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➢SCOPE OF THE PROBLEM

oWHERE ARE WE WHEN IT COMES TO LISTERIA IN DAIRY?

oWHY IS LISTERIA PROBLEMATIC IN DAIRY INDUSTRY?

➢ENVIRONMENTAL MONITORING FOR LISTERIA (EML)

o HOW TO ADDRESS POSITIVES?

oWHAT DOES NEW FDA DRAFT GUIDANCE ON LISTERIA SAY?

➢TAKE HOME MESSAGE

Outline
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Where are we when it comes to Listeria in dairy?
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https://www.cdc.gov/listeria/outbreaks/index.html



➢ At a Glance:

o Case Count: 6

o States: 4

o Deaths: 2

o Hospitalizations: 6

o Recall: Yes

➢ Epi and lab evidence indicates source 
to be soft raw milk cheese made by 
Vulto Creamery of Walton, New York

➢ Cheeses were distributed nationwide, 
with most being sold at retail in 
California, Chicago, Portland, Oregon, 
and Washington, D.C.
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2017 Listeriosis outbreak - Vulto Creamery Soft Raw Milk Cheese

https://www.cdc.gov/listeria/outbreaks/soft-cheese-03-
17/index.html

https://www.cdc.gov/listeria/outbreaks/soft-cheese-03-17/epi.html
https://www.cdc.gov/listeria/outbreaks/soft-cheese-03-17/map.html
https://www.cdc.gov/listeria/outbreaks/soft-cheese-03-17/advice-consumers.html


➢ At a Glance:

o Case Count: 2

o States: 2

o Deaths: 1

o Hospitalizations: 2

o Recall: No

➢ Raw milk produced by Miller's Organic 
Farm in Pennsylvania, was the likely source 

➢ Two illnesses seen in 2014 

➢ Connected to raw milk on January 29, 2016 
using whole genome sequencing (WGS) 

o Close genetic relatedness of L. monocytogenes 
(Lm) in raw chocolate milk from Miller’s 
Organic Farm and Lm from patients
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2016 Listeriosis outbreak – Raw milk from Miller’s Organic Farm

https://www.cdc.gov/listeria/outbreaks/raw-milk-03-
16/index.html

https://www.cdc.gov/listeria/outbreaks/raw-milk-03-16/map.html


➢ At a Glance:

o Case Count: 30

o States: 10

o Deaths: 3

o Hospitalizations: 28

o Recall: Yes

➢ Lm from environmental 
samples closely related to Lm 
from ill people
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2015 Listeriosis outbreaks – Soft cheeses and ice cream

https://www.cdc.gov/listeria/outbreaks/soft-cheeses-09-15/index.html

Soft Cheeses Distributed by Karoun Dairies, Inc.

➢ At a Glance:

o Case Count: 10

o States: 4

o Deaths: 3

o Hospitalizations: 10

o Recall: Yes

➢ Complex multistate outbreak investigation of listeriosis 
cases occurring from 2010 to 2014 using WGS

➢ Linked to ice cream, frozen yogurt, sherbet and frozen 
snacks

Blue Bell Creameries Ice Cream

https://www.cdc.gov/listeria/outbreaks/soft-cheeses-09-15/epi.html
https://www.cdc.gov/listeria/outbreaks/soft-cheeses-09-15/map.html
https://www.cdc.gov/listeria/outbreaks/soft-cheeses-09-15/advice-consumers.html
https://www.cdc.gov/listeria/outbreaks/ice-cream-03-15/epi.html
https://www.cdc.gov/listeria/outbreaks/ice-cream-03-15/map.html
https://www.cdc.gov/listeria/outbreaks/ice-cream-03-15/advice-consumers.html
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Advances in technology allowed…

Development of 
genotyping methods to  
identify diseases faster

e.g. Multilocus sequence typing (MLST)
Whole genome sequencing (WGS)

