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ABSTRACT

The goal of this research was to determine the prevalence 
of Listeria monocytogenes in Iowa retail delicatessens and 
assess environmental aspects that mitigate L. monocytogenes. 
Fifty-seven small and large retail delicatessens in Iowa were 
selected randomly. More small operations (n = 43) were 
included as compared with larger stores, given the higher 
frequency of violations. An environmental assessment 
instrument was used to determine environmental factors and 
practices. At least five microbial samples were collected per 
site. We collected 286 (74.3%) of 385 microbial samples from 
small deli operations and 99 (25.7%) of 385 samples from 
large deli operations. Samples were taken from various zone 
1 and 2 areas, such as the slicer, deli case, and meat scale; 
three (0.08%) samples were positive for L. monocytogenes. 
Regarding environmental aspects, not preparing, holding 
or storing ready-to-eat products near raw products (n = 
30, 53%) was practiced by the fewest delis. The majority 
of establishments were observed covering, wrapping, or 
protecting ready-to-eat products when not in use to prevent 
contamination (n = 56, 98.2%). Comparisons were made 

to the U.S. Department of Agriculture Food Safety and 
Inspection Service Guidance on environmental practices, and 
60% of the operations surveyed were in adherence with at 
least seven of the eight recommendations.

Foodborne illness cases are due to various pathogenic 
bacteria, viruses, and parasites (4). Listeria monocytogenes is 
one of the main pathogenic bacteria that causes foodborne 
illnesses. It is widely distributed in environments, such as soil 
and water (37), and can be found in foods both of animal 
and plant origins (14). Listeria monocytogenes has ability 
to persist in biofilms (11) and grow in cold temperatures, 
including refrigerated storage (7, 50). The infection resulting 
from L. monocytogenes known as listeriosis, is caused when 
contaminated food is consumed (13). FoodNet data from 
2015 indicated 116 cases of listeriosis, with 111 of those 
resulting in hospitalizations and 15 (~13%) deaths (20). Some 
individuals are at greater risk for listeriosis, such as those older 
than 65 years (26) or those who are pregnant (39, 42).

Listeriosis outbreaks are often associated with ready-to-
eat (RTE) foods (51). RTE foods that are at greater risk 
for causing listeriosis infection are those products that (i) 
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have post-lethality exposure to the environment prior to 
packaging, (ii) are capable of supporting growth of Listeria, 
and (iii) will not be cooked or treated in any way to eliminate 
Listeria prior to consumption (18, 23, 36). Among RTE 
foods, consumption of contaminated delicatessen meats is 
one of the main sources of listeriosis and outbreaks (6). In 
an older study, it was estimated that almost 90% of human 
listeriosis cases in the United States were caused by the 
consumption of contaminated delicatessen meats (45). 
Endrikat et al. (12) estimated that deadly L. monocytogenes 
is five times more likely to contaminate delicatessen meats 
sliced at retail as compared with prepackaged delicatessen 
sliced meats. In addition, an older study by Gombas et al. 
(16) found L. monocytogenes was nearly seven times more 
likely to be found in delicatessen meats prepared in retail 
establishments. The use of growth inhibitors appears to 
effect Listeria-associated deaths from both manufactured and 
retail sliced delicatessen meats (35). A more recent study 
by Luchansky et al. (28) found that 15 (0.25%) of 5,917 
deli meat samples were positive for L. monocytogenes and 
Listeria-like organisms; chain stores had a slightly higher 
percentage although not statistically significant. A meta-
analysis by Churchill et al. (8) reviewed studies assessing L.
monocytogenes in deli meats and estimated prevalence to be 
2.9% for those studies with larger samples.

Listeria monocytogenes may enter retail delis through vari-
ous transmission routes, such as personnel, equipment, raw 
product, and cross-contamination. The major transmission 
route results from post-processing contamination that occurs 
during additional product handling steps, such as slicing (24, 
25, 35). Therefore, given that L. monocytogenes can be present 
on both food contact and non-food contact surfaces, re-
searchers have conducted sampling of each. Studies conduct-
ed by Hoelzer et al. (19) and Sauders et al. (38) in the United 
States reported 55 to 56% of retail delis had L. monocytogenes 
on food contact and non-food contact surfaces. In the study 
by Sauders et al. (38), 151 (13.0%) of 1,161 environmental 
samples tested were confirmed positive for L. monocytogenes, 
125 (16.7%) non-food contact surface and 26 (6.3%) food 
contact surface samples. Additionally, one longitudinal 
study involving 30 retail delis in three U.S. states found 
314 (6.8%) samples in the first phase of the study to be 
confirmed positive for L. monocytogenes and 4,503 (9.5%) 
samples in the second phase to be positive (40). Samples 
were taken from food contact surfaces (e.g., deli case, slic-
er), non-food contact surfaces (e.g., drain, trash can), and 
transfer points (e.g., slider knob, scale) in this longitudinal 
study. Another study conducted at three butcher shops in 
Brazil, found 87 (60.4%) samples positive for Listeria spp. 
and 31 (21.5%) positive for L. monocytogenes. Samples were 
taken from various sources, including the hands of employ-
ees, tables, knives, grinders, and displays. Tables, grinders, 
and tenderizers were found to be the main contamination 
areas for L. monocytogenes presence (10). Regardless of the 

