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ABSTRACT

The purpose of this paper is to provide guidance to food processors in controlling Listeria monocytogenes in food-
processing environments. Of particular concern are outbreaks of a few to several hundred scattered cases involving an unusually
virulent strain that has become established in the food-processing environment and contaminates multiple lots of food over
days or months of production. The risk is highest when growth occurs in a food before it is eaten by a susceptible population.
The information presented in this paper provides the basis for the establishment of an environmental sampling program, the
organization and interpretation of the data generated by this program, and the response to Listeria–positive results. Results
from such a program, including examples of niches, are provided. Technologies and regulatory policies that can further enhance
the safety of ready-to-eat foods are discussed.

The purpose of this paper is to provide information that
food processors and regulators can use as a basis for strat-
egies to control Listeria monocytogenes in food-processing
environments. This paper is also a supplement to two pre-
vious papers on the control of listeriae (92, 93). A portion
of this material has been published (91). While the material
herein concerns the control of L. monocytogenes, some of
the concepts can be applied to the control of other patho-
gens (e.g., salmonellae) and spoilage microorganisms.
When this information is applied to other situations, the
temperature of the environment in relation to the growth of
the target organism should be considered. For example, sal-
monellae would not be expected among the resident � ora
of refrigerated work spaces.

The signi� cance of listeriosis with regard to public
health is well known. Although the disease is rare (i.e.,
about 1 to 9 cases per 1,000,000 people per year) and ac-
counts for only about 0.02% of all foodborne illness, lis-
teriosis accounts for about 28% of the deaths resulting from
foodborne illness (10, 65, 83). This high degree of severity,
particularly among those at higher risk (i.e., immunocom-
promised individuals, neonates), emphasizes the necessity
to minimize the exposure of high-risk individuals to L.
monocytogenes. It also has been established that the foods
of the most concern are those in which L. monocytogenes
can multiply. In general, foods that have been implicated
in listeriosis contain .1,000 CFU/g or .1,000 CFU/ml
(12, 46, 47). Consumer protection, then, largely depends on
preventing contamination of those foods in which growth
can occur.

Experience over the past 15 years points to recontam-
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ination as the primary source of L. monocytogenes in many
commercially prepared ready-to-eat (RTE) processed foods.
This realization has led to signi� cant changes in how the
postprocessing environment is managed (21, 92, 93). Major
modi� cations in plant layout and equipment design, pro-
cedures for cleaning and sanitizing, and personnel practices
have been necessary. It is realistic to expect that L. mon-
ocytogenes will continue to be introduced into the environ-
ment in which RTE foods are exposed for further process-
ing and packaging. By controlling the establishment and
multiplication of L. monocytogenes in these environments,
it is possible to minimize, and in some cases prevent, the
risk of product contamination with sanitation procedures.
Depending on the food and the environmental control pro-
gram, however, it should be possible in most food processes
that include a validated listericidal step (e.g., cooking) to
keep the prevalence of product contamination at ,0.5%. If
this objective can be achieved, then, assuming random dis-
tribution, at a product contamination level of 0.5% there
would be a 61% probability that a production lot would be
accepted even if 100 samples were tested (49). Thus, end
product testing becomes of little value for assessing and
verifying control.

Another disadvantage of product testing is that if a
product is found to be positive, no information will have
been gained to indicate what the mode of contamination
was or how to prevent further occurrences. Commercial ex-
perience has led to the determination that environmental
testing is a better, more cost-effective measure for assessing
control, particularly when approached from a process con-
trol viewpoint. Ideally, the data are used to detect trends
indicating a potential loss of control and to enable timely
corrective actions. As described, environmental sampling
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TABLE 1. Numbers of clones of various bacterial species com-
monly causing disease (73)

Species

No. of
clones
identi-
� ed

No. of
clones

commonly
recovered

from
disease
episodes

% of
disease

caused by
common
clones

Bordetella bronchiseptica
Bordetella pertussis
Bordetella parapertussis

21
2
1

3
2
1

87
100
100

Escherichia coli (neonatal
invasive)

Hemophilus pleuropneumonia
Hemophilus in� uenza serotype b
Legionella pneumophila

18a

32
182
50

5a

2
9
5

63
47
81
52

Neisseria meningitis
Serogroups B and C
Serogroup A

192a

50
7a

7
85
—

Shigella sonnei
Salmonella spp. (eight serotypes)
Yersinia ruckeri

1
71
4

1
11
1

100
61–100

89

a Clone families composed of several or many very closely related
clones.

programs are intended to assess the control of the environ-
ment and not the probability that a speci� c lot of food has
been contaminated. Such programs are not statistically de-
signed sampling plans but are based on prior experience
and familiarity with the given processing conditions. Sim-
ilar programs have been used for over 40 years in a wide
variety of food operations to assess the control of pathogens
(e.g., salmonellae) and spoilage � ora.

The following sections include discussions of the ra-
tionale for establishing an environmental sampling program
for the control of L. monocytogenes; the concept of har-
borage sites, or niches; how to organize and use data to
detect sources of contamination; examples of niches; and
possible future directions to enhance the safety of RTE
foods.

ARE ALL L. MONOCYTOGENES STRAINS
EQUALLY HAZARDOUS?

Variability in virulence within the species L. monocy-
togenes is slowly gaining recognition and acceptance. It has
been con� rmed through studies with mice that most, but
not all, strains of L. monocytogenes can cause disease (8,
24, 43, 45, 74, 90). In preliminary studies involving preg-
nant rhesus monkeys, one strain previously linked to abor-
tion in monkeys appeared to be the most virulent among
the six strains tested (88). These and other studies (42, 50,
52, 71, 73, 76, 78, 96) show that some strains have greater
potential to cause disease than others do. This � nding
should not be unexpected, since, as can be seen in Table 1,
a limited number of clones account for the majority of dis-
ease caused by other pathogens (73). Pathogenicity also is
limited to certain types of Yersinia enterocolitica and Esch-
erichia coli (48, 68, 97). Of L. monocytogenes it has been

said that ‘‘most strains are pathogenic, some strains may be
pathogenic, some strains are non-pathogenic’’ (44). More
recent research comparing different methods for assessing
virulence has demonstrated that a plaque-forming assay us-
ing a HT-29 cell monolayer leads to three classi� cations:
avirulent, hypovirulent, and fully virulent (78).

The virulence of L. monocytogenes is in� uenced by six
genes on the chromosome in the PrfA-dependent virulence
gene cluster and by other important virulence genes (e.g.,
internalin genes) located outside the gene cluster (56). Pre-
sumably, strains having a full complement of virulence
genes would have greater potential to cause disease, but the
prevalence of such strains in food-processing environments
is not known. There has also been speculation that certain
strains have greater potential to survive under adverse con-
ditions and to multiply in the processing environment and/
or in certain foods.

Throughout the world, three serotypes (i.e., 4b, 1/2a,
and 1/2b) account for 89 to 96% of cases of human lister-
iosis (30), providing additional evidence that certain strains
are more likely to cause illness. More interesting is the
realization that a small number of clonal lineages have been
responsible for large documented outbreaks in different
regions of the world. For example, researchers using a va-
riety of typing methods have con� rmed that one epidemic
clone of serovar 4b having a phagovar identical or similar
to 2389:2425:3274:2671:47:108:340 has caused several
major outbreaks (4, 5, 11, 20, 22, 28, 50, 58, 73, 88, 98),
such as an outbreak in Switzerland from 1983 to 1987 orig-
inating from soft cheese (Vacherin Mont d’Or) and involv-
ing 122 cases, resulting in 34 deaths; an outbreak in the
United States in 1985 originating from Mexican-style queso
fresco and involving 142 cases, resulting in 48 deaths; an
outbreak in Denmark from 1985 to 1987 with an unknown
origin involving 35 cases; an outbreak in the United States
in 1989 with an unknown origin (Philadelphia ‘‘outbreak’’;
isolates from two patients); an outbreak in Denmark from
1989 to 1990 originating from blue-veined cheese; and an
outbreak in France in 1992 originating from pork tongue
in aspic and involving 279 cases, resulting in 22 abortions
and 63 deaths. In addition, the same clone accounted for
more than 25% of all human isolates in Sweden (29) and
20.7% of the isolates from patients and foods in Japan (67).

