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Managing Listeria monocytogenes 
in the Food Processing Environment 

While the following information will be di- 
rected toward control of L. monocytogenes, the 
information can be applied for control of other 
pathogens (e.g., salmonellae) and spoilage mi- 
croorganisms. When applying this information 
to other situations the temperature of the envi- 

ronment in relation to the lower limit for 
growth of the target organism should be con- 
sidered. Thus, salmonellae would not be ex- 
pected among the resident flora in refrigerated 
workspaces. 

Experience over the past 10 -1 5 years points to 
recontamination as the primary source of L. 
monocytogenes in many commercially pre- 
pared ready-to-eat processed foods. This reali- 
zation has led to significant changes in how the 
post-processing environment is managed. For 
example, modifications have been necessary in 
cleaning and disinfecting, plant layout, equip- 
ment design and personnel practices. Experi- 
ence further indicates that L. monocytogenes 
will continue to be introduced into the cooked 
product environment. Under these circum- 
stances it is possible to minimize, but not pre- 
vent, the risk of product contamination. 

The public health significance of listeriosis is 
well known. Although the disease may be rare 
(eg, about 1 to 9 cases per million per year) 
and accounts for only about 0.02% of total 
foodborne illness, listeriosis accounts for about 
28% of deaths due to foodborne illness (Mead 
et al, 1999; Ross, Todd and Smith, 2000; Bu- 
chanan and Lindqvist, 2000). The disease is of 
high severity among those who are at high risk 
(i.e., immunocompromised) and attention must 
be given to manage the risk of their exposure. 
It also has been established that the foods of 
greatest concern are those in which L. monocy- 
togenes can multiply. In general, foods that 
have been implicated in listeriosis have had 
levels of greater than 10001g or ml. Consumer 
protection, then, is partially dependent upon 
preventing contamination of those foods in 
which growth can occur. 

Another important factor that is becoming rec- 
ognized is that certain strains of L. monocyto- 
genes are more likely to be involved in listerio- 
sis. This would help explain the low number of 
cases despite frequent exposure. For example, 
the USDA-FSIS monitoring program for prod- 



ucts sampled at FSIS inspected establishments 
between 1989 and 1999 has shown a prevalence 
rate for L. monocytogenes of - 2-3% for cooked 
beef, - 2-5% for small diameter sausages such 
as franks, - 1-3% for cooked poultry and - 1 - 
5% for ready-to-eat meat and poultry salads. 
Sliced lunchmeat ranged between 4.2 and 7.8% 
between 1994 and 1999. Prevalence rates of this 
nature are typical for a wide variety of foods 
throughout much of the world. Yet, sympto- 
matic listeriosis remains a rare illness. 

Additional evidence that certain strains are 
more likely to cause illness is that throughout 
the world only three serotypes (i.e., 4b, 112a and 
112b) account for 89-96% of human listeriosis 
(Farber and Peterkin, 1999). Research by Dr. 
M. Wiedtnan of Cornell University and others 
have found certain strains of L. monocytogenes 
are more likely to be implicated in illness. A 
growing list of outbreaks reveals that certain 
virulence factors are shared by the implicated 
strains. 

Another important source of information in- 
volves the microbial ecology of the food proc- 
essing environment. Several studies have dem- 
onstrated that certain strains become established 
in a food processing facility and can remain for 
extended periods of time (eg, months, years). 
The risk of listeriosis appears to be highest 
when a highly virulent strain becomes estab- 
lished in the food processing environment, lead- 
ing to contamination of the food, multiplication 
occurs in the food following packaging, and one 
or more members of the more highly suscepti- 
ble population consumes the food. 

Foodborne listeriosis appears to generally fol- 
low a pattern of three scenarios. Scenario 1 con- 
sists of isolated cases for which information 
about the food is seldom available due to the 
long incubation period (i.e., days to weeks). 
Scenario 2 consists of an outbreak or cluster of 
cases involving a single lot of contaminated 
food. These events typically involve errors in 
food handling that lead to a single lot of food 

becoming contaminated and an opportunity for 
multiplication before the food is consumed. 
Once the implicated quantity of food is elimi- 
nated further cases cease to occur. Scenario 3 
consists of an outbreak involving a few cases to 
several hundred cases scattered by time and lo- 
cation. The outbreaks typically involve an un- 
usually virulent strain that has become estab- 
lished in the environment and contaminates 
multiple lots of food over days or months of 
production (Table 1). Experience in cooked 
meat and poultry operations indicates that a 
niche is coinmonly involved. A niche is a site 
within the cooked product environment wherein 
L. monocytogenes becomes established and 
multiplies. The sites may be impossible to reach 
and clean with normal cleaning and sanitizing 
procedures. In fact, in operations with an effec- 
tive listeriae control program the processing en- 
vironment typically appears visually clean and 
acceptable. The sites serve as a reservoir from 
which the pathogen is dispersed during opera- 
tion and contaminates food contact surfaces and 
food. In a controlled environment the niche usu- 
ally affects only the food along one packaging 
line and not the product on a close adjacent line. 

