold Storage Room and Deli cases—Store 
Team 
      Sweep floors and remove deli trash. Please leave at least one liner for crew to discard trash 
during cleaning. Empty trashcans should remain in deli to be cleaned during the evening.  
 
NOTE: No cleaning, degreasers, chlorinated cleaner, sanitizer or extra water may be used in any 
part of the deli until all pre-samples have been completed. Removal of food products and dry 
goods, sweeping floors and general tidying up are acceptable.  
 
2.  Set-up break room/homeroom –Store Team 
 Designate a room for the cleaning crew to leave personal items, take breaks, and conduct 
team meetings during the deep clean.  
 
3.  Baseline Sample Collection- Purdue team 
Swab for ATP and LM concurrently pre-deep clean using 28 standard sites from Phase II & IV 

a. NOTE: ATP sample should be collected before the LM swab to prevent the 
neutralizing buffer form affecting the ATP system.  

 
4. Cleaning team meeting- ISS and Ecolab team 
Review cleaning plan, individual assignments, & distribute PPE   
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a. Smocks, gloves, rubber boots, and  eye goggles, as needed. 
b. Have an assessment of tools (hose racks, deck brushes, other) – change them out 

if needed.   
c. Designate and label scrub brushes for Drain, Floors, and Walls with permanent 

marker 
d. Divide crew into 3 teams:   1) CSR/Prep-Area Crew,  2)Slicers/Cases/Service 

Area Crew,  3) Small utensils/Sink-Crew. 
 

5. Chemical calibration- Ecolab team 
a. Calibrate detergent and sanitizer dispensers for each three-basin sink, mobile cart, 

wall foaming units, and other dispensing units to be used for the deep clean.  
b. Prepare boot dip station with sanitizer (450ppm) and a towel on the exit into the 

store area to absorb excess sanitizer and water (minimize moisture tracked onto 
store floor).  

i. Dip station should be check every few hours and sanitizer changed as 
needed to maintain active concentration 

Cleaning Actions 
General equipment—All Teams 
Start early, plan breaks with refreshments for all crew members. Leadership team should monitor 
crew member fatigue closely.  
 

1. All cleaning crew members must wash hands before entering the deli (restroom, 
break room or other available sink).  

a. Use soap and warm water to scrub hands, between fingers, under fingernails 
for 20 seconds (sing Happy Birthday song twice) 

b. Use a clean paper towel to dry hands and turn off faucet 
c. Use paper towel to handle door knobs when exiting the restroom. 

 
2. Prepare hand washing sink areas 

a. Scrub interior and exterior of hand sink and contact points using a degreasing 
agent  

i. Special attention to corners inside sink, underside of exterior edge, 
faucet, handles and drain.  

ii. Touch points include soap dispensers, towel dispensers,  
b. Rinse and test touch points for ATP signal (if fails, repeat cleaning) 
c. Once ATP passes (<150 RLU)  sanitize (450ppm) 

 
3. Three (3) Basin sinks 

a. Empty sink 
b. Scrub interior and exterior by hand using a degreasing agent and chlorinated 

cleaner 
c. Special attention to corners inside sink, underside of exterior edge, faucet and 

drain 
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d. Scrub drain 
e. Rinse and test for ATP  (if fails, repeat cleaning) 
f. Once ATP passes (<150 RLU)  sanitize (450ppm) 

 
4. Clean Equipment/Tools 

Used to clean food contact surfaces: Scrub Brushes, Scouring Pads, Cleaning Cloths, Gloves for 
Washing, and spray bottles 
 
 Used to clean non-food contact surfaces: Squeegees, Spray Nozzles, Brushes, wash buckets 

 
a. New cleaning tools must be washed and rinsed, then: 
b. Sanitize by soaking for 15min at minimum of 450ppm  

a. Check sanitizer concentration after 5 and 10 min, change sanitizer solution as 
needed to ensure proper concentration 

b. Sanitizer solution should not become soiled, if so, repeat the wash and rinse 
steps until solution remains clear.   

c. Cleaning tools shall be stored in a manner to facilitate air drying (e.g. hanging in 
designated location).    

