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Foody World grocery store produce and RTE foods- A variety of items made in-house at 
Foody World since July 2016 were suspected to be contaminated with Listeria monocytogenes,
resulting in at least 6 hospitalizations and 1 death in British Columbia. 

Frozen vegetables– Since March 2016, CDC has been investigating a multistate outbreak 
of Listeria monocytogenes. Two illnesses were reported in 2016. The remaining 6 illnesses 
reported during 2013-2015 were identified through a retrospective review of the PulseNet
database. Frozen vegetables produced by CRF Frozen Foods of Pasco, Washington likely 
source of illness.

Packaged salads – From July 2015 to January 2016, A total of 19 people infected with the 
outbreak strain of Listeria were reported from 9 states; 14 in Canada, with 3 deaths. Whole 
genome sequencing (WGS) showed that the isolates were closely related genetically. 
Packaged salads produced at the Dole processing facility in Springfield, Ohio were the likely 
source of this outbreak.

Ice cream- In 2015, Listeria monocytogenes sickened 10 people in 4 states. All patients 
were hospitalized and 3 died. Source of the outbreak was linked to Blue Bell Creameries and 
ice cream, frozen yogurt, sherbet and frozen snacks.Raw Milk - Two illnesses,	one	resulting	in	death	due	to	Listeria	monocytogenes in	2014.	Source	

was	unknown	until	whole	genome	sequencing	was	used	in	2016.	Likely	source	traced	to	Miller’s	
Organic	Farm,	Pennsylvania.

Deli meats- In 2008 deli meats contaminated with Listeria monocytogenes resulted in 57 
illnesses and 24 deaths, and affected 7 provinces in Canada. Contaminated products were 
linked to a single processing facility owned by Maple Leaf Foods in Ontario. 

http://epe.lac-bac.gc.ca/100/206/301/cfia-acia/2011-09-21/www.inspection.gc.ca/english/corpaffr/recarapp/2008/20080824e.shtml
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http://www.inspection.gc.ca/about-the-cfia/newsroom/food-recall-warnings/complete-listing/eng/1351519587174/1351519588221?ay=2016&fr=22&fc=0&fd=0&ft=1
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Ø SCOPE OF THE PROBLEM

o FOOD PROCESSING ENVIRONMENT (FPE)	AS A MICROBIAL RESERVOIR

o WHY IS LISTERIA PROBLEMATIC IN FOODS AND FPE?

Ø ENVIRONMENTAL MONITORING FOR LISTERIA (EML)
o WHERE

o HOW OFTEN

o HOW

Ø IMPORTANT FACTORS FOR EML

Ø TAKE HOME MESSAGE

Outline
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Ø Complex	reservoir	

Ø Potential	contamination	points

FPE	as	a	microbial	reservoir

Farber,	2010.	BCFPA	presentation.
o Raw	materials	

§ Recurring	introduction	of	new	
microbes

o Personnel
§ Fecal	(coliform,	enterococci,	

pathogens)

§ Nasal,	skin	(Staphylococcus	aureus)

§ Hair

§ Ill	and	asymptomatic	employees
• Viruses
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o Water
o Production	environment

§ Food	contact	surfaces	(FCS)

§ Floors,	drains,	utensils

§ Production	equipment
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Listeria	background

Ø17	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?
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ØUbiquitous	and	hardy	
o If	you	build	a	food	production	plant,	Lm	will	
contaminate	it

Colonization of a Newly Constructed Commercial Chicken
Further Processing Plant with Listeria monocytogenes 3
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1U.S. Department of Agriculture, Agricultural Research Service, Russell Research Center, Athens, Georgia 30604-5677; and
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ABSTRACT

This study was undertaken to determine potential sources of Listeria monocytogenes in a newly constructed chicken further
processing plant and document the eventual colonization of the facility by this pathogen. To ascertain the colonization status of
the plant, floor drains were sampled after a production shift and again after a cleanup shift on roughly a monthly basis for 21
months. Potential sources of L. monocytogenes to the plant included incoming raw meat, incoming fresh air, and personnel.
Nearby environment and community samples were also examined. All L. monocytogenes detected were subjected to DNA
sequence–based subtyping. L. monocytogenes was not detected in the plant before the commencement of processing operations.
Within 4 months, several subtypes of L. monocytogenes were detected in floor drains, both before and after cleaning and
sanitizing operations. No L. monocytogenes was detected on filters for incoming air, samples associated with plant employees, or
a nearby discount shopping center. One subtype of L. monocytogenes was detected in a natural stream near the plant; however,
this subtype was never detected inside the plant. Eight subtypes of L. monocytogenes were detected in raw meat staged for further
processing; one of the raw meat subtypes was indistinguishable from a persistent drain subtype recovered after cleaning on eight
occasions in four different drains. Poultry further processing plants are likely to become colonized with L. monocytogenes; raw
product is an important source of the organism to the plant.