Microbiological testing is necessary to detect a 
niche. Examples of a niche include hollow roll- 
ers on conveyors, cracked tubular support rods 
on equipment, the space between close fitting 
metal-to-metal or metal-to-plastic parts, worn or 
cracked rubber seals around doors, on-off 
valves and switches for equipment, and satu- 
rated insulation. In all three scenarios, there is 
an opportunity for L, monocytogenes to multi- 
ply before the food is consumed. Food proces- 
sors should establish control systems to prevent 
scenario 3 events and minimize the risk of sce- 
narios 1 and 2. The next priority should be to 
comply with current regulatory policies to fur- 
ther ensure an acceptable level of consumer 
protection. 

Two factors determine the effectiveness of a lis- 
teriae control program, environmental testing 
and the response to a positive finding. Without 



an environmental testing program it is not pos- 
sible to assess control. In the event a positive 
product contact sample is detected, corrective 
actions should be initiated to identify and con- 
trol the source of contamination, thereby mini- 
mizing the risk of product contamination. This 
means that a routine sampling program should 
be established to provide a continuing assess- 
ment of control. Experience has shown that the 
frequency of sampling the ready-to-eat envi- 
ronment in many operations should be weekly 
with emphasis on product contact surfaces. 
The need for sampling and frequency should 
depend on risk to consumers in the event the 
food becomes contaminated. There should be 
little, if any, need for an extensive sampling 
program if it is known that growth can not oc- 
cur between when the food is produced and 
when it is consumed (e.g., frozen, dried, or 
acidified foods). 

An example of a sampling program and associ- 
ated measures to minimize the presence of L. 
monocytogenes in the ready-to-eat foodproc- 
essing environment have been recommended 
(Tompkin, et a1 1992 and 1999). If sampling 
weekly, the results for the previous 7 sam- 
plings should be reviewed each week to detect 
patterns and trends. Ideally, the results also 
should be reviewed annually, if not quarterly, 
to obtain a longer-tenn perspective and iden- 
tify problems that might otherwise go unde- 
tected. While it would be preferable to analyze 
and control directly for L. monocytogenes, 
regulatory and/or company policies may result 
in the analyses being limited to a finding of 
Listeria-like colonies on modified MOX agar 
or colonies that have been confirmed to be of 
the genus, Listeria. 

An effective listeriae control program must 
take account of human nature as well as the 
scientific basis for control. While it is human 
nature to avoid problems, it is important to rec- 
ognize that control of listeriae will periodically 
result in a positive finding. This should be 
viewed as a "success" because the monitoring 

I 

program has been effective, the problem can 
be corrected and consumer protection can be 
ensured. Recrimination against plant manage- 
ment for the presence of this ubiquitous bacte- 
rium invariably proves counter-productive in 
the long term. The better response is to provide 
technical assistance and laboratory support to 
help restore control. The information gained 
can be used to reduce, perhaps prevent, addi- 
tional positives. Under the best of circum- 
stances sharing experiences among peers can 
prove very helpful. 

Experience has shown that the most effective 
response to a positive finding of listeriae on a 
product contact surface is to help determine the 
source so it can be corrected. A simple map 
showing the layout of equipment can be bene- 
ficial. As positives are detected the sites should 
be marked on the layout map with the date 
(Figure 1). This procedure is useful for orga- 
nizing results, identifying which sites are more 
positive and where the positives first occur. 
This information will help to identify the 
equipment that is harboring the bacterium. In 
general, contamination flows down along a 
packaging line much like a river. 

When investigating the source of contamina- 
tion it may be better to use an abbreviated 
method for listeriae. It is faster and much 
cheaper to stop the analysis following incuba- 
tion of the modified Frazer broth tubes. By 
striving for no black tubes, more samples (e.g., 
more sites, different times during the day) can 
be processed and more information obtained. 

When equipment has been identified as the 
likely source, the equipment should be disman- 
tled (meanwhile sampling suspicious sites), 
cleaned and sanitized. Occasionally, the most 
extensive dismantling and cleaning will prove 
ineffective. In such cases sensitive electronics, 
oil and grease should be removed and the 
equipment subjected to steam heat. The equip- 
ment can be moved into an oven (e.g., smoke- 
house) or, if this is possible, the equipment 



should be shrouded with a heat resistant plastic 
tarp and steam introduced from the bottom. 
The target is to achieve an internal temperature 
of 70C. Thermocouples placed within the 
equipment can be used to verify the tempera- 
ture. 

Results over the past 12 years from a wide va- 
riety of operations indicate that listeriae can be 
controlled, but not eliminated, from the cooked 
product environment. Despite best efforts the 
bacterium will continue to be re-introduced to 
the environment. While failure to control lis- 
teriae on the floors increases risk to packaging 
lines, an effective means to control listeriae on 
floors has remained elusive. 