surface type, an ineffective cleaning program may support 
the growth and persistence of L. monocytogenes for months 
or years in a deli environment (40).

To explore potential reasons for these positive samples, re-
searchers have studied retail deli environments and employ-
ee practices. One such study examined the frequency and 
adequacy of cleaning retail deli slicers; half of 298 retail delis 
in the study did not follow the recommended cleaning pro-
cedures of the U.S. Food and Drug Administration (FDA) to 
prevent L. monocytogenes and other pathogenic bacteria. Also, 
slicers at chain retail delis and in delis with more customers 
were more adequately cleaned (5) as compared with slicers 
at delis that were independent or had low customer volume. 
To mitigate contamination of RTE foods in retail delis, em-
ployees must follow safe food handling practices, including 
maintaining facilities, cleaning and sanitizing equipment, and 
practicing good personal hygiene. Various policies related to 
L. monocytogenes in RTE foods have been implemented (2), 
and the U.S. Department of Agriculture (USDA) Food Safety 
and Inspection Service (FSIS) has introduced L. monocyto-
genes guidelines containing eight recommendations (46).

For this study, and in line with previous research find-
ings, the research objectives were as follows: (i) determine 
the prevalence of L. monocytogenes in selected Iowa retail 
delis and (ii) assess operational environmental aspects that 
mitigate contamination of RTE products with L. monocyto-
genes by using eight recommendations in the USDA FSIS L. 
monocytogenes guidelines.

MATERIALS AND METHODS
Two data collection techniques were used for this study: 

(i) five to nine microbial samples were collected at each site 
and (ii) an environmental assessment instrument was used 
to determine environmental factors and practices. There 
were two pilot data collection periods and then a final data 
collection period. Pilot data are not reported.

Pilot study
For the first pilot, a Listeria self-assessment tool and Hygiena 

InSite environmental Listeria species test swabs (screening test 
for Listeria species, Hygiena LLC, Camarillo, CA) were used in 
nine Iowa retail deli operations. For the Listeria self-assessment 
tool, inspectors reviewed and recommended changes to ques-
tions on the assessment that were confusing; response options 
were changed from “yes” to “in compliance” and “no” to “out 
of compliance.” In addition, some of the results from the test 
kits produced false-positive results (culture confirmations 
performed at the State Hygienic Laboratory, Coralville, Iowa). 
Therefore, to ensure the accuracy of results, a new test kit was 
used for the second pilot test.

For the second pilot, a revised version of the Listeria self-
assessment and new Hygiena InSite L. monocytogenes Glo 
(Hygiena LLC) test swabs (screening test for both Listeria 
species and L. monocytogenes; non-commercial for research 
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only) were used to collect data at another nine Iowa retail 
delicatessen establishments. Similar results to the first pilot 
occurred with test kits producing false-positive results. 
On the basis of these results, the decision was made to use 
traditional sponge stick sampling methodology for the final 
sampling assignment.

Final collection
There were 57 small and large retail deli operations in Iowa 

that were randomly selected for the final data collection. 
The selection was based on a quota sampling technique with 
approximately 75% (n = 43) of selected operations being small 
and the remaining approximately 25% (n = 14) being large 
operations. Sampling at more small operations was intentional, 
given the higher frequency of violations in small delis. All data 
were collected during routine health inspections.

Microbial sample collection
Three trained individuals visited and collected microbial 

samples by using a traditional gloved sponge stick technique. 
Inspectors were trained in aseptic sample collection 
techniques, which is the standard method for all FDA 
consumer safety officers during sampling assignments 
(48). Each sampling required the inspector to collect five 
to seven samples from clean food contact areas used for 
RTE delicatessen meat preparation or storage. Sampling 
site examples were as follows: slicer, meat scale, cutting 
board, walk-in cooler racks, and deli meat cases. Inspectors 
labeled each sample bag with the location, sample number, 
and sample lot number. Information from each sample was 
captured on a sample collection form with location, sample 
zone, sample number, and sample lot code. The operator was 
instructed to reclean any sampled equipment. All samples 
were shipped the same day in soft-sided coolers to the State 
Hygienic Laboratory for analysis with the designated chain  
of custody forms.