Better tracing of 
contamination sources

e.g. WGS in outbreak investigation, 
contamination investigations

Identifying new genes 
and their roles

e.g. Use of WGS, molecular 
manipulations (insertions/deletions) 
to assess function, RNAseq

Tackling AMR, mutations and 
sharing of genetic material 

e.g. Sequencing 
genomic content in 
environmental 
sources, foods



Why is Listeria 
monocytogenes 
(Lm) problematic 
in dairy?
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Listeria background

➢17 species1

o L. monocytogenes 
(Lm)

▪ listeriosis in 
humans and 
animals

o L. ivanovii

▪ listeriosis in 
animals

_____________________________________________
1Weller et al., 2015. Int. J. Syst. Evol. Microbiol 65:286

2014-2015
L. fleischmannii
L. newyorkensis
L. acquatica
L. floridensis
L. cornellensis
L. grandensis
L. weihenstephanensis
L. riparia
L. booriae

Fig 1. Phylogeny of Listeria spp. Adapted from Cossart (2011; 
PNAS 108:19484-91).
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Lm contamination routes

Natural 
environment

Food processing 
environment

Ready-to-eat 
food

Human 
host



Why is Lm problematic?

12

➢Because of its ubiquity and hardiness... 

o If you build a food production plant, Lm will 
contaminate it



Environmental sources of Listeria spp. in Vermont
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______________________________________________________________

Klausner and Donnelly, 1991. J Food Prot. 54, 607-611.

➢ 34 dairy processing plants in Vermont sampled



➢ Complex reservoir indirectly 
influencing finished products

➢ What are potential 
reservoirs?

FPE* as a microbial reservoir

Farber, 2010. BCFPA presentation.

o Raw materials 

▪ Recurring introduction of new 
microorganisms

o Personnel

▪ Fecal (coliform, enterococci, 
pathogens)

▪ Nasal, skin (Staphylococcus aureus)

▪ Hair

▪ Ill and asymptomatic employees

• Viruses (Norovirus, Hepatitis)
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o Water

o Production environment

▪ Food contact surfaces (FCS)