Two other genetically distinct clonal lineages were in-
volved in outbreaks in North America (4, 20), one in the
New England outbreak of 1983 (49 cases, 14 deaths) and
the other in the frankfurter outbreak of 1998 to 1999 (;100
cases, 21 deaths). Similar more-virulent clonal lineages of
serovars 1/2a and 1/2b may occur.

Variability in virulence helps explain the small number
of cases in situations involving frequent exposure to foods
containing L. monocytogenes. For example, the U.S. De-
partment of Agriculture (USDA) Food Safety and Inspec-
tion Service (FSIS) monitoring program for products sam-
pled at FSIS-inspected establishments between 1989 and
1999 has shown L. monocytogenes prevalence rates of ca.
2 to 3% for cooked beef, ca. 2 to 5% for small-diameter
sausages such as franks, ca. 1 to 3% for cooked poultry,
and ca. 1 to 5% for RTE meat and poultry salads. The
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prevalence rate for sliced lunch meat ranged between 4.2
and 7.8% from 1994 to 1999. In France, the prevalence rate
for RTE foods decreased from 9 to 8 to 6% for the years
1997 through 1999 (19), indicating a favorable trend of
continued reductions. Prevalence rates of 1 to 10% and
higher are typical for a wide variety of foods throughout
much of the world (9, 30, 33, 34, 84), yet symptomatic
listeriosis remains a rare illness.

In summary, the information presented here indicates
that certain strains of L. monocytogenes are more virulent
and much more likely to be involved in foodborne illness
than others are. This information can help food processors
understand why the foods from one establishment and not
those from other establishments have been implicated as a
source of listeriosis despite comparable rates of contami-
nation at the establishments in question. Virulence is but
one important factor involved in the complex events lead-
ing to disease that must be taken into account in developing
strategies for the control of L. monocytogenes.

RESIDENT AND TRANSIENT STRAINS OF
L. MONOCYTOGENES IN THE
PROCESSING ENVIRONMENT

Another important piece of the puzzle involves studies
on the microbial ecology of the food-processing environ-
ment. Many researchers have demonstrated that certain
strains of L. monocytogenes can become established in a
food-processing facility and remain members of the resi-
dent microbial � ora for months or years. Table 2 summa-
rizes many of these reports. In general, a variety of strains
were detected in each food-processing establishment, par-
ticularly in the postprocessing environment, but certain
strains were found over repeated visits to an establishment.

Experience in cold-smoked-� sh-processing establish-
ments indicates that an array of strains can be found in the
receiving and raw-� sh-handling areas. As the � sh is inject-
ed with brine and smoked, other strains become dominant,
even though these steps are not listericidal. Another shift
can then occur during slicing (31).

Similar investigations have been conducted in other
types of food-processing establishments, but the data from
these investigations are inadequate to demonstrate whether
a change occurs in dominant strains when foods are sub-
jected to different conditions. The methodology used to dif-
ferentiate the isolates has continued to evolve from sero-
typing or phage typing to more discriminating molecule-
based methods. While serotype(s) have been reported and
are included in Table 2, newer DNA-based methods such
as random ampli� ed polymorphic DNA, pulsed-� eld gel
electrophoresis, and ribotyping are necessary to differenti-
ate the strains recovered within each environment. These
newer techniques provide much greater insight into the
ecology of food operations and should provide guidance for
improving the control of L. monocytogenes.

It is signi� cant that certain food-processing establish-
ments have been known to harbor L. monocytogenes for
long periods but the foods processed in these establishments
have not been implicated in illness. Considering the contin-
ued detection of L. monocytogenes in a variety of foods,

the existence of a resident � ora of L. monocytogenes in
food-processing establishments is more common than pre-
viously thought. The risk of listeriosis appears to be at its
highest when a more virulent strain becomes established in
an environment in which RTE foods can become contam-
inated (e.g., between cooking and packaging) and growth
occurs in these foods before they are eaten by a susceptible
population. While this � nding might explain how outbreaks
occur, industry and government must continue to treat all
L. monocytogenes strains as potentially pathogenic.

THREE SCENARIOS LEADING TO ILLNESS

The establishment of an effective environmental sam-
pling program requires some understanding of the circum-
stances that lead to listeriosis. Foodborne listeriosis appears
to generally follow a pattern of three scenarios. Scenario 1
consists of isolated cases for which information about the
food of origin is seldom available. The long incubation pe-
riod (i.e., days to weeks) that can elapse before symptoms
develop makes it dif� cult to identify a speci� c food as the
source (Table 3). Scenario 2 consists of an outbreak or a
cluster of cases involving a single lot of contaminated food.
These events typically involve errors in food handling that
lead to the contamination of a food and an opportunity for
growth before that food is eaten. Once the implicated lot
of food is no longer available, additional cases cease to
occur (Table 4). Scenario 3 consists of outbreaks involving
a few to several hundred cases that are scattered with regard
to time and location. These outbreaks typically involve an
unusually virulent strain that has become established in the
food-processing environment and contaminates multiple
lots of food over days or months of production (Table 5).

Investigations of cooked meat and poultry operations
indicate that a niche is commonly involved (Tables 2 and
6). A niche is a site within the manufacturing environment
in which L. monocytogenes becomes established and mul-
tiplies. These sites may be impossible to reach and clean
by normal cleaning and sanitizing procedures. In fact, in an
establishment with an effective Listeria control program,
the processing environment typically appears clean and ac-
ceptable. The sites serve as reservoirs from which the
pathogen is dispersed during the processing operation and
contaminates product contact surfaces and the food.

In all three scenarios, the growth of L. monocytogenes
occurs before the contaminated food is eaten. This infor-
mation can be used as a rationale for establishing control
systems that may be more effective in reducing consumer
risk. Speci� cally, the systems should be designed to prevent
scenario 3, recognizing that the attainment of this objective
should also minimize the risk of scenarios 1 and 2. A sec-
ond priority is to comply with current regulatory policies,
some of which may not be based on these considerations.