Listeria monocytogenes has been isolated from poultry,
poultry products, and ready-to-eat (RTE) meat (2, 9, 14, 20,
25, 26). Listeriosis, a potentially deadly disease, can be
foodborne; widespread outbreaks have been caused by
contaminated RTE meats (18).

L. monocytogenes can be detected in broiler slaughter
plants; however, unlike Campylobacter and Salmonella, this
organism is not often detected in broiler feces (7) and is only
found on a low number of broiler carcasses at the start of
processing (3, 5). Even after the chill tank, L. monocyto-
genes prevalence is not as high as is typically seen with
other pathogens such as Campylobacter (3, 7, 8). Although
there may be some amplification in the prevalence of L.
monocytogenes on broiler carcasses during passage through
a slaughter plant (5), postchill prevalence can still be less
than 5% (3). Processing beyond a chilled carcass is
considered further processing; a large commercial further
processing plant could process 10,000 pounds (4.5 t) an
hour. Therefore, even with a low prevalence rate, the sheer
volume of raw product entering a further processing plant,
could translate to a substantial amount of L. monocytogenes.

It is likely that there are multiple sources of L.
monocytogenes to a poultry further processing plant.
Several studies have reported raw broiler meat as an
important source (4, 15, 20, 25). It may be possible that
L. monocytogenes is introduced to a plant with personnel;
L. monocytogenes has been found on the hands of poultry
processing plant employees (15). Fresh outside air is drawn
into processing plants as part of the heating and air-
conditioning intake. L. monocytogenes survives on airborne
dust (6), which suggests that incoming air could be a
potential source of this organism to a cook plant.

L. monocytogenes can be readily detected in chicken
further processing plants and the environment within them
(4, 14). It is expected that most, if not all, meat processing
plants will eventually become positive for L. monocytogenes
at some point. Once in the plant, L. monocytogenes can
attach to a wide variety of surfaces (22) and can grow as a
member of a biofilm community (21), making eradication
especially challenging at sites where direct contact washing
is difficult. Persistent L. monocytogenes can be documented
by repeatedly isolating indistinguishable subtypes from
specific processing plants (1, 4, 13). Persistent subtypes
have been reported to be better at attaching to surfaces (17)
and more likely than nonpersistent subtypes to contaminate
fully cooked RTE product (16).

The objective of this study was to monitor the L.
monocytogenes status of a newly constructed commercial
chicken cooking plant. We first confirmed that the plant was
initially L. monocytogenes negative, and then we tested for
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{ Mention of trade names or commercial products in this publication is
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imply recommendation or endorsement by the U.S. Department of
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{ Present address: U.S. Department of Agriculture, Food Safety Inspection
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Why	is	Lm	problematic?
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ØGrowth	temperature:		-0.4	to	45oC

Table	1. Generation	times	for	L.	monocytogenes.1

ØHeat	resistance?
§ Does	not	survive	pasteurization
§ Depends	on	strain,	environment,	previous	heat	shock

Temperature	(oC) 0	to	1 4	to 5 9 to	10

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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Ø Salt	resistance
o One	of	the	most	halotolerant