Microbiological analyses
For the final data collection activity, World Bioproducts 

EZ Reach™ sterile polyurethane sponges that contained 
10 mL of Dey-Engley neutralizing broth (EZ-10DE-PUR, 
World Bioproducts, Bothell, WA) were used for collection 
and sent to the State Hygienic Laboratory for Listeria species 
testing and culture confirmation. The microbiological 
procedures used for the environmental sample processing 
were from the FDA Bacteriological Analytical Manual (49) 
and Hygiena BAX System Real-Time PCR Assay for Genus 
Listeria (D15131113, Hygiena, LLC). Upon receipt in the 
laboratory, the sponges were homogenized (vigorously 
hand massaged) with prewarmed University of Vermont 
media (modified Listeria enrichment broth; Difco, BD, 
Sparks, MD) broth and incubated at 30°C for 20 to 26 h. 
After primary incubation, 0.1 mL of primary enrichment 
was transferred into 10 mL of morpholinepropanesulfonic 

acid-buffered Listeria enrichment broth (BD Bacto; BD) 
with antibiotics (0.5% acriflavine, 0.5% nalidixic acid, and 
1% cycloheximide solutions, Sigma-Aldrich Corporation, 
St. Louis, MO) and incubated at 35°C for 18 to 24 h. 
Real-Time PCR by using Hygiena BAX System Real-Time 
PCR Assay for Genus Listeria (D15131113, Hygiena, 
LLC) was performed first. If the PCR test was positive, 
aliquots from morpholinepropanesulfonic acid-buffered 
Listeria enrichment broth were transferred to two agar 
media: CHROMagar Listeria (CHROMagar, Paris, France) 
and modified Oxford Listeria selective agar (Difco, BD) 
containing modified Oxford antimicrobic supplement (Difco, 
BD). Suspect Listeria colonies were isolated on sheep blood 
agar plates (Difco, BD) and the Listeria genus and species 
were confirmed by using matrix-assisted laser desorption–
ionization time of flight (Daltonics Microflex LT, Bruker 
Corporation, Boston, MA) mass spectrometry.

All five Listeria monocytogenes isolates recovered for this 
project were submitted for whole-genome sequencing at 
the State Hygienic Lab (Table 1). Sequencing material and 
methods are given in the following.

DNA isolation
DNA isolation was performed on a QIAcube (Qiagen, 

Hilden, Germany) instrument by using the QIAamp DNA 
Mini Kit (catalog #51306, Qiagen) according to the man-
ufacturer’s protocol. Prior to loading bacterial cells on the 
instrument, an enzymatic digestion was performed by using 
lysozyme (20 mg/mL; catalog #L4919, Millipore Sigma, St. 
Louis, MO) and RNase A (11 ng/μL final concentration; 
catalog #19101, Qiagen). DNA was eluted in 100 L of 10 
mM Tris HCl, pH 8. DNA concentrations were measured 
on a Qubit 3.0 Fluorometer (Thermo Fisher Scientific Inc., 
Waltham, MA) by using the Qubit dsDNA BR Assay Kit 
(catalog #Q32853, Thermo Fisher Scientific Inc.).

Library preparation and sequencing
Libraries were prepared by using the Illumina Nextera 

XT DNA Library Prep Kit (catalog #FC-131-1096) and 
Nextera XT Index Kit v2 (catalog #FC-131-2003, Illumina 
Inc., San Diego, CA) following the FDA Center for Food 
Safety and Applied Nutrition protocol “Nextera XT Library 
Preparation for Sequencing on a MiSeq” (29). Libraries 
quality were inspected by using the Qubit dsDNA HS 
Assay Kit (catalog #Q32854, Thermo Fisher Scientific Inc., 
Waltham, MA) and the Agilent Bioanalyzer High Sensitivi-
ty DNA kit (catalog #5067-4626, Agilent Technologies Inc., 
Waldbronn, Germany). Libraries for Listeria were pooled 
together with other bacterial libraries to reach a total of 160 
Mb per run and sequenced on an Illumina MiSeq instru-
ment (Illumina Inc.) for 2 × 250 cycles by using a MiSeq 
Reagent Kit v3 (catalog #MS-102-3003, Illumina Inc.).
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Sequence data analysis
Overall run quality was evaluated with the Illumina 