SIGNIFICANCE OF A NICHE

Microbiological testing of the processing environment
and the equipment in use is necessary to detect a niche.
Examples of niches include hollow rollers on conveyors,
cracked tubular support rods on equipment, the space be-
tween close-� tting metal-to-metal or metal-to-plastic parts,
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TABLE 2. Examples demonstrating that certain strains of L. monocytogenes can become established and persist in the food-processing
environment

Type of food
produced at plant

Time of
persistencea Country

Implicated
in illness? Serotype(s)b

Refer-
ence(s)

Cheese
Cheese, blue veined
Cheese, goat
Fish, smoked

4 years
7 years
11 months
Months
14 months
Months

Switzerland
Sweden
United Kingdom
Switzerland
Finland
United States

Yes
No
Yes
No
No
No

4b
3b
4b
Several
1/2a (86%), 4b (14%)
ND

5
94
3, 63
6
53
70

Frankfurters 4 months United States Yes 1/2a 16, 95
Frankfurters (outbreak strain was not

isolated from the plant) Months United States Yes 4b 17
Ice cream
Meat, sliced lunch
Mussels, smoked

7 years
4 years
3 years

Finland
Norway
New Zealand

No
No
Yes

1/2
ND
1/2

66
69
7

Pâté (product from one plant was the source
of an outbreak from 1987 to mid-1989) 2 years United Kingdom Yes 4b(x), 4b 64, 72

Pork tongue in aspic (outbreak strain recov-
ered from the implicated plant) Months France Yes 4b 50, 86

Poultry, cooked 1 year Ireland No 1/2 57
Poultry, cooked deli products (outbreak

strain matched a strain previously isolated
from the same plant (95)) 12 years United States Yes 4b 89

Salmon, cold smoked
Salmon, smoked
Seafood, smoked salmon
Shrimp, raw shelled frozen
Trout/salmon, gravad
Trout, gravad and cold smoked
Trout, smoked/salmon, gravad
Trout, cold smoked

4 years
8 months
Months–2 years
NS
1 month
11 months
.4 years
NS

Denmark
Norway
Norway
Brazil
Sweden
Sweden
Sweden
Finland

No
No
Possibly
No
No
Yes (gravad)
Possibly
No

ND
ND
4, 1
1, 4b
4b
4b
1/2a
1/2

31
82
81
25
60
28
59
2

a NS, not stated.
b ND, not determined.

worn or cracked rubber seals around doors, on-off valves
and switches for equipment, and saturated insulation. Table
6 provides an extensive list of examples of sites that have
been found to be sources of listeriae in commercial facilities
producing a wide variety of RTE meat and poultry prod-
ucts. It is signi� cant that the source was often limited to
very speci� c sites of growth that led to the contamination
of product contact surfaces during production. The location
of the niche was typically limited to a speci� c packaging
line (i.e., a number of pieces of equipment, such as slicers,
tables, conveyors, and packaging machines used in series
for packaging RTE foods). Parallel packaging lines located
within a few feet of the positive line consistently tested
negative. This � nding indicates that sampling plans should
include all of the packaging lines at a frequency that is
adequate to detect a loss of control. Furthermore, products
being produced on packaging lines that are adjacent to a
line that has tested positive should be considered acceptable
as long as monitoring data support this assessment.

In some cases, extensive sampling was necessary be-
fore the ultimate source(s) could be detected. Furthermore,
the sources were often not detectable unless the equipment
was operating with product being processed. This require-

ment creates a dilemma for which there is no ready solu-
tion: a signi� cant period may elapse from the time a prob-
lem is � rst detected to the time its source is discovered.
Additional time is then needed to take the necessary cor-
rective actions to eliminate the source and verify that the
problem has been corrected. The period from the time the
� rst positive sample is detected to the time the source is
investigated can be reduced by analyzing all routine mon-
itoring samples individually rather than compositing. How-
ever, analyzing all routine monitoring samples as individ-
uals will signi� cantly increase the analytical workload. This
would be particularly burdensome for smaller establish-
ments. In some cases, prior experience may point to certain
equipment or sites as sources and indicate where corrective
actions should be taken.

A rather common misconception is that air is a notable
source of contamination. Throughout 14 years of investi-
gation (unpublished data), the air in a room has never been
found to be a chronic source of contamination of product
contact surfaces. Others have reported similar � ndings (2,
51, 57, 86). Speci� c examples, however, can be cited in
which air from compressed air lines has been implicated
and has been traced to a niche near the point of use (e.g.,
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TABLE 3. Examples of isolated cases (i.e., scenario 1)

Type of food Yeara Country Factors leading to case
Sero-
typeb Reference(s)

Cheese, goat 1988 United Kingdom An otherwise healthy 40-yr-old wom-
an ate about 85 g about 24 h be-
fore onset of symptoms. Four pack-
ages from the same lot had L.
monocytogenes at 30 3 106 to 50
3 106 CFU/g. Elevated display
case temperature may have been a
factor.

4b 3, 63

Chicken, cooked and chilled;
purchased at a supermarket

1988(?) United Kingdom A 31-yr-old woman delivered a non-
viable 23-wk-old fetus 5 days after
eating leftover chicken that had
been held in the refrigerator for 3
days.

4 55

Chicken nuggets 1989 United Kingdom The patient was a 52-yr-old woman
on steroids for lupus erythemato-
sus. It was found that her healthy
29-yr-old son had milder symp-
toms. Chicken from a take-away
shop was the assumed source, but
this conclusion may have been in-
� uenced by a Centers for Disease
Control and Prevention case control
study implicating undercooked
chicken as a risk factor. Other
foods were not mentioned.

1/2a 54

Frankfurters 1988 United States A consumer with cancer ate one frank
heated in the bun for 45 s on high
in a microwave oven each day for
lunch.

1/2a 16, 95

Meat, sliced lunch 1999 United States The patient was an elderly man. NS 35
Milk, raw Early 1950s Germany An infant drank milk from a cow

with listerial mastitis.
NS Cited in 87

Sausage, homemade 1988(?) Italy The patient was an apparently other-
wise healthy man. Analysis of the
remaining sausage yielded L. mono-
cytogenes at 2.7 3 106 CFU/g. The
sausage was made from cooked
pork stuffed into raw natural casing
and then held at 20–228C for 24–
36 h before eating.

4 13

Sausage 1989 United States The patient was a 94-yr-old man with
a history of colon cancer. The sau-
sage consisted of cooked pork, rice,
etc., stuffed into raw natural casing
and sold in a package labeled
‘‘Fully Cooked.’’

4b 36

Vegetable rennet 1988(?) United Kingdom A 29-yr-old woman miscarried at
about 23 wk gestation. The bottle
of rennet, held for 3 mo in the re-
frigerator, was the only item to
contain the same isolate as the fe-
tus.

4 55

a A question mark indicates that the year listed is the year of publication.
b NS, not stated in the report.
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TABLE 4. Examples of clusters of cases involving a single lot of food that typically became contaminated and was held at conditions
permitting the growth of L. monocytogenes before the food was eaten (i.e., scenario 2)

Type of food Year Country Factors leading to cluster/outbreak Reference(s)

Coleslaw 1981 Canada Cabbage was fertilized with manure
from sheep with listeriosis and held
in cold storage for months, allowing
possible L. monocytogenes growth
before the cabbage was used to make
coleslaw.

87

Milk, chocolate (this outbreak also � ts the
scenario 3 de� nition because other
cases occurred and multiple lots of milk
were involved)a

1994 United States The milk was poorly refrigerated after
pasteurization and was temperature
abused before being served at a July
picnic.

23, 75

Salad, corn and tunaa 1997 Italy A blend of canned corn and canned
tuna prepared on May 20 was evi-
dently contaminated during prepara-
tion. Subsequent tests suggested that
the time and temperature would have
allowed growth.

1

Salad, ricea 1993 Italy The salad was stored overnight at ambi-
ent temperature in June.

85

Shrimp, cooked 1989 United States Ten of 36 persons attending a party de-
veloped listeriosis. Consumption of
shrimp cooked on the day of the
party remained a signi� cant risk fac-
tor after controlling for the consump-
tion of other foods.

77

a Outbreaks of listerial gastroenteritis, not invasive listeriosis.