▪ Floors, drains, utensils

▪ Production equipment

• Fork lifts, hydraulic hand lifts, mats

*FPE, food processing environment.
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Soft ripened cheese (SRC) caused over 130 foodborne illnesses in British Columbia (BC), Canada, during 
two separate listeriosis outbreaks. Multiple agencies investigated the events that lead to cheese 
contamination with Listeria monocytogenes (L.m.), an environmentally ubiquitous foodborne pathogen. 
In both outbreaks pasteurized milk and the pasteurization process were ruled out as sources of 
contamination. In outbreak A, environmental transmission of L.m. likely occurred from farm animals to 
personnel to culture solutions used during cheese production. In outbreak B, birds were identified as 
likely contaminating the dairy plant’s water supply and cheese during the curd-washing step. Issues 
noted during outbreak A included the risks of operating a dairy plant in a farm environment, potential 
for transfer of L.m. from the farm environment to the plant via shared toilet facilities, failure to clean 
and sanitize culture spray bottles, and cross-contamination during cheese aging. L.m. contamination in 
outbreak B was traced to wild swallows defecating in the plant’s open cistern water reservoir and a 
multibarrier failure in the water disinfection system. These outbreaks led to enhanced inspection and 
surveillance of cheese plants, test and release programs for all SRC manufactured in BC, improvements 
in plant design and prevention programs, and reduced listeriosis incidence.
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Soft ripened cheese (SRC) caused over 130 foodborne illnesses in British Columbia (BC), Canada, during 
two separate listeriosis outbreaks. Multiple agencies investigated the events that lead to cheese 
contamination with Listeria monocytogenes (L.m.), an environmentally ubiquitous foodborne pathogen. 
In both outbreaks pasteurized milk and the pasteurization process were ruled out as sources of 
contamination. In outbreak A, environmental transmission of L.m. likely occurred from farm animals to 
personnel to culture solutions used during cheese production. In outbreak B, birds were identified as 
likely contaminating the dairy plant’s water supply and cheese during the curd-washing step. Issues 
noted during outbreak A included the risks of operating a dairy plant in a farm environment, 
potential for transfer of L.m. from the farm environment to the plant via shared toilet facilities, 
failure to clean and sanitize culture spray bottles, and cross-contamination during cheese aging. L.m. 
contamination in outbreak B was traced to wild swallows defecating in the plant’s open cistern water 
reservoir and a multibarrier failure in the water disinfection system. These outbreaks led to enhanced 
inspection and surveillance of cheese plants, test and release programs for all SRC manufactured in BC, 
improvements in plant design and prevention programs, and reduced listeriosis incidence.
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Soft ripened cheese (SRC) caused over 130 foodborne illnesses in British Columbia (BC), Canada, during 
two separate listeriosis outbreaks. Multiple agencies investigated the events that lead to cheese 
contamination with Listeria monocytogenes (L.m.), an environmentally ubiquitous foodborne pathogen. 
In both outbreaks pasteurized milk and the pasteurization process were ruled out as sources of 
contamination. In outbreak A, environmental transmission of L.m. likely occurred from farm animals to 
personnel to culture solutions used during cheese production. In outbreak B, birds were identified as 
likely contaminating the dairy plant’s water supply and cheese during the curd-washing step. Issues 
noted during outbreak A included the risks of operating a dairy plant in a farm environment, potential 
for transfer of L.m. from the farm environment to the plant via shared toilet facilities, failure to clean 
and sanitize culture spray bottles, and cross-contamination during cheese aging. L.m. contamination in 
outbreak B was traced to wild swallows defecating in the plant’s open cistern water reservoir and a 
multibarrier failure in the water disinfection system. These outbreaks led to enhanced inspection and 
surveillance of cheese plants, test and release programs for all SRC manufactured in BC, improvements 
in plant design and prevention programs, and reduced listeriosis incidence.
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Point source contamination - 2002 listeriosis outbreak in 
BC, Canada

________
McIntyre et al., 2015. BioMed Res. Internat. http://dx.doi.org/10.1155/2015/131623



Why is Lm problematic?
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➢Growth temperature:  31 to 113oF or -0.4 to 45oC

Table 1. Generation times for L. monocytogenes.1

➢Heat resistant?

▪ No…

• Does not survive pasteurization

• Depends on strain, environment, previous heat 
shock

Temperature (oC/oF) 0 to 1oC
32 to 34oF

4 to 5oC
39 to 41oF

9 to 10oC
48 to 50oF

Time (h) 62 - 131 13 - 25 5 - 9

______________________________________________________________

1Walker et al., 1990. J Appl. Bacteriol. 68, 157-162.



Why is Lm problematic?
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➢ What about salt resistance? 

o One of the most halotolerant
foodborne pathogens2,3

▪ Grows at 10% (w/v) NaCl

▪ Survives at 40% (w/v) NaCl

➢ Water activity required for 
growth2

o About 0.92

➢ What about pH?

o Will grow at 4.3 to 9.4

o Most food adjusted between 4-5 

▪ Pathogen control

▪ Clostridium botulinum

____________________________________________________________________________________

2Health Canada, 2011; 3Liu et al., 2005. FEMS Microbiol. Lett. 15,243.
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Listeriosis disease

Fig 2. Listeria infectious process and dissemination in human body. Adapted from Lecuit, 2007. 

Crossing of the 
intestinal barrier

Multiplication in 
the liver

Invasion of the 
brain

Colonization of 
uterus and fetus

Healthy adults:
• mild gastroenteritis
NON-INVASIVE
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Listeriosis disease

Fig 2. Listeria infectious process and dissemination in human body. Adapted from Lecuit, 2007. 

Multiplication in 
the liver

Invasion of the 
brain

Immunocompromised adults: 
• mild gastroenteritis followed by septicemia, 

meningitis, endocarditis
INVASIVE
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Listeriosis disease

Fig 2. Listeria infectious process and dissemination in human body. Adapted from Lecuit, 2007. 