5. Foam all drains, floor-to-wall junctures under sinks, and other high-grime floor areas 
with degreasing agent. 

 
---The following are general assignments for each team. Adjustments to be made for the layout of 
each deli, but generally to be executed sequentially ---- 
 
Team 1-  
Cold Storage Room (CSR)  
---Should be open and warming after store team shutoff refrigeration unit previously-- 

1. Sweep CSR floor to remove large debris. 
2. RacksIf space allows, scrub racks inside deli cooler.  

a. Otherwise remove racks from cooler—pre-scrape with putty knife to remove 
grime as needed.  

b. Scrub with chlorinated cleaner using hand brushes and scrub pads 
c. Rinse, test for ATP response until pass (<150 RLU passes) 
d. Sanitize 450ppm 

3. Clean Drain – See SSOP Appendix #1 for instructions. 
4. Cooling unit 

a. Scrub exterior surface of unit with detergent. Special attention to tight corners 
and niches.   

b. Rinse thoroughly 
5. Walls 

a. Scrub by hand to remove soil using degreasing detergent and rinse. 
6. Door gasket 

a. Scrub gasket with degreasing detergent (allow soak time for set on grime) 
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b. Rinse and sanitize door gasket in buckets of solution (450ppm sanitizer).  
7. Door Interior 

a. Wash and rinse door interior and exterior using a degreasing agent if needed 
b. Pay special attention to crevices and seams. 
c. Scrub plastic curtain with detergent and rinse.   

8. Floor 
a. Apply foaming detergent to floor and walls just above the floor wall junctures.  
b. Vigorously brush the foaming detergent on floor surfaces, floor/wall juncture, 

under equipment, and all other areas within cold storage room. (deck brush) 
c. Rinse all washed areas with low pressure/volume water until all evidence of foam 

is removed.  
d. Squeegee excess water toward drains.  
e. Note:  Avoid splashing of all chemicals and water.  When cleaning drains, the 

drains MUST be cleaned first followed by cleaning the floor as outlined above. 
9. Rinse condenser, walls, and floors of CSR thoroughly. 
10. Test ATP response on each surface (condenser, walls, corners, floor, drain, other) 

a. Re-clean and retest until each surface passes ATP threshold. 
11. Sanitize (450ppm) whole CSR from top to bottom. 
12. Notify store representative the cold storage room can be turned on, then allow case to 

cool to temperature. 
 
Rear/Preparation Area  

1. Clean Drains – See SSOP Appendix #1 for instructions.  This includes drains in the 
Rear/Prep  

2. Food Preparation Sink (1-basin) and Hand Washing Sinks 
a. Empty sink compartments, remove any food scraps and discard.   
b. Use detergent to scrub all backsplash(s), strainer(s), interior 

surfaces/compartment(s), drain board(s), faucet(s), handle(s) and knob(s).   
c. Use detergent to clean the drain basket and stopper mechanism  
d. If applicable, use detergent and sanitizer to clean and sanitize any rack(s) used to 

hold product while it’s being opened. 
e. Rinse all surfaces  
f. Test for ATP response 

i. Re-clean and retest until all surfaces pass ATP thresholds 
g. Allow surfaces to air dry prior to next use. 

3.  
4. Tables, Work Surfaces, Racks, and Shelves 

a. Fill buckets / spray bottles with detergent solution, rinse water, and sanitizer. Use 
separate disposable cleaning cloths for each. 

b. Flip tables on side to thoroughly scrub bottom, legs, back, and edges of each.  
c. Scrub ALL table surfaces with detergent solution. 
d. Rinse to remove all detergent and soils.  
e. Test underside of table for ATP response, if passes: 
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f. Flip table upright, scrub interior of each shelf, wall, and surface 
g. Rinse thoroughly (check bottom shelf for debris) 
h. Test for ATP response; re-clean until ATP passes 
i. Mark each clean table with designated magnet 

 
5. Mobile Carts 

a. Flip cart on side to scrub wheels and underside of cart frame with detergent. 
b. Rinse. 
c. Thoroughly scrub the food contact surfaces and cart handle with detergent.   
d. Rinse to remove detergent and soils. 
e. Test for ATP response, re-clean until surface passes. 
f. Mark with designated magnet  

 
6. Walls   

a. Move racks and equipment away from walls 
b. Scrub with brushes and detergent 
c. Rinse with low pressure hose 
d. Test for ATP response (1 per 8 foot section of wall) 
e. Return racks and equipment  

 
7. Touch points (light switches, telephones, door handles)  

a. Wipe down the touch points and surrounding area with detergent solution. 
b. Rinse with cleaning cloth from rinse bucket to remove all detergent and soils. 
c. Test for ATP response, re-clean until ATP passes. 
d. Sanitize by using the cleaning cloth from the sanitizer bucket or spray bottle on 

surfaces that were cleaned and rinsed. 
e. Allow to air dry. 