TABLE 5. Examples of outbreaks involving cases scattered with regard to time and location, typically involving an unusually virulent
strain of L. monocytogenes that had become established in the environment and contaminated multiple lots of food over days or months
(i.e., scenario 3)

Implicated food Year(s) Country No. of cases Reference(s)

Buttera

Cheese
Cheese, Brie
Cheese, Mexican-style
Franks (lunchmeat?)
Milk, chocolate
Pâté

Pork tongue in aspic

Pork rillettes
Poultry, cooked
Trout, cold smoked/gravad
Unknown

1998–1999
1983–1987
1995
1985
1998–1999
1994
1987–1988
2000
1992
1999–2000
1993
2000
1994–1995
1975–1976
1985–1987

Finland
Switzerland
France
United States
United States
United States
United Kingdom
United States
France
France
France
United States
Sweden
France
Denmark

18
122
36

142
;100

53
.300

11
279
26
39
29

6–8
#167

35

61, 62
5, 72
39, 79
58
17
23
63
15
86
26, 27
80
18
28
14
38

a This outbreak involved an exceptionally sensitive population.

growth in a � lter) or air from an automated bag opener
located under a table that was not properly cleaned and
maintained. On one occasion, the exhaust from a small
pump near the � oor was an unexpected source. Experience
also indicates that equipment placed too close to � oor
drains is more dif� cult to control, perhaps because of aer-
osols created during sanitation or air currents that may

come from the drains as water levels change in the drainage
system. This latter possibility is speculative and has not
been con� rmed by testing. Previous research that predates
concern about L. monocytogenes, however, has demonstrat-
ed that � oor drains can be a source of microorganisms to
the immediate surrounding air space (41).

Evidence indicates that construction in an area where



J. Food Prot., Vol. 65, No. 4 CONTROL OF L. MONOCYTOGENES IN THE FOOD-PROCESSING ENVIRONMENT 715

RTE products are exposed can increase the risk of product
contamination. Some believe this increased risk is due to
dust that is dispersed throughout the area. Such contami-
nation may occur during construction, but of greater con-
cern is the potential introduction of a new, more virulent
strain of L. monocytogenes into the environment from an
outside source or through the disturbance of a harborage
site (e.g., the process of replacing � oor drains, walls, or
cooling units). Should these strains become established in
a niche in the environment in which RTE products are pro-
cessed, the potential for product contamination may in-
crease. To address this concern, even greater attention is
now being paid to separating construction zones from other
areas where production continues to occur. In addition, the
routine sampling program may be temporarily modi� ed by
increasing the number of samples or sample sites to verify
that control is being maintained.

SIX STRATEGIES FOR CONTROLLING
L. MONOCYTOGENES

If the preceding information is considered, then the ba-
sic components of a Listeria control program become clear-
er and include the following strategies: (i) prevention of the
establishment and growth of listeriae in niches or other sites
that can lead to the contamination of RTE foods; (ii) im-
plementation of a sampling program that can assess in a
timely manner whether the environment in which RTE
foods are exposed is under control; (iii) as rapid and effec-
tive a response as possible to each positive product contact
sample; (iv) veri� cation by follow-up sampling that the
source has been detected and corrected; (v) a short-term
assessment (e.g., involving the last four to eight samplings)
to facilitate the detection of problems and trends; and (vi)
a longer-term assessment (e.g., quarterly, annually) to detect
widely scattered positive sites on a packaging line and to
measure overall progress toward continuous improvement.

An earlier paper (93) provided guidelines for control-
ling listeriae in an environment in which RTE foods are
exposed. Some guidance on environmental testing has also
been provided (92, 93). This paper will provide further
guidance on environmental testing and other information.

ENVIRONMENTAL SAMPLING PROGRAMS

Two factors determine the effectiveness of a Listeria
control program: (i) the design of the environmental testing
program and (ii) the response to a positive � nding. A rou-
tine environmental testing program is essential for provid-
ing a continuing assessment of control. In the event that a
positive product contact sample is detected, corrective ac-
tions should be initiated to identify and control the source
of contamination, thereby minimizing product contamina-
tion. A wide variety of schemes for sampling the environ-
ment are used throughout the food industry. Where possi-
ble, the samples should be analyzed individually. In plants
that have few positive samples, however, compositing the
sponge or gauze pad samples from each packaging line is
an acceptable alternative. In addition, compositing may be
necessary to minimize the cost to smaller operations.

Environmental sampling programs should re� ect pre-

vious experience in each facility. The sampling sites should
include areas that have been found to be good indicators
of control. The sites sampled should include equipment sur-
faces to which the food is exposed, for example, between
cooking and � nal packaging. Additional samples, such as
saturated brine used for chilling cooked products, should
be included. Other sampling sites may include � oors near
packaging machines and in coolers where exposed product
is held for further processing. The program should be
viewed as a routine investigative sampling program that
targets selected sites to detect a loss of control (49). The
sampling program is not based on a statistical sampling
plan, and it is not possible to determine a speci� c level of
con� dence that a product will not become contaminated
even though all the samples are negative. Despite this per-
ceived weakness, experience has shown that a well-de-
signed environmental sampling program can be remarkably
sensitive in detecting a loss of control.

Experience has shown that the RTE-food-processing
environment in many establishments should be sampled at
least weekly from each packaging line, with emphasis on
product contact surfaces (92). Sampling frequency should
depend on risk to consumers if the food becomes contam-
inated. Speci� cally, there should be little need for an ex-
tensive sampling program if (i) it is known that contami-
nation cannot occur after a lethal treatment (e.g., canned or
cook-in-bag products) or (ii) growth cannot occur from the
time the food is produced to the time it is eaten (e.g., fro-
zen, dried, or acidi� ed foods or certain fermented foods).
Also, consideration must be given to how the food will be
handled and prepared before it is eaten (46).

The data must be organized and reviewed as they be-
come available. One simple method is to review the results
for the last four to eight samplings. This approach provides
a moving window that can help to detect patterns and trends
over the past 1 to 2 months, assuming samples are collected
on a weekly basis. Ideally, the results also should be re-
viewed annually, if not quarterly, to obtain a longer-term
perspective and identify problems that might otherwise go
undetected. While it would be preferable to analyze and
control speci� cally for L. monocytogenes, some companies
may limit the analyses to Listeria-like colonies on modi� ed
Oxford agar or colonies that have been con� rmed to belong
to the genus Listeria.

A successful sampling program will be aggressive in
attempting to detect listeriae. In addition, an effective Lis-
teria control program must take into account the human
element as well as the scienti� c basis for control. It is im-
portant to recognize that even with an effective control pro-
gram, extensive testing will periodically detect positive
samples. Such a � nding should be viewed as a ‘‘success’’
because it indicates that the monitoring program has been
effective, the problem can be corrected, and consumer pro-
tection can be ensured. Recrimination against plant man-
agement for the presence of this ubiquitous bacterium in-
variably proves counterproductive in the long term. It is
part of human nature to avoid problems, and it is also fairly
easy to generate negative results when testing for listeriae.
In recognition of this important human element, the best
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TABLE 6. Examples of sources of contamination by Listeria species or Listeria-like organisms in RTE-food-processing operations and
corrective actions that were taken (1989–2000)

Product Equipment or area
Source(s) of contamination (i.e.,
niches or other sites of growth) Corrective action(s) taken

Franks Continuous brine chill
chamber for product sus-
pended from smoke
sticks

Sponge rubber seals around edge of
doors at top and side of chill unit

Rubber seals were removed; doors
were redesigned so that seals were
not needed

Hopper that catches franks
after peeling

Cinder blocks around opening in wall
between peeler room and packaging
room

Cinder blocks were sealed to prevent
moisture from accumulating in the
blocks; stainless steel lip was in-
stalled around top of opening to di-
vert moisture down the side