Colonization of 
uterus and fetus

Pregnant women: 
• mild gastroenteritis, flu-like but fatal or severe 

complications for fetus
INVASIVE
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Listeriosis disease

Fig 2. Listeria infectious process and dissemination in human body. Adapted from Lecuit, 2007. 

Pregnant women: 
• mild gastroenteritis, flu-like but fatal or severe 

complications for fetus
INVASIVE

Immunocompromised adults: 
• mild gastroenteritis followed by septicemia, 

meningitis, endocarditis
INVASIVE
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Lm stress response

Antibiotic resistance  
Sanitizer resistance10 to 20% salt

122oF

31oF

pH 4 to 9.6

Fig 3. Schematic representation of L. monocytogenes stress-response 
mechanisms (Hill et al., 2002).  
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➢ Environmental contamination

o Post-processing contamination

▪ Slicers

▪ Conveyor belts

▪ Non-food contact surfaces (non-FCS)

• Drains, chillers, condensate, aerosols

o Persistence of strains

▪ Biofilms

➢ Employee hygiene

➢ Raw materials

▪ Cross-contamination

▪ Materials from unsafe sources/suppliers

• e.g. pasteurized milk vs. raw milk cheese

How does Lm end up in food?

26

(A) And (B) from Farber, 2010. 
BCFPA presentation.

A

B

C



You decide to 
implement EML in 
your plant…

(To verify preventive 
controls)

Photo: Creative Commons/Myrabella
https://commons.wikimedia.org/wiki/User:Myrabella



➢ Goals

o Verify effectiveness of control programs for Lm

o Find Lm and niches/harborage sites

o Effective elimination of Lm through appropriate corrective 
actions

➢ Design

➢ Corrective actions 

o Food contact surfaces (FCS)

o Non-food contact surfaces (non-FCS)

➢ Analysis of data for trends

-28-

EML to verify effective control

___________________
FDA, 2017. https://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/ucm073110.htm
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EML program

Zone Concept

___________________
Kornacki, 2014. http://www.foodsafetymagazine.com/magazine-archive1/februarymarch-2014/an-environmental-
sampling-approach-to-product-risk-assessment/; 
FDA, Subchapter 4.3. Collection Technique.

ZONE 4

ZONE 2

Direct & 
Indirect Food 

Contact 
Surfaces (FCS)

ZONE 1

Conveyors, slicers, 
dicers, shredders, 
overhead pipes, cutting 
boards and tables, 
aprons and gloves, etc.

Surfaces adjacent to Zone 1. 
- Exterior of FCS equipment
- Sides of weight scales
- Lubricant points etc.

ZONE 3

Surfaces adjacent to 
Zone 2; in RTE areas. 
- Floors, walls
- Refrigeration units
- Drains
- Floor mats
- Forklifts, traffic 

pathways
- Piping, etc.

Outside RTE food 
processing areas.
- Offices, locker 
rooms, cafeteria, 
hallways, waste 
area, maintenance 
shops, warehouses, 
corridors of 
production areas. 

http://www.foodsafetymagazine.com/magazine-archive1/februarymarch-2014/an-environmental-sampling-approach-to-product-risk-assessment/


➢ Designed to give you an early warning if 
Listeria spp. are present in the environment

o Non-FCS
▪ Zone 2: Items above exposed product, equipment 

legs, framework, tank lids, control panels, 
conveyor parts, HVAC vents, floor mats at 
packaging

▪ Zone 3: RTE processing room floors, walls, 
surfaces, cleaning tools, floor scrubbers, forklifts, 
floor drains, ceiling drainpipes, wash stations, 
ingredients storage areas, transition rooms
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EML routine sampling – Zones 2 and 3