 
8. Trash cans  

a. Wipe down the trash can exterior and interior detergent solution. Special attention 
to the handles, corners and areas with built up soils. 

b. Soak interior of trashcan with detergent as needed. 
c. Rinse to remove all detergent and soils.  
d. Test ATP response, re-clean until ATP passes. 
e. Sanitize (450ppm) 
f. Allow to air dry inverted in designated area, NOT on unsanitized deli floors 

 
9. Hoses 

---Following procedure to be used ONLY for Listeria recovery of hoses without significant 
damage or wear. Damaged, cracked, torn, or porous hoses must be replaced before Deep Clean 
event ------- 

a. Wash hose exterior and nozzle with degreasing detergent; scrub to remove build 
up  
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b. Rinse to remove soils 
c. Utilize the hose for the cleaning of floors. Then sanitize the hose concurrently 

with the floors. 
 

10. Floor mats 
a. Remove from floor and take to designated cleaning area  
b. Scrub with degreasing detergent and brushes to remove soils 
c. Rinse to remove detergent and soils 
d. Test for ATP response until passes 
e. Apply sanitizer 450ppm, special attention to crevasses and niches 
f. Allow to air dry 
g. Do not replace on floors until both the mat and the deli floor have been sanitized 

and allowed to air dry.  
 

11. Clean Drains – See SSOP Appendix #1 for instructions.  This includes drains in the 
Rear/Prep  

--Are the drains done yet? If not, add more people and help scrub again— 
Using block whitener is recommended for any drain with PVC pipe or white plastic 
 

12. Floor 
a. Apply foaming detergent to floor and walls just above the floor wall junctures. 

Follow manufacturer’s recommendations for concentration, contact time, and 
water temperature. 

b. Vigorously brush the foaming detergent on floor surfaces, floor/wall juncture, 
under equipment, and all other areas within cold storage room. (deck brush) 

c. Rinse all washed areas with low pressure/volume water until all evidence of foam 
is removed.  

d. Squeegee excess water toward drains.  
e. Avoid splashing of all chemicals and water.   

 
13. Floor-to-wall juncture under each sink 

a. Clean as described above for general floor, scrub thoroughly 
b. Add block whitener to fiber-reinforced-plastic (FRP) walls under sinks, and in 

FTW juncture.  
c. Allow block whitener to soak for at least 20 min. 
d. Rinse thoroughly with water to remove. 

 
Note: All large surfaces will be sanitized concurrently at the end of deep clean 
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Team 2Front/Customer Service Area 
1. Scales 

--To be removed from deli and cleaned by designated Ecolab team member-- 
a. Remove scale from deli work area to designated area away from water.  
b. Remove protective cover from keypad –  

i. Cracked, torn, or yellowed covers should be replaced 
ii. Keypad cover should be separately washed, rinsed, and sanitized as 

described below for the whole scale. Then allowed to air dry before 
being replaced. 

c. Scale top may be removed and washed in 3-basin sink by sink crew. 
d. Wipe down the body, keypad and other touch points with detergent solution. 

i. Special are for sides and backs of buttons as well as though in recessed 
areas 

ii. NOTE: Take special care to minimize water on the scale keys and not 
allow water to enter the electrical mechanisms of the unit 

e. Rinse with cleaning cloth from rinse bucket to remove all detergent and soils. 
f. Test ATP response, reclean until ATP passes (<150RLU) 
g. Replace clean scale top on clean scale. 
h. Sanitize by using the cleaning cloth from the sanitizer bucket or spray bottle on 

surfaces that were cleaned and rinsed (450ppm) 
i. Allow to air dry.  
j. Replace dry keypad cover on dry scale 