Continuous brine chill
chamber for product on
racks with wheels

Doors made of rubber-coated fabric,
large metal hinges extending the
width of the door, and hollow
bump guards at bottom of door

Doors were replaced with rigid clean-
able plastic material; large hinges
and bump guards were removed

Ammonia unit used to chill
brine solution

Fiberglass insulation on ammonia line
to brine chilling unit became satu-
rated with brine splashing from
chilling unit

Contaminated insulation was removed;
pipe and area were cleaned and
sanitized; Insulation was not placed
too close to pipe to brine chiller

Refrigeration unit near
ceiling of holding cooler
before peeling

Condensate from refrigeration unit Refrigeration unit was cleaned and
sanitized

Area of brine chill exit and
peeler

Hoses and spray nozzles at exit end
of brine chill tunnel used to spray
down franks for easier peeling

Hoses and nozzles were replaced; dai-
ly cleaning was initiated

Collator and conveyor Undetermined Equipment was covered with large
tarp and steam was injected

Peeler area Overhead on/off valves for steam and
water lines near peeling equipment

Area was included in daily sanitation
program

Franks and similar
linked products

Peeler area (multiple
events)

Peeler Peelers were modi� ed for ease and ef-
fectiveness of cleaning; centralized
casing removal systems were in-
stalled to avoid operator contact
with spent casings; metal boxes
with steam ports were built so that
peelers could be steamed each day
before start of operation

Franks Incline conveyor leading
out of peeler room into
packaging area

Two-ply Plexiglas shield guard on un-
derside of conveyor had a crack
where meat particles became en-
trapped

Plexiglas was replaced with stainless
steel guard

Brine chill Construction of brine chill tunnel had
stainless steel framing with metal
touching metal, causing an unclean-
able space

Framing was modi� ed to facilitate
cleaning and to prevent material
from getting into the space

Incline conveyor leading
from peeler room to
packaging area

Contaminated liquid was discovered
within a hollow split sprocket

Hollow sprocket was replaced with
solid sprocket

Wall in peeler room Insulation behind � berglass wall was
contaminated by condensate from
overhead pipe(s)

All � berglass/insulation was removed
from wall; concrete wall was
cleaned with an acid base cleaner,
sanitized, and sealed: overhead
pipes were rerouted to be closer to
the � oor

Casing removal system (a
long pipe through which
vacuum conveys casings
from the peeler to a can-
ister in another room)

Design made cleaning dif� cult; inade-
quate cleaning and sanitizing

System was rebuilt to shorten length,
replace existing pipe with stainless
steel, and remove deadends and 908
angles; training and education were
provided to supervisor and cleaning
person
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TABLE 6. Continued

Product Equipment or area
Source(s) of contamination (i.e.,
niches or other sites of growth) Corrective action(s) taken

Sliced lunch meats Slicer Worn hydraulic seals at base of slicer,
oil with water and product residue

Slicer was stripped, cleaned, sanitized,
and placed into oven, where moist
heat was applied; seals were replaced;
slicer was put on preventive mainte-
nance schedule; oil was used with lis-
tericidal additive (sodium benzoate)

Sliced ham from cans Slicing/packaging line Can opener with heavy wire safety
cover

Cover was modi� ed so that it could
be removed daily for cleaning (OSHA
had required that it not be removable
for employee safety)

Sliced pepperoni Slicer Buildup inside safety cover over gear
and drive belt; material from this site
contaminated product conveyor locat-
ed below

Cover was changed so that it could be
removed for cleaning each night

Diced cooked meat or
poultry

Dicer (multiple events) Undetermined Dicer was placed into oven and moist
heat was applied, or dicer was cov-
ered with tarp and steam was applied

Cooked sausage Packaging machine Crack in stainless steel covering on
top edge of the packaging machine
near loading area

Area was cleaned, sanitized, and
welded

Cooked products Conveyors (multiple
events)

Hollow rollers Hollow rollers were replaced as de-
tected; where possible, conveyors
were replaced with sloping stainless
steel slides

Hams Brine chill tunnel for prod-
uct on hanging racks

Damaged rubber seals on stainless
steel door at exit end of tunnel

Damaged door seals were replaced;
cleaning procedure was modi� ed

Cooked turkey prod-
ucts

Conveyor between shrink
tunnel and boxing

Worn conveyor made of rubber-coated
fabric

Conveyor was replaced with one of
new material

Cooked turkey breast Conveyor leading to pack-
aging machine

Fabric conveyor belt material Belt was replaced with stainless steel
slide

Cooked product stripping
area

Hand-held knives for opening product Knives were cleaned and sanitized
daily in an automatic washer and
were not stored in lockers

Large cooked products Bagging table Air duct at base of table for blowing
bags open

Table was modi� ed to make duct ac-
cessible for nightly cleaning

Breaded products Exit conveyor from spiral
freezer

Wheel bearings for conveyor belt Wheel bearings were removed and re-
placed

Spiral freezer Undetermined Cleaning frequency was increased and
equipment was allowed to defrost be-
fore cleaning

Cooked meat patties
and links

Between freezer and pack-
aging machine

Overhead conveyor Safety ladder was provided so that
conveyor could be cleaned from
above rather than from below

Wire mesh conveyor be-
tween oven and freezer

Hollow support rods for conveyor Hollow support rods were replaced
with solid support rods

Cooked sausage links Packaging machine Stainless steel rods for pushing prod-
uct into carton

Push rods were removed, cleaned, and
sanitized on daily basis

approach is to provide suf� cient technical assistance and
laboratory support to help restore control. The information
gained can be used to reduce, perhaps prevent, additional
positive samples. Sharing experiences with others can be
very helpful and should be encouraged.

For the reasons just mentioned, corporate and regulatory
policies should encourage environmental sampling programs
and consider positive � ndings more as a success of the mon-
itoring program and less as a failure of control. Working co-
operatively, industry and regulatory agencies may be more

successful in preventing the likelihood of scenario 3 events
and minimizing the occurrence of scenarios 1 and 2.

DEGREE TO WHICH PACKAGING LINES CAN
BE CONTROLLED

Results from 10 to 12 plants producing a wide variety
of RTE meat and poultry products indicate that listeriae can
be controlled but not eliminated from the cooked-product-
processing environment. For example, 50 to 68% of 79 to
106 packaging lines tested negative throughout the year
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TABLE 7. Distribution of samples from product contact surfaces that tested positive for Listeria-like organisms over a 1-year perioda

No. of samples
collected per

packaging line

No. of sample sets with:

1 positive 2 positives 3 positives 4 positives 5 positives 6 positives $7 positives

2
3
4
5
6

$7

9
19
2

28
33
26

1
1
3
8
6

5
3

1

1

1

1

Total 117 19 8 2 1 0 1

% of the total of 148
positive sample sets 80.4 12.8 5.4 1.4 0.7 0 0.7

a All samples were analyzed separately (i.e., not composited).