Sequencing Analysis Viewer v.1.9.1 software (Illumina 
Inc.) and FastQ files were inspected with FastQC v.0.11.3 
(Babraham Institute, Cambridge, UK). Good-quality 
sequences were shared with the FDA GenomeTrakr 
Network via BaseSpace (Illumina Inc.). Raw sequence data 
were submitted to the National Center for Biotechnology 
Information (U.S. National Library of Medicine, Bethesda, 
MD) Pathogen Detection database (50) (see Table 1 for 
biosample numbers). Data were automatically analyzed 
through the Pathogen Detection pipeline, which includes 
single nucleotides polymorphism (SNP) comparisons 
to find clusters of closely related isolates. Isolates were 
placed in clusters by single-linkage clustering, with a 
maximum 50 SNPs distance. SNP clusters to which this 
study’s isolates belong can be visualized on the Pathogen 
Detection Web page (Table 1) (50). To obtain an overview 
of relationship between the five isolates, analysis was 
also performed by using a reference-free whole-genome 
sequencing bioinformatics pipeline (30) (Utah Public 
Health Laboratory, Salt Lake City, UT) as implemented on 
the Google Virtual Machine at the Colorado Department of 
Public Health and Environment (Denver, CO).

Environmental assessment
For insight into retail deli practices and environmental 

data, a Listeria self-assessment form was developed and 
pilot tested twice, prior to use. The assessment form was 
a modified version of the Listeria monocytogenes deli self-

assessment tool (46). All inspectors collecting data used the 
assessment tool; however, each was first trained on how to 
use it. In addition, “mark-up” instructions were provided to 
assure consistency in completion. One example illustrating 
the detail and clarity of these instructions is as follows:

Item: RTE meat or poultry products refrigerated promptly 
after use. Mark-up instructions: This item must be marked 
YES or NO based on direct observations. The item must be 
marked YES when the regulatory authority determines that 
RTE products are promptly returned to refrigerated units 
after slicing. This item may be marked NOT OBSERVED 
when the establishment is not working with RTE products. 
Promptly refrigerated after use means: a food product is 
not left unattended when the food employee changes task 
unless the task only creates a brief interruption before 
returning to the product such as serving a retail customer.

Data analysis was conducted by using SPSS (version 23, 
IBM Corporation, Armonk, NY) software. Descriptive 
statistics (mean and standard deviation) were calculated. For 
comparison purposes, the federal retail deli data set related 
to adherence of eight recommendations was obtained from 
the presentation “Listeria Controls at Retail: Nationwide 
Surveillance Results” (17). To compare differences between 
delis on the basis of size and location, retail delis were 
divided into two groups: small retail delis and large retail 
delis. Small delis were defined as those with less than 10 
stores in the brand, and large were those with 10 or more 
stores in the brand. Frequency statistics and t-tests were 

TABLE 1. Listeria monocytogenes sequence information from the National Center for 
Biotechnology Information (NCBI) Pathogen Detection database (50)

NCBI biosample Retailer Location
SNP cluster 

identification

No. of 
isolates 

in cluster

SNP  range 
in cluster

SNP distance 
to closest 

environmental 
isolate

SNP 
distance 

to closest 
clinical 
isolate

Collection 
date range 

within 
cluster

SAMN08437793 A Deli case 
girding PDS000025424 2 1–1 (1) 1 NAa 2018

SAMN08437795 B Slicer control 
meat PDS000025424 2 1–1 (1) 1 NA 2018

SAMN08437792 C Deli slicing 
table PDS000003255 31 0–59 (14) 1 3 2014–2018

SAMN08438037 D
Meat 

department 
floor drain

PDS000003204 126 0–83 (35) 11 11 2013–2019

SAMN08437794 D
Cutting 

board on 
floor

PDS000000366 1,109 0–108 (41) 22 20 2013–2019

aNA, not applicable.
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performed to compare the percentage of adherence of each 
eight recommendations between small and large retail 
delis. Analysis was also done on the basis of location of 
the delis: rural versus urban. Rural areas were defined as 
having a population less than 50,000, and urban areas were 
defined as having a population of 50,000 people or more 
(44). Frequency statistics and t-tests were performed to 
compare the percentage of adherence to each of the eight 
recommendations between retail delis located in rural and 
urban areas.

RESULTS
Microbial results

In the final data collection activity, a total of 385 microbial 
samples were collected in selected Iowa retail deli operations 
(Table 2). We collected 286 (74.3%) of 385 microbial 
samples in small deli operations, and 99 (25.7%) of 385 
samples were collected in large deli operations. These samples 
were taken from food contact surfaces or surfaces adjacent 
to food contact surfaces (zones 1 or 2) in the operations, 
including slicer (n = 139, 36.1%), deli case (n = 67, 17.4%), 
and meat scale (n = 50, 13.0%). Of the total microbial 
samples (n = 385), only three (0.8%) samples were positive 

for L. monocytogenes and one sample was positive for L. 
welshimeri. Of these three positive L. monocytogenes samples 
(Table 3), one sample was located within a large operation 
(meat slicer control) and two samples in two different small 
operations (interior surface of the deli case samples and meat 
slicer table).

