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Key Pathogens in Dairy

• Listeria monocytogenes
• Salmonella
• Cronobacter



Listeria monocytogenes: Human Pathogen
• 1,300 cases/year in the United States

– 255 deaths (~20% mortality rate)

• Most commonly affected:
– Pregnant women
– Elderly
– Immunocompromised individuals
– Infants

• Grows at refrigeration temperatures



• Listeria pathogenesis



Not all Listeria are pathogenic
• Listeria: a genus

• “Index” organisms



Listeria is everywhere
• Natural environments: 1.3% to 8% (NYS data)
• Urban environments: 7.3% (NYS data)
• Ruminant farms

– Bovine farms with listeriosis cases: 24.3% (n=616)
– Bovine farms without listeriosis cases: 20.1% (n=643)
– Small ruminant farms with listeriosis: 32.9% (n=322) 
– Small ruminant farms without listeriosis: 5.9% (n=475)

• Listeria species are often found at around 30% prevalence

Sauders et al., 2012. Diversity of Listeria species in urban and natural environments. Appl. Environ. Microbiol. 78(12): 4420-4433

Nightingale et al., 2004. Ecology and transimission of Listeria monocytogenes infecting ruminants and in the farm environment. Appl. Environ. Microbiol. 70(8): 
4458-4467
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The genome sequence revolution



In addition, whole genome sequencing showed that 5 Listeria isolates 
collected in 2010 from the same facility were also closely related 
genetically to isolates from ill people.



Listeria Outbreaks and Incidence, 1983-2014
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Importance of PEM
• Preventing recalls 

– Reduce risk of an outbreak

• Long term program improvements
• Verification of cleaning and sanitizing program
• Verification of hygienic/transition areas
• Required written records under FSMA 



Seek and destroy
• Listeria contamination is often linked to the 

processing environment
• Implementing a pathogen environmental 

monitoring program allows tracking of the 
problem
– Determining appropriate action toward positives 

will lead to better control



Seek and destroy targets Niches
• Niches

– Drains, floor cracks, floor-wall junctures, hollow 
table legs, etc. 

– Used to identify sources

• Transfer points
– Door handles, hands, wheels on a cart, etc. 
– Help determine how the pathogen is moving 

through the plant



Growth Niches
Locations harboring the organism after the routine 
sanitation process for that area has been completed.



What are you sampling?



What about when you hear…
“Our company goal for 2016 is zero Listeria 
environmental positives” (Anonymous)

“FDA will collect 100s of environmental samples 
in your plant if your records show a single 
Listeria positive” (industry rumors after an FDA 
visit and record review, followed by FDA swab-a-
thon)



http://www.almonds.com/sites/default/files/content/attachments/pem_book.pdf



Testing Considerations
• Prioritize sampling sites

– After kill step (pasteurization)
– Before final packaging

• Focus attention on zones 2 & 3.
• Sites with historic positive results
• Reference plant layout, traffic patterns and 

hygienic zone areas to help determine 
additional sites



Number of Samples: 
Considerations

• Based on facility size
• Aging facilities=increased risk=increased sampling
• Geography of facility

– Proximity to hazards

• Budget
• Manpower



Methodology
• Sponge 

– used with gloves
– most commonly used

• Handled sponge 
• Crevice Swabs



Results
• Send samples to a certified lab
• Review results upon arrival
• Apply corrective actions
• Monitor trends



Follow-Up and Corrections
• Plant specific and may differ by zone

• Consider frequency of sampling vs. root cause 
analysis

• Intensified cleaning and sanitizing required

• Long-term trending and analysis
– Pathogens
– Index and indicator organisms



Corrective Actions

• Positive samples need follow-up: re-testing 
and vector swabbing

• Shutting down problem areas

• Written records



Vector Swabbing
Additional samples should be taken from 

environmental area that showed positive results



Managing a Problem Area



5/15/2013
23

5/23/2013

Thorough cleaning with an acid cleaner (vs. our old chlorine bleach) was performed

x

ADA 6/13/2013



Investigation of a Positive Finding

• Review infrastructure and equipment in the 
area 

• Targeted cleaning

• Review records

• Corrective action 
– Location (zone) 
– Trends



Tracking Results
• Track and trend environmental data

• Collect and record data to provide actionable 
information  

• Establish a baseline to monitor trends

• Detection of a pathogen in Zone 1 requires 
immediate action as product may be 
contaminated



DNA fingerprinting and persistence

• Pathogens can persist in the environment for 
years

• DNA fingerprinting can be used to identify 
sites where the pathogen may be persisting 



DNA Fingerprinting
PFGE-AscI
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Persistence?
May June July August September October November December January February March April

Site # 5/22/14 6/19/14 7/22/14 8/11/14 9/15/14 10/9/14 11/19/14 12/9/14 1/14/15 2/11/15 3/11/15 4/13/15
1a L. mono L. spp. L. mono Neg Neg Neg L. spp. Neg Neg Neg Neg Neg

1b L. spp. L. spp. Neg Neg Neg Neg L. spp. L. mono Neg Neg Neg Neg

2 Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg

3
L. mono & L. 
spp. L. spp. Neg Neg Neg Neg Neg Neg L. spp. Neg Neg Neg

4 Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg

5 Neg L. mono Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg

6 L. mono L. mono L. mono Neg Neg Neg Neg L. mono Neg Neg L. mono Neg

7 L. spp. L. spp. Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg

8a L. mono Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg

8b
L. mono & L. 
spp. Neg Neg Neg L. spp. Neg Neg L. spp. Neg Neg Neg Neg

8c
L. mono & L. 
spp. Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg

9 Neg L. spp. Neg L. spp. Neg Neg Neg Neg Neg Neg L. spp. Neg

10 Neg L. spp. Neg Neg Neg L. spp. Neg Neg Neg Neg L. spp. Neg

15 NS Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg

16 NS Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg

17 NS Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg Neg

18 NS L. spp. Neg NS Neg Neg Neg Neg Neg Neg Neg Neg

19 NS Neg Neg Neg L. spp. L. spp. Neg Neg Neg Neg Neg Neg

24a NS NS NS NS Neg NS NS NS NS NS NS NS

24b NS NS NS Neg NS NS NS NS NS NS NS NS

24c NS Neg NS Neg NS NS NS NS NS NS NS NS
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Project Outline
• 2 years
• 9 processing facilities
• > 5,000 samples
• Zones 2-4 
• Routine vs. Validation sampling



Listeria prevalence in small cheese 
processing facilities



How do you know your program is 
working?

Facility Prevalence
(from routine)

Prevalence
(from validation)

A 5.12% 
(34/664)

1.33%
(2/150)

E 11.97% 
(88/735)

10%
(6/60)

F <0.3% 
(0/334)

6%
(3/50)

G 8.33%
(19/228)

2.35%
(2/85)

H 22.64% 
(24/106)

8%
(2/50)

J 0.94% 
(1/106)

14%
(7/50)



Take Home Messages
• Listeria is a genus of 17 species. L. 

monocytogenes is a pathogen. 
• We are detecting more outbreaks due to 

Whole Genome Sequencing
• Look for Listeria. Find it. Get rid of it. 



Thank You! 

Sarah Beno
smb489@cornell.edu
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