TABLE 8. Number and frequency of product contact surface
sample sets that tested positive for Listeria-like organisms on con-
secutive weekly samplings over 2 yearsa

No. of
posi-
tive
sets

% of
posi-
tive
sets

1 positive set, with the next set negative
2 consecutive positive sets
3 consecutive positive sets
4 consecutive positive sets
$5 consecutive positive sets

483
136
36
32
44

66.1
18.6
4.9
4.4
6.0

a The total number of sample sets collected and analyzed was
15,778, and the number of sets that tested positive was 731.

when these lines were monitored weekly from 1990
through 1999. Another 20 to 29% of the lines had only one
or two positive weekly samplings, and 12 to 22% had three
or more positives in a year. The routine methods employed
throughout this period were designed to detect Listeria-like
organisms or Listeria species, not L. monocytogenes spe-
ci� cally. Colonies that appeared to be typical for Listeria
on modi� ed Oxford agar plates were recorded as Listeria-
like. If the typical colonies were streaked onto standard
plate count agar and yielded characteristic colonies, they
were reported as Listeria species. Questionable colonies on
standard plate count agar were examined microscopically
for small rods and tested for positive catalase and negative
oxidase activity before being recorded as Listeria species.

NUMBER OF POSITIVE SAMPLES IN A
SAMPLE SET

The number of samples collected from a packaging line
should be adequate to assess control and might range from
2 to 10 samples. The number selected should re� ect the
prior history of control and the complexity of the system.
In a few cases, a list of up to 20 sites may be identi� ed
and a � xed number of samples may be randomly collected
each week from among sites on the list. To provide infor-
mation on the minimum number of samples that would be
adequate to assess control, the data for 1 year from ap-
proximately 200 packaging lines were tabulated.

For the following discussion, a sample set consists of
all samples collected from a packaging line at one time.
The number of samples collected from each packaging line
was determined according to the complexity of the opera-
tion and the equipment. The numbers of samples testing
positive in the sample sets are summarized in Table 7. For
example, for all of the packaging lines from which six sam-
ples were collected each week, there were 33 instances in
which one of the samples tested positive, 8 instances in
which two of the samples tested positive, and 5 instances
in which three of the samples tested positive. A positive
sample was determined by the presence of Listeria-like col-
onies on modi� ed Oxford agar plates.

During the year, 148 positive sample sets yielded one
or more positive samples. On 117 (80.4%) occasions, only
one sample in the sample set tested positive. On 19 (12.8%)
occasions, two of the sample sites tested positive. More-
over, there were 8, 2, and 2 occasions on which 3, 4, and
$5 samples tested positive, respectively. These data indi-
cate that when listeriae were detected on product contact
surfaces, the distribution normally was limited and either
the level was low or listeriae were not widespread across
the surfaces being sampled. The data could be interpreted
to suggest that increasing the number of sample sites would
increase the probability of detecting listeriae within a sam-
ple set. There are limitations, however, to the number of
samples that can be collected. Some packaging lines are
lengthy and complex, while other lines consist of a single
table for bulk packaging of the product into boxes. The cost
impact also must be considered when establishing a routine
monitoring program.

FREQUENCY OF CONSECUTIVE
POSITIVE RESULTS

Another factor to consider is the number of times a
packaging line is found to be positive on consecutive sam-
plings. The data in Table 8 summarize results for 2 years
during which 15,778 sample sets were collected from about
200 packaging lines producing a wide variety of products.
On 731 (4.6%) occasions, a packaging line was positive for
listeriae. On 483 (66.1%) of those occasions, the packaging
line was positive one week and negative the next (i.e., an
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TABLE 9. Relationship between environmental samples testing
positive for Listeria species and the presence of L. monocytogenes

Plant
No. of positive
Listeria samples

% of positive
samples with

L. monocytogenes

1
2
3
4
5
6
7
8
9

10
11
12

115
90

128
328
237
204
46
85
90

219
241
318

96
71
62
57
54
47
41
38
34
27
23
5

isolated positive). On 136 (18.6%) occasions, a positive
sample was detected from a packaging line for two con-
secutive weeks. On 112 (15.3%) occasions, certain pack-
aging lines were positive for three or more consecutive
weeks. Again, these data indicate that when a positive pack-
aging line is detected, the degree of contamination is nor-
mally limited to an isolated positive � nding or two consec-
utive positive � ndings. These events accounted for about
85% of the positive � ndings.

When the data in Tables 7 and 8 are considered to-
gether, it is evident that listeriae are usually very limited in
both distribution and frequency, in part because every pos-
itive � nding is pursued to eliminate the contamination.This
process involves a variety of corrective actions and a level
of sampling beyond that required by the basic monitoring
program.

These data support a policy with an initial emphasis
on implementing corrective actions and not on product test-
ing in the event that a product contact surface sample gives
a positive test result. If the initial corrective actions are not
effective, then product testing becomes more appropriate.
It is a matter of judgment whether product testing, which
involves holding all the product produced from the positive
line, should be applied after the � rst or the second positive
� nding. The data indicate a 33.9% probability that a line
will again test positive on the next consecutive sampling.

Of the greatest concern are lines with repeated posi-
tives over a prolonged period. Some of these events re� ect
dif� culty in � nding the source (i.e., niche). Hundreds of
samples may be necessary to detect the source before ef-
fective corrective actions can be implemented. It is impor-
tant that the monitoring program be capable of identifying
these events, particularly so that appropriate safeguards
(e.g., placing a product on hold and testing it) can be im-
plemented until the problem is resolved. At its best, a mon-
itoring system will reveal the extent of a problem so that
resources that are typically limited can be directed where
attention is most needed.

THE RELATIONSHIP BETWEEN LISTERIA
SPECIES AND L. MONOCYTOGENES

What is the likelihood that a sample testing positive
for Listeria species would be con� rmed to be positive for
L. monocytogenes? During 1990 and 1991, approximately
18,000 environmental samples were analyzed from 12
plants producing a variety of RTE meat and poultry prod-
ucts (92). It was found that 44% of the samples yielded
black modi� ed Fraser broth, 15% yielded suspect colonies
on modi� ed Oxford agar plates, and 13% were determined
to be positive for Listeria species. Subsequent tests found
that 40% of the samples with Listeria species were con-
� rmed to contain L. monocytogenes.

The likelihood that a sample containing Listeria spe-
cies would contain L. monocytogenes varied with each plant
(Table 9). From 1987 through 1991, this likelihood re-
mained relatively stable within each plant. Thus, the sig-
ni� cance of a � nding of Listeria species was highly depen-
dent on the unique ecology that was characteristic of each
plant.

Some advantages of testing only for Listeria species or
Listeria-like organisms rather than testing for L. monocy-
togenes are that the results become available sooner and at
a much lower cost, there is greater latitude in methodology,
and the concern that Listeria innocua or other species will
mask the presence of L. monocytogenes is avoided. More-
over, a program that is based on the control of Listeria
species is more conservative and will control L. monocy-
togenes. It is important, however, to respond to all positive
Listeria species results as though they are L. monocyto-
genes.

SEASONALITY

Experience has shown a higher prevalence rate in the
processing environment during the summer months (92).
This general pattern persisted for over 10 years, with the
degree of � uctuation being reduced through a process of
continuous improvement, application of the recommenda-
tions previously reported, and reduced response times in the
event of positive samples (91–93). The higher prevalence
in the summer months was likely related to increased pro-
duction and greater dif� culty in maintaining control of the
processing environment. Similar experience has been noted
in the cold-smoked � sh industry, with more positive sam-
ples being detected during periods of intensive production
(i.e., in November and December) just before the holiday
season (40). Thus, high throughput can be an important
factor in in� uencing control.

The above � ndings must be interpreted with caution.
The relative in� uence of seasonality as a function of
throughput, warmer temperatures, and level of control may
depend on the plant, the type of food being processed, and
other factors yet to be identi� ed. For example, a low-
throughput plant that is not in control would be more likely
to yield a higher percentage of positive environmental sam-
ples than a high-throughput plant that maintains an aggres-
sive program of sampling and responding to the results.