---Scales should not be returned to deli area until post-sanitization step-- 
 

2. Clean Drains – See SSOP Appendix #1 for instructions.  This includes drains in the 
Rear/Prep  

 
3. Food Preparation Sink (1-basin) and Hand Washing Sinks 

a. Empty sink compartments, remove any food scraps and discard.   
b. Use detergent to scrub all backsplash(s), strainer(s), interior 

surfaces/compartment(s), drain board(s), faucet(s), handle(s) and knob(s).   
c. Use detergent to clean the drain basket and stopper mechanism  
d. If applicable, use detergent and sanitizer to clean and sanitize any rack(s) used to 

hold product while it’s being opened. 
e. Rinse all surfaces  
f. Test for ATP response 

i. Re-clean and retest until all surfaces pass ATP thresholds 
g. Sanitize (450ppm) 
h. Allow surfaces to air dry prior to next use. 

 
4. Deli Slicer(s) 

a. Turn power off 
b. Disconnect the plug from the power source 
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c. Make sure the index knob is turned to the right past ‘zero’ until it stops 
d. Select ‘cut resistant gloves that fits your hands and place them on both hands 

when cleaning the slicer 
e. Cover ‘cut resistant’ gloves with disposable gloves 
f. Disassemble the slicer according to the manufacturer’s instructions (remove 

carriage tray, food pusher, blade guard, etc.) 
g. Pre-scrape areas of slicer to remove food debris 
h. Removable slicer parts are to be washed, rinsed and sanitized at 3-compartment 

sink  
i. Scrub to remove soil and debris with a nylon brush as needed.  

ii. Sanitize (450ppm) and allow to air dry. 
i. Wash, rinse and sanitize stationary parts of slicer (blade, tray area, underneath 

slicer, etc.)  
i. Scrub stationary parts and area under the slicer with a nylon brush, 

Note: Clean both sides of the slicer blade with cloth, non-abrasive pad or brush. Always wipe 
from the center of the blade toward the outer edge (towards you).  Move the blade manually to 
get the full edge 

ii. Wash with detergent and a cleaning cloth 
iii. Rinse with fresh clean water 
iv. Test for ATP response, re-clean until ATP <150 RLU 
v. Sanitize with a cleaning cloth or spray bottle (450ppm) 

vi. Allow slicer to air dry  
j. Wash hands and put on disposable gloves 
k. Reassemble slicer in a sanitary manner so as not to contaminate the equipment 

 
5. Rewrap tables 

a. Unplug/disconnect from electric power source 
b. Wipe down the body, top, and other touch points of each rewrap table with 

detergent solution. 
c. Rinse with cleaning cloth from rinse bucket to remove all detergent and soils. 
d. Test ATP response, re-clean until ATP <150RLU 
e. Sanitize (450ppm) by using the cleaning cloth from the sanitizer bucket or spray 

bottle on surfaces that were cleaned and rinsed. 
f. Allow to air dry.  

 
6. Deli Case (down to the coils) 

a. Follow the suggested manufacturers cleaning procedures for use of cleaning and 
sanitizing chemicals.  

b. ----Cleaning ---- 
c. Cleaning can begin once valves and fans have been turned off. --Completed by 

store representative before deep clean begins--- 
d. After debris removal from well, flush out the drain using a hot water hose, it may 

be necessary to use a snake to remove any blockage.  
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e. Hose down shelves, panels and well. Keep water away from fan motors, tag 
molding, signboard and product in other locations.  

f. Honeycombs must be removed to be cleaned. All water must be removed from 
honeycombs.   

g. Other team members can start scrubbing/rubbing panels, shelves while in place, 
pans and grates in well of case concurrent to cleaning of main case body.   

h. Remove doors – wash, rinse, sanitize in 3-compartment sink 
i. Rinse whole case thoroughly 
j. Test for ATP Response, re-clean until ATP passes 
k. After a Team Leader approves cleanliness, towels are used to remove excess 

water from panels, shelves and well.  
l. Replace deli case doors 
m. Sanitized deli case interior using spray bottles (450ppm) before replacing deli 

case shelves and racks 
n.   Replace racks and shelves that have been cleaned and sanitized in 3-basin sink 
o. Re-sanitize deli case interior and exterior after reassembly is complete using 

spray bottles (450ppm). 
 