foodborne	pathogens2,3

§ Grows	at	10%	(w/v)	NaCl

• Sausage,	dry	products,	smoked	
salmon

§ Survives	at	40%	(w/v)	NaCl

Ø Water	activity	required	for	
growth2

o About	0.92

Ø pH	range
o Will	grow	at	4.3	to	9.4
o Most	food	adjusted	between	4	and	

5	
§ Pathogen	control
§ Clostridium	botulinum

____________________________________________________________________________________

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

that become contaminated during their processing, such as soft
cheeses and cold cuts at deli counters [15e23]. Unpasteurized
milk or foods made from unpasteurized milk may contain the
bacterium. L. monocytogenes is killed by pasteurization and
cooking. However, in certain ready-to-eat foods such as hot
dogs and deli meats, contamination may occur after cooking,
before packaging. Government agencies and the food industry
have taken steps to reduce contamination of food by L.monocy-
togenes. The United States Food and Drug Administration
(FDA) and the United States Department of Agriculture
(USDA), and the corresponding national agencies in Europe
monitor food on a regular basis.When a processed food is found
contaminated, food monitoring and plant inspection are intensi-
fied, and when necessary, the implicated food is recalled. If
these policies have largely proved their efficacy, they also
have had a significant economical impact on the Food industry
[24e26].

Most human foodborne infections are associated with
a high incidence counterbalanced by a low morbidity and mor-
tality. The situation is opposite for human listeriosis, which is
a rare but potentially very severe infection, associated with
a mortality of up to 30%, even when an adequate antimicrobial
treatment is administered. This accounts for the high economic
cost associated with human listeriosis despite its relative low
incidence. Furthermore, listeriosis remains under-diagnosed,
particularly at its early stages, and this leads to delay in the
administration of antimicrobial therapy, which is absolutely
critical for a favorable outcome, here again in contrast to
most other foodborne infections [9,11].

1.2. Clinical manifestations

L. monocytogenes infects humans through the ingestion of
contaminated food. It is able to cross the intestinal barrier
and is thought to disseminate from the mesenteric lymph no-
des to the spleen and the liver (Fig. 1). The extent of the intra-
luminal multiplication, as well as the precise locations at
which it crosses the intestinal barrier is still debated. If not
controlled properly by the immune system notably at the liver
and spleen levels, L. monocytogenes infection may cause pro-
longed and asymptomatic bacteremia. It may then reach the

brain or the placenta, resulting in meningitis or encephalitis
mostly in immunocompromised patients, abortions in pregnant
women, and generalized infections in infected neonates (gran-
ulomatosis infantiseptica).

Highly contaminated food products ingested by healthy in-
dividuals may result in a self-limited gastroenteritis [10,11].
Sampling studies reported by the CDC have shown that 11%
of the food samples collected during food monitoring pro-
grams were contaminated with L. monocytogenes and that
L. monocytogenes grew from at least one refrigerator sample
of 64% of patients with listeriosis [27]. The enteric phase of
the infection was previously considered to be almost always
clinically silent. However, it was recently clearly demonstrated
that it might lead to the development of digestive signs such as
nausea, aqueous or bloody diarrhea, abdominal pain, and fever
and accounting for genuine gastroenteritis, with an attack rate
of up to 70%, particularly in cases of high ingested inocula
[21,23,28]. The importance of the inoculum size in the onset
of these early clinical signs is supported by the results of
oral challenges in healthy nonhuman primates, in whom the
ingested-inoculum had to be higher than 109 organisms/animal
to induce a detectable clinical effect [29]. Whether these
digestive clinical signs mostly account for a toxic effect of
L. monocytogenes on the intestinal tissue and/or for the cross-
ing and invasion of the mucosal barrier by L. monocytogenes
remains unknown. These digestive manifestations are usually
self-limited and resolve spontaneously.

In the population at risk for invasive listeriosis, i.e. immuno-
compromised individuals, signs accounting for generalized
infection most frequently occur after an incubation period
that can be very long (10e70 days), rendering difficult the iso-
lation of the contaminated source in sporadic cases. L. monocy-
togenes bacteremia might be responsible for an influenza-like
febrile illness, with myalgias, arthralgias, headache and back-
ache, but might also be clinically silent [30].

During pregnancy, particularly its third trimester, when
pregnancy-associated immunosuppression is thought to be
the most intense, benign common cold symptoms may reflect
a L. monocytogenes-associated bacteremia, and thus justify
the prescription of amoxicillin in febrile pregnant women, be-
cause of the seriousness of the potential maternofetal

Fig. 1. Successive steps of human listeriosis.

1217M. Lecuit / Microbes and Infection 9 (2007) 1216e1225

Fig	2. Listeria	infectious	process	and	dissemination	in	human	body.	Adapted	from	Lecuit,	2007.	
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Ø Environmental	contamination
o Post-processing	contamination

§ Slicers
§ Conveyor	belts
§ Non-food	contact	surfaces

• Drains,	chillers,	condensate,	aerosols

o Persistence	of	strains
§ Biofilms

Ø Employee	hygiene
Ø Raw	materials

§ Cross-contamination
§ Materials	from	unsafe	sources/suppliers

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

How	does	Lm	end	up	in	food?