RESPONSE TO A POSITIVE FINDING

The ultimate goal of a sampling program is to control
the environment so that all of the product contact surface
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FIGURE 1. Example showing how positive results for samples
collected from 1 to 21 August can be mapped for the steps from
cooking to packaging along a frankfurter line. a Numerals indi-
cate the dates in August on which positive samples were detected
on the incline conveyor.

samples consistently yield negative results. If a positive
sample is detected, however, corrective action is necessary.
In general, the equipment that is the source of the positive
sample should be dismantled (while suspicious sites are
sampled), cleaned, and sanitized. This procedure is nor-
mally adequate, and it is the preferred corrective action.
Occasionally, extensive dismantling and cleaning will prove
ineffective. For smaller equipment with many parts, clean-
ing in a recirculating bath of hot water with detergent will
be effective, particularly because of the heat. Often, for
larger equipment that can be moved, sensitive electronics,
oil, and grease can be removed, and the equipment can be
moved into an oven (e.g., a smokehouse) for heating with
moist heat. If this is not possible, the equipment can be
covered with a heat-resistant tarp, and steam can be intro-
duced from the bottom. When steam heating is carried out
in an oven or under a tarp, the target is to achieve an in-
ternal temperature of 1608F (718C) and to hold this tem-
perature for 20 to 30 min. Thermocouples placed within the
equipment can be used to monitor the temperature.

Even in the best of operations, listeriae can become
established in a niche and lead to positive product contact
surface samples. To regain control, it is necessary to deter-
mine the source of the contamination so that appropriate
corrective actions can be taken. A simple map showing the
layout of the rooms and the equipment can be bene� cial.
As positive sites are detected, these sites should be marked
on the map with the dates. A very simple schematic draw-
ing such as that in Figure 1 or a blueprint of the facility
can be used. By organizing the results to show which sites
test positive more frequently and where the positive sam-
ples � rst occur, the source of contamination can be more
easily located. In an environment that has been in control,
this will often lead to speci� c equipment that is harboring
the bacterium. In general, contamination � ows down along
or through processing equipment with the � ow of the prod-
uct.

An abbreviated analytical method for listeriae can be
used in investigating a source of contamination. For ex-
ample, it is faster and much cheaper to stop the analysis
following incubation of the modi� ed Fraser broth tubes. By
striving for samples that do not yield black tubes, samples
from more sites and from different times can be processed,
and more information can be obtained sooner.

FACING THE REALITY THAT LISTERIAE WILL
CONTINUE TO BE INTRODUCED INTO THE

RTE-FOOD-PROCESSING ENVIRONMENT

Despite the best efforts, listeriae will continue to be
reintroduced into food-processing environments. Failure to
control listeriae on � oors increases the likelihood that pack-
aging lines will eventually test positive. One method to
control listeriae on � oors is to scrub the � oors with caustic
powder, rinse them, sanitize them with a high concentration
of sanitizer (e.g., 800 to 1,000 ppm quaternary ammonium
compound), and dry them. Maintaining clean, dry � oors
can be effective in most situations. A � ne application of
crystalline citric acid to maintain a pH of #4.5 (as indicated
by pH paper) can improve control in certain areas, but the
� ooring material must be able to withstand this treatment.
Other methods (e.g., frequent application of sanitizer) may
prove necessary in areas where the � oor remains wet be-
cause of the type of operation.

Cleaning and sanitizing procedures should be directed
toward Listeria control. Cleaning more frequently during
production, at midshift, or between shifts is counterproduc-
tive and detrimental to Listeria control and must be avoid-
ed. A clean, dry environment is preferable to a wet envi-
ronment during production. Contamination is normally lim-
ited to a single packaging line, with adjacent lines not being
affected. Random contamination from air, people, packag-
ing materials, and so forth, is minor. In a facility with a
controlled environment, growth within a niche is the major
concern. It should be apparent that an assertion that Listeria
contamination is due to poor sanitation indicates a lack of
understanding of this dif� cult issue.

Extensive research has shown that bacteria adhering to
surfaces in bio� lms are more resistant to sanitizers. This
may lead some to believe that bio� lms are a key factor
in� uencing the survival and growth of listeriae in the en-
vironment and on or in equipment. This may be true in
certain closed systems that rely on clean-in-place technol-
ogy. In open systems, however, available chemical agents
are very effective for removing listeriae, provided that ad-
equate mechanical action (e.g., scrubbing) is applied to the
surfaces, before rinsing and sanitizing. Exposed surfaces,
however, are seldom sources of listeriae. Of greater concern
are enclosed areas (e.g., within a hollow roller on a con-
veyor) where food deposits and moisture accumulate and
cannot be removed by normal cleaning, scrubbing, and dis-
infecting. These harborage sites are not bio� lms per se, but
rather niches in which a variety of bacteria become estab-
lished and multiply.

FUTURE DIRECTIONS

Some future changes will be necessary to improve and
maintain control of the food-processing environment. Con-
tinued improvements in equipment design are needed to
facilitate cleaning, to eliminate potential harborage sites,
and to minimize breakdowns and repairs during operation.
A certi� cation program is being developed for equipment
to be used in meat- and poultry-processing operations.
There will likely be more extensive use of steam as de-
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scribed above for sanitizing certain equipment at some rou-
tine frequency (e.g., weekly). For this purpose, equipment
must be designed so that electronic components can be pro-
tected when steam is applied. More durable � oors are need-
ed to withstand the increased use of chemicals. Improved
control is needed for recirculating brine solutions for chill-
ing foods (e.g., frankfurters, hams) after cooking. One
method that shows promise is to acidify the brine solution
to a pH of #3.5 with citric acid. There will be increased
use of postpackaging pasteurization with irradiation, hot
water, steam, high pressure, and so forth.

New food additives that inhibit L. monocytogenes will
be introduced and will become more widely used in foods
in which growth can occur. Current USDA-FSIS policies,
however, provide few options for inhibiting L. monocyto-
genes in RTE meat and poultry products. The most widely
used additives include sodium lactate, sodium diacetate,
and combinations of the two (e.g., 2% sodium lactate on a
dry weight basis and 0.1 to 0.15% sodium diacetate). Other
methods (e.g., the addition of peptides or live lactic acid
bacteria cultures) are being investigated as additionalmeans
to prevent growth during refrigerated storage of a variety
of perishable foods.

USDA-FSIS policy now requires the addition of a crit-
ical control point when new ingredients are added for the
control of listeriae. This requirement places an unnecessary
burden on companies that are willing to pay the extra cost
of the additive(s) and use them to enhance consumer pro-
tection. Instead, their use should be encouraged and not
treated differently from that of traditional inhibitory addi-
tives such as salt, sodium nitrite, acidi� ers, and smoke. For
foods in which L. monocytogenes can multiply, the primary
line of defense is to prevent product contamination; inhib-
itory additives can be viewed as additional insurance in the
event that contamination occurs.

Likewise, restrictive regulatory requirements for vali-
dation of postpasteurization treatments that may not offer a
5 or 6D reduction should be avoided. Some postpasteuri-
zation methods may offer incremental protection that can
be bene� cial for enhancing consumer protection, and their
use should be encouraged.