7. Tables, Work Surfaces, Racks, and Shelves 
a. Fill buckets / spray bottles with detergent solution, rinse water, and sanitizer. Use 

separate disposable cleaning cloths for each. 
b. Flip tables on side to thoroughly scrub bottom, legs, back, and edges of each.  
c. Scrub ALL table surfaces with detergent solution. 
d. Rinse to remove all detergent and soils.  
e. Test underside of table for ATP response, if passes: 
f. Flip table upright, scrub interior of each shelf, wall, and surface 
g. Rinse thoroughly (check bottom shelf for debris) 
h. Test for ATP response; re-clean until ATP passes 
i. Mark each clean table with designated magnet 

 
8. Mobile Carts 

a. Flip cart on side to scrub wheels and underside of cart frame with detergent. 
b. Rinse. 
c. Thoroughly scrub the food contact surfaces and cart handle with detergent.   
d. Rinse to remove detergent and soils. 
e. Test for ATP response, re-clean until surface passes. 
f. Mark with designated magnet  
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9. Walls   
a. Move racks and equipment away from walls 
b. Scrub with brushes and detergent 
c. Rinse with low pressure hose 
d. Test for ATP response (1 per 8 foot section of wall) 
e. Return racks and equipment  

 
10. Touch points (light switches, telephones, door handles)  

a. Wipe down the touch points and surrounding area with detergent solution. 
b. Rinse with cleaning cloth from rinse bucket to remove all detergent and soils. 
c. Test for ATP response, re-clean until ATP passes. 
d. Sanitize by using the cleaning cloth from the sanitizer bucket or spray bottle on 

surfaces that were cleaned and rinsed. 
e. Allow to air dry. 

 
11. Trash cans  

a. Wipe down the trash can exterior and interior detergent solution. Special 
attention to the handles, corners and areas with built up soils. 

b. Soak interior of trashcan with detergent as needed. 
c. Rinse to remove all detergent and soils.  
d. Test ATP response, re-clean until ATP passes. 
e. Sanitize (450ppm) 
f. Allow to air dry inverted in designated area, NOT on unsanitized deli floors 

 
14. Hoses 

---Following procedure to be used ONLY for Listeria recovery of hoses without significant 
damage or wear. Damaged, cracked, torn, or porous hoses must be replaced before Deep Clean 
event ------- 

a. Wash hose exterior and nozzle with degreasing detergent; scrub to remove build 
up  

b. Rinse to remove soils 
c. Utilize the hose for the cleaning of floors. Then sanitize the hose concurrently 

with the floors. 
 

15. Floor mats 
a. Remove from floor and take to designated cleaning area  
b. Scrub with degreasing detergent and brushes to remove soils 
c. Rinse to remove detergent and soils 
d. Test for ATP response until passes 
e. Apply sanitizer 450ppm, special attention to crevasses and niches 
f. Allow to air dry 
g. Do not replace on floors until both the mat and the deli floor have been sanitized 

and allowed to air dry.  
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16. Clean Drains – See SSOP Appendix #1 for instructions.  This includes drains in the 

Rear/Prep  
 
--Are the drains done yet? If not, add more people and help scrub again— 
Using block whitener is recommended for any drain with PVC pipe or white plastic 
 

17. Floor 
a. Apply foaming detergent to floor and walls just above the floor wall junctures. 

Follow manufacturer’s recommendations for concentration, contact time, and 
water temperature. 

b. Vigorously brush the foaming detergent on floor surfaces, floor/wall juncture, 
under equipment, and all other areas within cold storage room. (designated deck 
brushes) 

c. Rinse all washed areas with low pressure/volume water until all evidence of foam 
is removed.  

d. Squeegee excess water toward drains. Avoid splashing of all chemicals and water.   
e. Test for ATP response 

 
18. Floor-to-wall juncture under each sink 

a. Clean as described above for general floor, scrub thoroughly 
b. Add block whitener to fiber-reinforced-plastic (FRP) walls under sinks, and in 

FTW juncture.  
c. Allow block whitener to soak for at least 20 min. 
d. Rinse thoroughly with water to remove detergent 
e. Test for ATP response 

 
Note: All large surfaces will be sanitized concurrently at the end of deep clean 
 
Team 3- Sink Crew 

19. Wash Rinse and Sanitize all cleaning tools to be used during Deep Clean (described in 
preparation).  

--Clean all small pieces of equipment.  Prioritized order:  Slicer, rewrap table, deli case parts, 
trays, utensils, cutting boards, other miscellaneous items.  