14

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

A

B

C
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EML	Program:	Where to	Sample?

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	(FC)	
Surfaces

ZONE	1

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

Surfaces	adjacent	to	Zone	1.	
- Exterior	of	FC	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.	
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Fig	3. The	joint	presence	of	L.	monocytogenes	in	food	and	Listeria spp.	in	the	processing	environment,	for	facilities	with	at	least	one	swab	
from	all	three	sub-line	environments	(n=51).

Any	positive	sample/swab	in	the	set No	positive	samples/swabs	in	the	set

Fewer	than	four	food	samples	tested

Listeria	spp.
Non-Food	Contact							Close-to-Food	Contact										Food	Contact

L.	monocytogenes
Food

No	food	samples	collected



Ø Pre-operational	samples

o Help	verify	sanitation	effectiveness	

o Useful	for	Zone	1	– food	contact	surfaces

o In	addition	to	Listeria	spp.	and/or	L.	monocytogenes testing	for	
aerobic	plate	count	(APC)	and	coliform	count	as	indicators	
recommended

§ Cannot	be	relied	upon	as	indicators	of	a	pathogen!

Ø Operational	and	post-operational	samples

o 3	hours	and	more	into	production

o Help	determine	where	and	when	Listeria	spp.,	Lm,	niches	occur

-17-

When to	sample?

__________________________

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



Ø With	the	intent	of	finding	Listeria	spp.

Ø Aseptic	technique
o Use	pre-moistened	sterile	sponges4

o Cotton	swabs,	composite	ply-tissues	[may	be	less	effective]
o Start	from	‘cleanest’	areas	(food	contact)	and	move	to	the	‘dirtiest’	

(any	non-food	contact	surfaces)

o Separate	sponge	for	each	distinct	site

-18-

How to	collect	samples?

_________________

4Kovacevic	et	al.,	2009.	J	Food	Prot.	72(4):	696-701.
5Health	Canada,	2011.	http://www.hc-sc.gc.ca/fn-an/legislation/pol/policy_listeria_monocytogenes_2011-
eng.php#envirosample

Ø Health	Canada5 recommends
o At	least	10	samples	from	food	contact	

surfaces
o At	least	10	samples	from	non-food	contact	

surfaces,	especially	those	in	close	proximity	
to	food	contact	surfaces

§ May	combine	up	to	5	separate	sponges	
into	one	sample	– “compositing”

§ Only	in	well	established	EML	programs	
where	positives	are	rare

§ Food	contact	and	non-food	contact	
samples	should	not	be	composited

§ May	be	used	during	routine	sampling	but	
not	during	investigative	sampling!
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How	often	to	sample?
Ø Mandated	Establishment	Sampling	of	Food	Contact	Surfaces	in	federal RTE	food	

processing	facilities	in	Canada

_____________________
Couture,	2009.	Listeria	monocytogenes.	http://www.cmc-cvc.com/sites/default/files/files/Listeriapolicyoctober12009HeleneCouture.pdf	



Ø Management	commitment
Ø 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
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EML	Program	– Important	Factors

__________________
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



Ø Routine	monitoring
o Detecting	niches,	harborage	sites	and	potential	transfer	points
o Typically	zones	1,	2,	3

Ø 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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Ø Prevent	harborage	sites

Ø Address	each	positive	sample	promptly	and	
effectively

o Verify	whether	problem	is	corrected

Ø Perform	short	term	assessments
o Daily	and	weekly

Ø Perform	trend	analysis

Ø Be	diligent

o SEEK	and	DESTROY

Trend Analysis Can Inform Process Control
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6Farber	J.,	2010.	
http://www.bcfpa.net/SubPages/Events/
Events2010.htm

Trend Analysis Can Inform Process Control
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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

Health	Canada.	2011.	Policy	on	Listeria	
monocytogenes	in	Ready-to-Eat	Foods.	Available	at:	
http://www.hc-sc.gc.ca/fn-
an/legislation/pol/policy_listeria_monocytogenes_20
11-eng.php#envirosample