One of the outcomes of the Food and Agriculture Or-
ganization–World Health Organization risk assessment for
L. monocytogenes in RTE foods is that risk increases with
the number of cells consumed (32). Thus, consumer pro-
tection is not a presence-or-absence issue, but rather a num-
ber-of-cells-consumed-per-serving issue. While this may
have been obvious to some, this information provides guid-
ance to the RTE food industry as it strives to minimize
risk. To date, the industry has been seeking technologies
that prevent or eliminate L. monocytogenes in RTE foods,
but for some foods this is an unachievable goal. The in-
dustry should consider technologies that can minimize risk
by reducing the number of cells likely to be consumed. This
could be achieved, for example, through the use of addi-
tives that extend the lag phase but may not prevent eventual
growth or through postpackaging technologies that can sig-
ni� cantly reduce but may not eliminate L. monocytogenes
in a food. For certain products, until the ideal technology

becomes available, combinations of partially effective con-
trol measures may be the preferred method to minimize risk
while still producing products of acceptable quality. Ad-
mittedly, producers operating in a regulatory environment
of zero tolerance for L. monocytogenes would still be in
jeopardy if their product tested positive, but they would be
closer to achieving the greater goal of consumer protection.

CATEGORIZATION OF FOODS ACCORDING TO
RISK TO CONSUMERS: FOODS THAT DO NOT

SUPPORT GROWTH

Certain types of food are of low risk to consumers
because they do not support the growth of L. monocyto-
genes. Such foods include products with a low pH and/or
low water activity (e.g., barbecued products, fermented dry
sausage, jerky, dry cured meats, precooked bacon) and fro-
zen products that are typically heated before serving (e.g.,
frozen dinners, entrees, pizza). Many other types of prod-
ucts are of no apparent risk because they are cooked in the
container in which they are sold or they are hot � lled at a
temperature that will preclude the presence of L. monocy-
togenes. The policies of Canada and legislation currently
being considered by the Commission of the European Com-
munities, for example, place foods that do not support
growth into a lower-risk category. More stringent criteria
are applied to those foods that do support growth or that
are intended for higher-risk populations.

Regulatory policy should re� ect differences in risk
(46). Current FDA and USDA tolerances should be
changed to recognize a food safety objective of no more
than 100 CFU/g at the time the food is eaten. Such an
objective acknowledges the lower likelihood that small
numbers of cells will be involved in foodborne listeriosis,
the widespread distribution of L. monocytogenes in our en-
vironment, and the dif� culty in producing products that will
consistently test negative for L. monocytogenes. It has been
estimated that foods containing no more than 100 CFU/g
when they are eaten would provide a level of consumer
protection comparable to that of foods that meet a criterion
of ‘‘absence in 25 or 50 g’’ (32).

THE NEGATIVE IMPACT OF A ZERO
TOLERANCE POLICY ON EFFORTS TO

CONTROL L. MONOCYTOGENES

Several practical reasons have already been given for
testing for Listeria species or Listeria-like organisms and
not speci� cally for L. monocytogenes. Additional reasons
stem from the FDA and USDA-FSIS zero tolerance policy
for L. monocytogenes in food and from changing FSIS pol-
icies. Current FSIS policy requires the recall of a product
in which L. monocytogenes has been found, because such
a product is considered adulterated.

Current USDA-FSIS policy also assumes that all of the
food produced on a packaging line is adulterated if L. mon-
ocytogenes has been found on a product contact surface.
The amount of the product implicated includes all of the
food that came in contact with the equipment from the start
of production until the equipment was cleaned and sanitized.
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In late 1998, a major recall of sliced lunch meats and franks
totaling about 1,800,000 lb occurred after a plant’s testing
program detected L. monocytogenes on product contact sur-
faces. The product had not been linked to any known cases
of listeriosis, but subsequent testing of products from retail
outlets by the FSIS yielded L. monocytogenes. This event
and numerous others since 1987 have discouraged the RTE
food industry from con� rming the presence of L. mono-
cytogenes in their environmental sampling programs.

The detection of L. monocytogenes in the food-pro-
cessing environment also is considered evidence by the
FSIS that the pathogen is ‘‘reasonably likely to occur’’ and
therefore must be addressed in the hazard analysis critical
control point (HACCP) plan. This is a requirement that ig-
nores the different roles of the HACCP plan and prereq-
uisite programs in managing the microbiological safety of
food. In reality, the requirement cannot be met because
postprocessing contamination is not controlled through the
HACCP plan but through a wide variety of prerequisite
programs (93). Again, this regulatory con� ict can be avoid-
ed by not testing speci� cally for L. monocytogenes.

Finally, if a product from a given establishment is
known to have had a chronic problem with regard to pos-
itive samples or is suspected of having been the source of
human listeriosis, the USDA-FSIS will obtain, through
court order if necessary, all existing environmental and
product test results from the establishment. In addition, all
isolates that the establishment may have recovered from the
environment or from the product and maintained in a cul-
ture collection for validation tests or other purposes must
be provided to the agency along with any pulsed-� eld gel
electrophoresis � les that may exist for isolates.

The current regulatory policy is, in essence, a “zero
presence” policy that does not encourage testing for L.
monocytogenes per se. Yet, there is general agreement
among industry and agency personnel on the importance of
maintaining an aggressive sampling program to assess con-
trol of the environment. At present, many industry pro-
grams strike a balance between providing maximum con-
sumer protection and working under the constraints of reg-
ulatory policy. This situation has stymied research on the
ecology of L. monocytogenes in the environment and has
led to the use of indicators.

Among the changes proposed by the USDA-FSIS in
February 2001 (37) is one that would require a product
produced on equipment on which Listeria species or Lis-
teria-like organisms have been detected to be tested for L.
monocytogenes. The implementation of this proposal would
require holding all product produced on a sampled line until
the results became available and it was known whether the
product could be released. According to the proposal, if
subsequent testing of the product revealed L. monocyto-
genes, then the product would be recalled from the market
and an accompanying public announcement would be is-
sued. If adopted, this policy would shift the balance away
from industry’s desire to implement aggressive environ-
mental testing programs, because the industry would � nd
it very dif� cult to hold all of the product involved and

would also frequently fail to meet the shipping times ex-
pected by its customers.

The prevalence of product samples testing positive for
L. monocytogenes in the USDA-FSIS monitoring program
suggests the magnitude of the risk posed by the proposed
policy to industry as a whole, bearing in mind that some
would test for an indicator (i.e., Listeria species or Listeria-
like organisms). Thus, the 1 to 5% prevalence rate men-
tioned earlier for L. monocytogenes presumably would be
higher if an indicator were used. The impact of the pro-
posed policy must be weighed against the estimated reduc-
tion in cases of foodborne listeriosis from the current esti-
mate of 2,493 cases per year in the United States (65). Very
likely, better consumer protection would result from the es-
tablishment of a policy that encourages frequent, aggressive
testing for Listeria species or Listeria-like organisms, fol-
lowed by appropriate corrective actions for positive results.

Clearly, regulatory policy can have a profound in� u-
ence on industry’s willingness to test for L. monocytogenes
per se and to generate the information needed to better un-
derstand the ecology of this potential pathogen in food-
processing operations. Unfortunately, after more than a doz-
en years, neither the FSIS nor the industry has gained
meaningful insight into the ecology of L. monocytogenes in
the environment of RTE meat- and poultry-processing op-
erations. The majority of this information must be gleaned
from European research.

ADDITIONAL INFORMATION

A new book from the International Commission on Mi-
crobiological Speci� cations for Foods (49) provides addi-
tional guidance on environmental testing and the develop-
ment of food safety management systems for the control of
microbiological hazards in foods. An excellent review of L.
monocytogenes from Health Canada is available for addi-
tional information on this important pathogen (30). A risk
evaluation and recommended control measures for cold-
smoked � sh have become available (9, 33). In addition, two
L. monocytogenes risk assessments are nearing completion
(32, 34). Each will be available through its respective or-
ganization’s Web site.
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