Scenario 1: 
Listeria spp. on a non-FCS

Scenario 2: 
Lm on a non-FCS

FDA (2017) 
recommends 
minimum 5 

FCS & 5 NFCS 
on each line!
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Scenario 1: Routine EML non-FCS sample

1st positive
- Clean & sanitize +ve site
- Retest site & surrounding area 
during next production cycle

All negative
- Continue production & 

routine monitoring

2nd positive

Foods support Lm growth Foods do NOT support Lm growth

1. Intensified cleaning and sanitizing; 
equipment disassembly

2. Intensified sampling and testing

1. Intensified cleaning and sanitizing
2. Intensified sampling and testing

All negative
- Continue production & routine monitoring

3rd positive
1. Root cause analysis
2. Escalate mitigation strategies
3. Expert consultation
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FDA recommended corrective actions – Listeria spp.

Non-FCS &
With growth

Non-FCS &
No growth

Routine sampling 
positive #1

• Clean & sanitize positive site
• Retest during next 

production cycle

Follow-up sampling 
positive #2

Follow-up sampling 
positive #3
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FDA recommended corrective actions – Listeria spp.

Non-FCS &
With growth

Non-FCS &
No growth

Routine sampling 
positive #1

• Clean & sanitize positive site
• Retest during next 

production cycle

Follow-up sampling 
positive #2

• Intensified cleaning & 
sanitizing; equipment 
disassembly

• Intensified sampling & 
testing

Follow-up sampling 
positive #3
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FDA recommended corrective actions – Listeria spp.

Non-FCS &
With growth

Non-FCS &
No growth

Routine sampling 
positive #1

• Clean & sanitize positive site
• Retest during next 

production cycle

Follow-up sampling 
positive #2

• Intensified cleaning & 
sanitizing; equipment 
disassembly

• Intensified sampling & 
testing

Follow-up sampling 
positive #3

• Root cause analysis
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FDA recommended corrective actions – Listeria spp.

Non-FCS &
With growth

Non-FCS &
No growth

Routine sampling 
positive #1

• Clean & sanitize positive site
• Retest during next 

production cycle

• Clean & sanitize positive 
site

• Retest during next 
production cycle

Follow-up sampling 
positive #2

• Intensified cleaning & 
sanitizing; equipment 
disassembly

• Intensified sampling & 
testing

Follow-up sampling 
positive #3

• Root cause analysis
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FDA recommended corrective actions – Listeria spp.

Non-FCS &
With growth

Non-FCS &
No growth

Routine sampling 
positive #1

• Clean & sanitize positive site
• Retest during next 

production cycle

• Clean & sanitize positive 
site

• Retest during next 
production cycle

Follow-up sampling 
positive #2

• Intensified cleaning & 
sanitizing; equipment 
disassembly

• Intensified sampling & 
testing

• Intensified cleaning & 
sanitizing

• Intensified sampling & 
testing

Follow-up sampling 
positive #3

• Root cause analysis



-37-

FDA recommended corrective actions – Listeria spp.

Non-FCS &
With growth

Non-FCS &
No growth

Routine sampling 
positive #1

• Clean & sanitize positive site
• Retest during next 

production cycle

• Clean & sanitize positive 
site

• Retest during next 
production cycle

Follow-up sampling 
positive #2

• Intensified cleaning & 
sanitizing; equipment 
disassembly

• Intensified sampling & 
testing

• Intensified cleaning & 
sanitizing

• Intensified sampling & 
testing

Follow-up sampling 
positive #3

• Root cause analysis • Root cause analysis
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Scenario 2 – Lm on non-FCS

___________________
FDA, 2017. https://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/ucm073110.htm

FDA (2017) 
recommends:

“…there is minimal value in determining 
whether Listeria spp. detected on non-
FCS is Lm.” [pg. 43]

You should eliminate Listeria spp. regardless of 
whether it is Lm!



What if FCS are 
positive?

Or

RTE food?
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EML routine sampling – Zone 1 or food

Scenario 3: 
Listeria spp. on a FCS

Scenario 4: 
Lm on a FCS

Scenario 5: 
Listeria spp. in food
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FDA recommended corrective actions – Listeria spp.