A corrective action sampling assignment was conducted 
at all small retail delis that had a confirmed positive for 
Listeria monocytogenes or Listeria species. Listeria species 
detection is often used by the food industry as an indication 
that conditions may exist for the presence and growth of 
L. monocytogenes (31). In addition, the regulatory agency 
performed corrective action samples because smaller 
operations may not have the resources to conduct a full 
environmental sampling of the deli area. The regulatory 
agency collected between 30 and 40 samples at three 
operations that were previously sampled during the final 
sample assignment. The sample collection was conducted 
with a complete sample team of three inspectors (scribe, 
sampler, and helper). Another difference between this 
corrective action sampling and the final sampling was the 
sampling zones. During the final data collection, all samples 
were predominately collected in zone 1. The corrective action 

TABLE 2. Deli characteristics, samples, and Listeria monocytogenes results 

Characteristic n (of 385 samples) (%)

Deli size
Small 286 74.3
Large 99 25.7
Total 385 100.0

Sample location
Cutting board/prep table 45 11.7
Deli case 67 17.4
Magnetic board 19 4.9
Meat scale 50 13.0
Reach in cooler 14 3.6
Slicer 139 36.1
Walk-in cooler 43 11.2
Knife hilt 5 1.3
Rolling carts or racks 3 0.8
Total 385 100.0

Confirmed Listeria monocytogenes results
Negative 382 99.2
Positive 3 0.8
Total 385 100.0
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FIGURE 1. Randomized Axelerated Maximum Likelihood phylogenetic tree generated by the reference-free pipeline (30).  
Tree scale = substitution per site.

TABLE 3. Listeria monocytogenes sample results and retail deli operation sizea

Confirmed L. monocytogenes results Retail deli size:

Small % Large %
Negative 284 99.3 98 99.0
Positive 2 0.7 1 1.0
Total 286 100 99 100 385

aThe total number of samples was 383. 

sampling included zones 1, 2, and 3, and the majority of 
positive Listeria samples were collected from zone 3. During 
the corrective action sample event, the three retailers (A 
through C) that had the L. monocytogenes-positive samples 
from the original sample assignment did not have any 
positive Listeria species or L. monocytogenes found. On the 
other hand, the fourth retailer (D) that had L. welshimeri 
during the final sample event had two different sites positive 
for L. monocytogenes (meat department floor drain and 
cutting board on the floor) during the corrective actions 
samples, as shown in Table 4. In addition, L. welshimeri and 
Listeria innocua were also found in retailer D samples from 
the meat department drain and hallway floor, respectively.

Sequence results
All five Listeria monocytogenes samples from both sam-

pling assignments were sequenced. The phylogenetic tree 
shows close relationship of two of the five L. monocytogenes 
sequenced (Fig. 1). This result is confirmed by the placement 
of the two isolates (SAMN08437793 and SAMN08437795) 

within the same cluster PDS000025424 in the U.S. National 
Library of Medicine Pathogen Detection database (as of 
January 2019) (50). The isolates, collected in two distinct 
facilities (A and B), differed by only one SNP, indicating 
a potentially common source of contamination at both 
locations. Furthermore, there were no other isolates within 
cluster PDS000025424, showing that this strain is infrequent 
in the environment.

The three other isolates (SAMN08437792, SAMN08438037, 
and SAMN08437794), collected in facilities C and D, were each 
placed in a different cluster (Table 4). This suggests independent 
sources of contamination for all three isolates, with facility D 
being contaminated by more than one strain.

Isolate SAMN08437794, collected from a cutting board on 
floor in facility D, belongs to the large cluster PDS000000366 
(1,109 national isolates total). The closest environmental 
isolate to SAMN08437794 was collected in Canada in 2018 
from raw poultry product (22 SNP distance apart), while 
20 SNPs differentiated it from the closest clinical isolate 
(United States 2018). Isolate SAMN08438037 from the meat 
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TABLE 4. Listeria culture positive result summary during sampling events by retailer

Final sampling event: Corrective action sampling event:

Species results Positive result 
sample location

Sampling 
zone Listeria species results Positive result 

sample location
Sampling 

zone
   A L. monocytogenes Deli case 2 None found None found 1–3

   B L. monocytogenes Slicer 1
No corrective action 
necessary; retailer replaced 
slicer

   C L. monocytogenes Slicer tablea 1 L. welshimeri Mop bucket 
wheel 3

   D L. welshimeri Knife holderb 2 L. monocytogenes and  
L. welshimeri

Meat 
department 
floor drain

3

   D L. monocytogenes Cutting board 
on floor 2

   D L. innocua Hallway floor 3

aSlicer table was sampled during corrective action sampling and was negative for Listeria species.
bKnife holder was sampled during corrective action sampling and was negative for Listeria species.