20. Follow general procedure below: 
a. Pre-scrape grime, scrub, wash, and rinse utilizing the 3 compartment sink used to 

clean food contact equipment and utensils 
b. Test for ATP response after rinsing, re-clean and retest until ATP passes (<150 

RLU) 
c. Sanitize at 450ppm 
d. Allow to air dry in designated space 
e. Return to appropriate area of deli for reassembly as required 
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21. After all items have been washed, re-clean 3-basin sink as described in Preparation 
section. 

a. Empty sink 
b. Scrub interior and exterior by hand using a degreasing agent and chlorinated 

cleaner 
c. Rinse and test for ATP  (if fails, repeat cleaning) 

 
Whole DepartmentRinse and Sanitize 

1. Refill boot dip-station (450ppm) 
2. Rinse all surfaces thoroughly with water top to bottom. 
3. Sanitize food contact surfaces and equipment using spray bottles 

(counter tops, slicer, rewrap tables, deli case exterior, employee 
touchpoints, exterior of ovens, fryers, and other out-of-scope 
equipment) 

5. Return all cleaning equipment (buckets, brushes, squeegees, hoses) to designated storage 
areas 

6. All workers exit deli, except sanitizing team 
7. Sanitize walls, floors, large equipment using mobile cart or foaming unit (450ppm) 

a. Work top to bottom, back to front. Plan path through deli 
to move progressively closer to hose storage area and a 
quick exit from deli with minimal traffic across newly 
cleaned and sanitized deli floor 

Wrap-up 
Allow a break for deli floors and other items to air dry after last sanitizer application and workers 
to recover before reassembly begins. 
 
Deli Reassembly 

1. Replace sanitized scales in sanitized deli area. 
2. Check functionality of: scales, slicer, rewrap table, deli cases, cold storage room and 

other sensitive equipment 
 
Debriefing Assessment 

1. Meet with all team members who participated in cleaning event 
2. Method/SSOP Assessment 

a. Achievements/Accomplishments 
b. Observed Challenges and Solutions;  Items/Procedures to change next time 

 
Post-Cleaning Sample Collection 

1. Swab for residual ATP and LM  “post-deep clean” 
a. Completed by Purdue team or trained personnel  
b. 28 LM sites  

i. ATP will not be collect post-deep clean as sanitizer creates false-
positives 
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Deep Clean SSOP APPENDIX #1 
 

1. *Drain 
a. Follow the label directions for all cleaning/sanitizing chemicals and use 

appropriate PPE. 
b. Sweep floor and remove large debris from floor. 
c. Place disposable gloves on both hands and remove drain cover along with the 

basket and discard any debris in the basket as well as any debris in the drain. 
d. Place drain cover and basket into bucket of cleaning solution.  Allow to pre-soak 

per manufacturer’s instructions.  When agitation is required, suggest using scrub 
pad to clean.  Recommend against using floor drain brush to avoid potential for 
environmental spray and cross contamination.  

e. Apply authorized cleaner directly to drain and allow contact time per 
manufacturer’s instructions. When agitation is required, suggest using scrub pad 
to clean drain cover and interior of drain basin/sink.  Recommend against using 
floor drain brush due to potential for environmental spray and cross 
contamination.   

• Note:  It is NOT recommended to scrub into the drain/sewer line below 
the base of sink basin. 

f. Replace drain basket and cover, if provided.  
g. Remove and discard disposed gloves and wash hands thoroughly. 
h. Rinse the drain cover, basket and drain with a low pressure hot water. 
i. Sanitize drain cover, basket and drain (450ppm Quat)  

Note: drain will be sanitized again concurrently with the room 
2. Discard the green scrub pad used for cleaning drains  immediately after completing drain 

cleaning.  
3. Thoroughly clean and sanitize the bucket used for cleaning drain cover and basket at 

store’s mop sink/janitor’s area. 
 
 
Note:  In cases where drain covers cannot be removed safely, apply the “Specialized Drain 
Cleaning Foam” as best as possible. 
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Deep Clean SSOP APPENDIX #2 
Items not covered by the scope of the deep clean 
 

• Internal surfaces of fryers 
• Internal surfaces of ovens, proofers 
• Freezers 
• Coffee makers 
• Bread slicers 
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