FCS &
With growth

FCS &
No growth

Routine sampling 
positive #1

• Clean & sanitize positive site
• Retest during next 

production cycle
• Conduct comprehensive 

investigation

Follow-up sampling 
positive #2

• Intensified cleaning & 
sanitizing; equipment 
disassembly

• Intensified sampling & 
testing

• Hold & test product
• Reprocess, divert or destroy 

product on hold if there is 
positive product

• Comprehensive investigation
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FDA recommended corrective actions – Listeria spp.

FCS &
With growth

FCS &
No growth

Routine sampling 
positive #1

• Clean & sanitize positive site
• Retest during next 

production cycle
• Conduct comprehensive 

investigation

Follow-up sampling 
positive #2

• Intensified cleaning & 
sanitizing; equipment 
disassembly

• Intensified sampling & 
testing

• Hold & test product
• Reprocess, divert or destroy 

product on hold if there is 
positive product

• Comprehensive investigation
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FDA recommended corrective actions – Listeria spp.

FCS &
With growth

FCS &
No growth

Follow-up sampling 
positive #3

• Stop production and consult 
experts for comprehensive 
investigation

• Intensified cleaning & 
sanitizing 

• Intensified sampling & 
testing

• Resume production with 
product hold & test until 3 
consecutive days of product 
and FCSs are negative

Follow-up sampling 
positive #4
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FDA recommended corrective actions – Listeria spp.

FCS &
With growth

FCS &
No growth

Routine sampling 
positive #1

• Clean & sanitize positive site
• Retest during next 

production cycle
• Conduct comprehensive 

investigation

• Clean & sanitize positive 
site

• Retest during next 
production cycle

• Conduct comprehensive 
investigation

Follow-up sampling 
positive #2

• Intensified cleaning & 
sanitizing; equipment 
disassembly

• Intensified sampling & 
testing

• Hold & test product
• Reprocess, divert or destroy 

product on hold if there is 
positive product

• Comprehensive investigation
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FDA recommended corrective actions – Listeria spp.

FCS &
With growth

FCS &
No growth

Routine sampling 
positive #1

• Clean & sanitize positive site
• Retest during next 

production cycle
• Conduct comprehensive 

investigation

• Clean & sanitize positive 
site

• Retest during next 
production cycle

• Conduct comprehensive 
investigation

Follow-up sampling 
positive #2

• Intensified cleaning & 
sanitizing; equipment 
disassembly

• Intensified sampling & 
testing

• Hold & test product
• Reprocess, divert or destroy 

product on hold if there is 
positive product

• Comprehensive investigation

• Intensified cleaning & 
sanitizing; equipment 
disassembly

• Intensified sampling & 
testing

• Consider hold and test food
• Comprehensive 

investigation
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FDA recommended corrective actions – Listeria spp.

FCS &
With growth

FCS &
No growth

Follow-up sampling 
positive #3

• Stop production and consult 
experts for comprehensive 
investigation

• Intensified cleaning & 
sanitizing 

• Intensified sampling & 
testing

• Resume production with 
product hold & test until 3 
consecutive days of product 
and FCSs are negative

• Intensified cleaning & 
sanitizing; equipment 
disassembly

• Intensified sampling & 
testing

• Expand comprehensive 
investigation

• Hold & test product
• Reprocess, divert or destroy 

positive product lots

Follow-up sampling 
positive #4
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FDA recommended corrective actions – Listeria spp.

FCS &
With growth

FCS &
No growth

Follow-up sampling 
positive #3

• Stop production and consult 
experts for comprehensive 
investigation

• Intensified cleaning & 
sanitizing 

• Intensified sampling & 
testing

• Resume production with 
product hold & test until 3 
consecutive days of product 
and FCSs are negative

• Intensified cleaning & 
sanitizing; equipment 
disassembly

• Intensified sampling & 
testing

• Expand comprehensive 
investigation

• Hold & test product
• Reprocess, divert or destroy 

positive product lots

Follow-up sampling 
positive #4

• Stop production & consult 
experts for comprehensive 
investigation



What if FCS are 
positive?