department floor drain at retailer D was included in cluster 
PDS000003204 (127 isolates total). It was 11 SNPs apart 
from the closest environmental isolate (food contact surface, 
Missouri 2017) and the closest clinical isolate (United States 
2016). Isolate SAMN08437792 recovered from a deli-slicing 
table in facility C belonged to cluster PDS000003255 (31 
isolates). This isolate’s closest relatives (one SNP distance) 
were environmental isolates collected in Canada and the 
United States from food, cantaloupe, RTE product and raw 
meat (2014 to 2018). The closest clinical isolate (three SNP 
distance) was collected in 2015 in Canada.

Environmental assessment results
In terms of adhering to eight of the most important 

recommended actions identified by the USDA FSIS 
“retail L. monocytogenes guidance” (Table 5), only 12 
operations (21.1%) were reported adhering to all eight 
recommendations as compared with FSIS Pilot Project 
Results (fiscal year 2016 to 2018; n = 58 delis in Iowa, 
38.0%) (46). For the current study, the majority of 
participating operations in Iowa (n = 34, 59.7%) adhered 
to at least seven of the eight recommendations. The fourth 
recommendation, cover, wrap, or otherwise protect all 
opened RTE meat or poultry products when not in use to 
prevent cross-contamination (FDA Food Code), had the 
highest adherence among deli operations (n = 56, 98.0%). 
On the other hand, the third recommendation, do not 
prepare, hold, or store RTE meat or poultry products near 

or directly adjacent to raw products in the deli case, was least 
likely for the operations to adhere to (n = 30; 53.0%; see 
Table 6).

Additionally, in the comparison of adherence to each 
of the eight recommendations between the selected delis 
in Iowa data set and federal data set (Table 6), Iowa had a 
higher percentage of adherence to the recommendation to 
promptly cover the RTE products (n = 56, 98%) as compared 
with the national data set (n = 3,375, 87.5%). On the other 
hand, the adherence percentage to the remaining seven 
recommendations were higher for the federal rather than the 
Iowa data set used in this study.

Of the 57 operations, a breakdown by location and size was 
as follows: 35 were small and located in rural areas, 8 were 
small and located in urban areas, 9 were large and located in 
rural areas, and 5 were large located in urban areas. In terms 
of adhering to the eight recommendations by retail deli oper-
ation size (Table 7), large retail deli operations had 100% (n 
= 14) adherence to two recommendations: eliminate visibly 
adulterated product (P = 0.011) and refrigerate RTE meal or 
poultry products promptly (P < 0.001). However, small deli 
operation only had 100% (n = 43) adherence for one recom-
mendation; cover, wrap, or otherwise protect all opened RTE 
(P < 0.001). As compared with small delis, large delis had 
higher adherence for all eight recommendations, except for 
adhering to covering, wrapping, and protecting all opened 
RTE (n = 13, 92.9%). Among the eight recommendations, 
adherence to the recommendation related to not preparing, 

Retailer
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TABLE 5. Summary number of Iowa retail deli operations and adherence of the eight 
recommendations of the USDA FSIS retail Listeria monocytogenes guidance 

Adherence to eight recommendations na % 

8 of 8 12 21.1
7 of 8 22 38.6
6 of 8 11 19.3
5 of 8 8 14.0 
4 of 8 2 3.5 
3 of 8 1 1.7
2 of 8 1 1.7
1 of 8 0 0

an = number of deli operations in compliance; the total number of deli operations studied (N = 57).

TABLE 6. Summary adherence of eight recommendations of the USDA FSIS retail 
Listeria monocytogenes guidance with Iowa compared with national retail 
deli operations

Recommendation Iowa (n = 57) USDA FSISa (n = 3,844)

n % n %

Eliminate visibly adulterated product 53 93.0 3,844 99.7
Refrigerate RTE meat or poultry products promptly 49 86.0 3,735 96.7

Do not prepare, hold, or store RTE meat or poultry products 
near or directly adjacent to raw products in the deli case 30 53.0 3,424 88.8

Cover, wrap, or otherwise protect all opened RTE food 56 98.0 3,375 87.5

Ensure that sanitary conditions (e.g., no flies, rodent droppings, 
mold, or dirty surfaces) are present where RTE meat and 
poultry products

44 77.0 3,726 96.6

Clean and sanitize equipment used to process RTE products at 
least every 4 h 45 79.0 3,236 83.9

Eliminate facility conditions in the deli area or storage area that 
could cause the products to become adulterated 50 88.0 3,768 97.7

Ensure that deli employees handling RTE products wear 
disposable gloves 42 73.6 3,733 96.8

aNational data source, see (17).

holding, and storing products near or directly adjacent to 
raw products was the lowest for both small (n = 22, 51.2%) 
and large (n = 8, 57.1%) deli operations; this is of particular 
concern, given the potential for cross-contamination.