Cleaning and sanitizing procedures should be 
directed toward listeriae control. Washing 
equipment more frequently during production 
(e.g., mid-shift, between shift) is detrimental to 
listeriae control and must be avoided. Contrary 
to common opinion, random contamination 
from air, people, packaging materials, etc is 
minor. Workers hands/gloves, however, can 
serve as a vector in transferring contamination 
from unclean surfaces to product. In a facility 
with a controlled environment, growth within a 
niche is of greatest concern. Contamination is 
normally limited to a single packaging line, 
with adjacent lines not affected. Considering 
our growing knowledge of listeriae control, 
statements that listeriae contamination is due 
to poor sanitation indicates a lack of under- 
standing of the issue. 

Recognizing the continuing challenge faced by 
the food industry some future changes will 
likely occur. Better equipment design is 
needed for improved cleanability and to mini- 
mize the possibility of niches. More durable 
floors are needed to withstand the increased 
use of chemicals. There will likely be greater 
use of steam for sanitizing certain equipment at 
some routine frequency, as described above. 
Food additives that inhibit L. monocytogenes 
will become more widely used in those foods 

where growth can occur. As an alternative to 
inhibitors, there will be increased use of post 
packaging pasteurization when product quality 
will not be adversely affected. 

It would be helpful if regulatory policies were 
to encourage environmental sampling pro- 
grams and treat a positive finding more as a 
success of the monitoring program and less as 
a failure of control. It is through a cooperative 
atmosphere that industry and regulatory agen- 
cies can most effectively prevent the likelihood 
of scenario 3 events and minimize the occur- 
rence of scenarios 2 and 1. 

An excellent review of L. monocytogenes from 
Health Canada is available for additional infor- 
mation on this important pathogen (Farber and 
Peterkin, 1999). In addition, the FAOIWHO L. 
monocytogenes risk assessments listed below 
have had strong Canadian input and can be ac- 
cessed for the most recent updates through the 
F A 0  and WHO websites. 
References: 

Buchanan, R. and Lindqvist. 2000. Hazard 
identification and characterization of Listeria 
monocytogenes in ready-to-eat foods. Prelimi- 
nary Report prepared for the Joint FAOIWHO 
Expert Consultation on Risk Assessment of 
Microbiological Hazards in Foods. F A 0  Head- 
quarters, 17-2 1 -July, Rome. 

Farber, J.M. & Peterkin, P.I. (1999). Listeria. 
In "The Microbiology of Food" (eds., Lund, B. - 
M., Baird-Parker, A.C. & Gould, G.W.). Chap- 
ter 47, pages 11 78-1232, Chapman and Hall, 
London. 

Mead, P. S., Slutsker, L., Dietz, V., McCaig, 
L. F., Bresee, J. S., Shapiro, C., Griffin, P. M. 
and Tauxe, R. V. 1999. Food-related illness 
and death in the United States. Emerging In- 
fect. Dis. 5:607-625. 

Ross, T., Todd, E. and Smith, M. 2000. Expo- 
sure assessment of Listeria rnonocytogenes in 



ready-to-eat foods. Preliminary report prepared for the Joint FAOIWHO Expert Consultation on 
Risk Assessment of Microbiological Hazards in Foods. FA0 Headquarters, 17-21 -July, Rome. 

Tompkin, R.B., Christiansen, L.N., Shaparis, A.B., Baker, R. L. and Schroeder, J. M. 1992. Con- 
trol of Listeria monocytogenes in processed meats. Food Australia, 44: 370-376. 

Tompkin, R. B., Scott, V. N., Bernard, D. T., Sveum, W. H. and Gombas, K. S. 1999. Guidelines to 
prevent post-processing contamination from Listeria monocytogenes. Dairy, Food and Environ. 
Sanit. 19:551-562. 

Table 1. Examples of Scenario No. 3 

Country, yeads) Implicated food No. cases 
France, 1975-1 976 Unknown 1167 
Switzerland, 1983-87 Cheese 122 
USA, 1985 Mexican-style cheese 142 
UK, 1987-88 Pate' >300 
France, 1992 Jellied pork tongue 279 
France, 1993 Pork rillettes 39 
USA, 1994 Chocolate milk 53 
France, 1995 Brie cheese 3 6 
Sweden, 1994-95 Cold smoked/gravad trout 6-8 
USA, 1998-99 Franks (lunchmeat?) -100 
France, 2000 Jellied pork tongue 26 
Finland, 1998-99 Butter 18 

7. Packaging 6. Collator 

1 
5. Incline 

Machine 4 8-1, 8-7, 8-9, 4 Conveyor 
8- 1 ,  8-5, 8-7, 8-9, 8- 8-14, 8-21 
14, 8-15, 8-21 8-1, 8-15-, 8-21 

Figure 1. Example showing how positive results for samples collected from August 1 to 21 
from 7 steps along a frankfurter line could be mapped. 