Or

RTE food?

-47-

EML routine sampling – Zone 1 or food

Scenario 3: 
Listeria spp. on a FCS

Scenario 4: 
Lm on a FCS

Scenario 5: 
Listeria spp. in food



➢FDA Draft Guidance recommends

▪ Reprocess food with a validated listericidal control measure; 
divert or destroy Lm positive lot(s)

▪ Determine whether other lot(s) are potentially contaminated 
& segregate and hold these lots

▪ Review environmental monitoring results

▪ Intensify sampling and testing of FCSs and non-FCSs

▪ Follow corrective actions for any positives

▪ Determine whether food in commerce would be subject to 
recall
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Routine sampling – Lm in RTE food

___________________
FDA, 2017. https://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/ucm073110.htm



➢ Management commitment

➢ Risk consideration

o Likelihood of occurrence [in your product]

o Severity of consequences if contaminated product consumed [healthy 
vs. immune-compromised consumer]

o Special circumstances
▪ Complexity of production process

▪ Likelihood of harborage sites and equipment design

▪ Product made for high-risk groups [hospitals, daycares etc.]

o Probability of RTE contamination

-49-

EML Program – Other important factors to consider

__________________
Brouillette et al., 2014. Grocery Manufacturers Association. 

▪ Proximity of microbial harborage sites to RTE 
product

▪ Number of harborage sites

▪ Spatial relationship of harborage sites to 
product stream

▪ Microbial populations in harborage 
sites

▪ Extent of harborage site disruption

▪ Exposure of product stream to the 
environment



➢ Routine monitoring

o Detecting niches, harborage sites and potential transfer points

o Typically zones 1, 2, 3

➢ Investigative monitoring

o Follow-up to a positive result, complaint, illness

o Identifying the root cause

o Eliminate the condition
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EML Program – Important considerations

__________________
Brouillette et al., 2014. Grocery Manufacturers Association. 
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Understand if Lm is transient vs. persistent
Table 2. Examples demonstrating that certain strains of L. monocytogenes can become established 
and persist in the food-processing environment. From Tompkin, 2002. J Food Prot. 65:709-725.



Take home messages
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➢ Prevent harborage sites

➢ Address each positive sample promptly and 
effectively

o Verify whether problem is corrected

➢ Perform short term assessments

o Daily and weekly

➢ Perform trend analysis

➢ Be diligent

o SEEK and DESTROY
6Farber J., 2010. 
http://www.bcfpa.net/SubPages/Events/
Events2010.htm



Your environmental monitoring 
program is working!

Put your investigator hat on, find 
the source and get rid of it!

-53-

Got a positive environmental sample?

Now what?



Good Resources on EML

Tompkin, 2002. J Food Prot. 65:709-725.

Kornacki, 2014. http://www.foodsafetymagazine.com/magazine-archive1/februarymarch-
2014/an-environmental-sampling-approach-to-product-risk-assessment/

GMA, 2014. Listeria monocytogenes Guidance on Environmental Monitoring and Corrective 
Actions in At-risk Foods. Available at: http://ucfoodsafety.ucdavis.edu/files/208833.pdf

Innovation Center for U.S. Dairy. 2015. Control of Listeria monocytogenes. Guidance for the 
U.S. Dairy Industry.

FDA. 2017. Draft Guidance for Industry: Control of Listeria monocytogenes in Ready-To-Eat 
Foods. Available at: 
https://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/u
cm073110.htm

http://www.foodsafetymagazine.com/magazine-archive1/februarymarch-2014/an-environmental-sampling-approach-to-product-risk-assessment/
http://ucfoodsafety.ucdavis.edu/files/208833.pdf
https://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/ucm073110.htm
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