In the comparison to adherence to each of eight recom-
mendation between delis located in rural and urban areas 
(Table 7), it was found that all delis located in rural areas  

(n = 44, 100%) adhered to the recommendation to cover, 
wrap, or otherwise protect all opened RTE foods. However, 
all delis located in urban areas (n = 13,100%) adhered to the 
recommendation to clean and sanitize equipment used to 
process RTE products at least every 4 h. Both retail delis in 
the rural (n = 24, 54.5%) and urban (n = 6, 46.2%) areas least 
adhered to the “do not prepare, hold, or store RTE meat or 
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TABLE 7. Summary adherence of eight recommendations of the USDA FSIS retail  
Listeria monocytogenes guidance by retail deli operation size and location area

Recommendation Retail deli size: Retail deli location:

Small Large
P-value

Rural Urban
P-value(n = 43) (n = 14) (n = 44) (n = 13)

n % n % n % n %

Eliminate visibly adulterated product 39 90.7 14 100.0 0.011*a 41 93.2 12 92.3 0.833

Refrigerate RTE meat or poultry products 
refrigerated promptly after use 35 81.4 14 100.0 <0.001* 37 84.1 12 92.3 0.275

Do not prepare, hold, or store RTE meat 
or poultry products near or directly 
adjacent to raw products in the deli case

22 51.2 8 57.1 0.388 24 54.5 6 46.2 0.934

Cover, wrap, or otherwise protect all 
opened RTE 43 100.0 13 92.9 <0.001* 44 100.0 12 92.3 <0.001*

Ensure that sanitary conditions (no flies, 
rodent droppings, mold, or dirty surfaces) 
are present where RTE meat and poultry 
products

31 72.1 13 92.9 <0.001* 33 75 11 84.6 0.118

Clean and sanitize equipment used to 
process RTE products at least every 4 h 32 74.4 13 92.9 0.006* 32 72.7 13 100.0 <0.001*

Eliminate facility conditions in the deli 
area or storage area that could cause the 
products to become adulterated

37 86.0 13 92.9 0.164 39 88.6 11 84.6 0.460

Ensure that deli employees handling RTE 
products wear disposable gloves 29 67.4 13 92.9 0.001* 31 70.5 11 84.6 0.155

a*Significant α at < 0.05.

poultry products near or directly adjacent to raw products 
in the deli case” recommendation, but the difference was 
not significant.

DISCUSSION
Recognizing that microbial sampling was limited to zones 

1 and 2, the findings of this study revealed that the slicer table 
and deli case interior were three sample points in retail delis 
that were positive for L. monocytogenes. Specifically, one of 
these sample points (deli case interior) was located within a 
small operation, and one sample point (slicer control) was 
located within a large chain operation. Other studies also 
reported that the meat slicers in retail deli operations were 
the main areas for cross-contamination and the growth of L. 
monocytogenes because slicers have a complex structure that 
make them hard to clean (15, 21, 24, 33). Also, it is reported 
that slicers have many components, such as blade guards and 
slicer handles, which are linked by seams and seals, and due 
to continued use, these seals can degrade, allowing debris 

to become trapped in these areas over time, promoting 
permissible growth conditions for L. monocytogenes (23, 34).

Listeria welshimeri was found at one retailer (D) during 
the final sampling assignment. Orsi and Wiedmann (31) 
suggested that the finding of other Listeria species that can 
also grow at refrigerator temperatures (e.g., L. welshimeri) 
maybe indicative for conditions that would also support 
the growth of the pathogenic L. monocytogenes. This was 
indeed the case for this retailer when during the corrective 
sampling event at this facility: two different sites were 
found to be positive for L. monocytogenes. In addition, 
L. welshimeri and L. innocua were also isolated from two 
other sites. This retailer would not have been aware of the 
potential public health problem with the discovery of L. 
monocytogenes, if it had not been for this environmental 
monitoring project. This retailer adhered to six of the eight 
FDA guidelines; the two out of adherence were preparing, 
holding, and storing RTE products near raw products and 
cleaning and sanitizing equipment.
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Cleaning and sanitizing are essential to preventing the 
spread of bacteria. Listeria monocytogenes can survive on 
various surfaces, including stainless steel, which is a com-
mon food contact and non-food contact surface in retail deli 
operations a (e.g., slicers, working tables, and carts). Listeria 
monocytogenes has an ability to persist in biofilms; it is this 
biofilm that protects the microorganisms (9). Microorgan-
isms that have biofilms are hard to destroy because of their 
resistance to sanitizers (32). Sanitizer resistance (sanitizer 
tolerance) is an important survival strategy of these patho-
genic microorganisms (e.g., Listeria) (1, 27, 41). Retail 
delis generally used quaternary ammonium compounds as 
sanitizers (43). However, the effectiveness of these sanitizers 
to eliminate pathogens, such as L. monocytogenes, could be 
reduced with the presence of organic residue due to improper 
cleaning or biofilm formation of the microorganism (32). 
Therefore, it is important to reinforce proper cleaning and 
sanitizing to prevent the growth of L. monocytogenes within 
retail deli establishments. With the ability of Listeria to exist 
in biofilms, it is recommended that the sanitizers used in 
the retail deli operations be rotated over time, as noted in 
the USDA FSIS best practices guidance, “rotate sanitizers as 
needed to provide more effective bacterial control” (46).

This study compared adherence to the USDA eight 
recommendations between selected participating retail delis 
in Iowa with federal data specifically for Iowa (17). When 
assessing compliance solely related to overall compliance with 
all eight recommendations, findings were different. On the 
basis of federal data results (17), there were 58 (38%) retail 
delis in Iowa adhering to all eight recommendations; however, 
for the current study, only 12 (21.1%) retail delis in Iowa were 
found adhering to all eight recommendations. As compared 
with the national federal data, the assessed Iowa delis had 
lower compliance with seven of the eight recommendations 
except the recommendation to cover, wrap, or otherwise 
protect all opened RTE foods. Although we did not directly 
study the relationship, one possible explanation for a lower 
compliance rate may be in the rigor of the methods used for 
this study. Inspectors received intense training and “mark-up” 
instructions to make certain that their evaluations were as 
accurate as possible when completing the assessment. Thus, 
the Iowa dataset may be more reliable because confirmation of 
observations was done. In addition, when observation was not 
possible (e.g., the observer was not in the facility for 4 h), deli 
managers and/or employees were questioned.

With regard to the USDA FSIS eight recommendations, 
large retail deli operations in Iowa had a higher percentage as 
compared with small deli operations in Iowa. This finding is 
similar with previous studies that found both chain and larger 
establishments’ food safety practices had better compliance 
than those of independent and smaller establishments. 
Researchers have noted that chain establishments may 
be more likely to have tested and verified operational 
procedures, and they may have better resources, equipment, 

and staffing (3–5). Overall comparison of Iowa delis located 
in rural areas as compared with more urban areas revealed 
those in rural areas had lower compliance with four of the 
eight recommended practices. Further study of differences 
between locations of deli may be warranted, although size 
and location may be linked. More investigation is needed to 
determine the main causes of these differences in safe food 
handling practices in Iowa. Additionally, given the limitation 
of sample size and unequal distribution by location and size, 
further statistical analysis was not done. Therefore, future 
studies with larger samples could substantiate the trends 
presented in this study.

This study assessed the presence of Listeria monocyto-
genes in zones 1 and 2 during hours when delis were open 
for business. Although the presence of L. monocytogenes in 
zones 1 and 2 in sampled Iowa retail delis was relatively low, 
additional sampling in zone 3 may have revealed different 
findings, as was observed in the corrective action sampling. 
Because zones 3 and 4 may not be cleaned and sanitized to 
the same degree as zones 1 and 2, incorporating these zones 
into sampling procedures for future studies is needed.

Overall, adherence to all best practice guidance was fol-
lowed by few of the sampled delis, and compliance in Iowa 
appeared to be lower than that for the nation. However, over 
half of the Iowa facilities adhered to six or more of the eight 
recommended practices, which could have been the reason 
for the low prevalence of L. monocytogenes. Further studies 
are needed to confirm this observation. Environmental moni-
toring similar to what is required for RTE food processing es-
tablishments may be one strategy for continual enforcement, 
awareness, and detection of L. monocytogenes in the retail deli 
environment (47). The FDA recommends that food proces-
sors introduce an environmental monitoring program into 
their operations. Food processors have several other control 
measures to consider when trying to mitigate the presence of 
Listeria in their facilities. These control measures, as well as 
implementing an environmental monitoring program, may 
be useful to retail deli operators. The FDA guidance provides 
processors different strategies for environmental monitoring 
along with sampling considerations and suggestions on writ-
ten procedures. The guidance also outlines corrective actions 
that may be taken in the case of positive L. monocytogenes 
detection. Although the guide is focused on processors, retail 
delis could gain valuable insight and procedures to control  
L. monocytogenes in their establishments.
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