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ABSTRACT 
 
Listeria monocytogenes is the causative agent of the severe foodborne infection listeriosis. The 

number of listeriosis cases in recent years has increased in many European countries, including 
Finland.  Total elimination of the pathogen from the food chain is hardly possible, but 
contamination needs to be minimized and growth to high numbers in foods prevented in order to 
reduce the incidence of cases in humans. The aim of this study was to evaluate contamination routes 
of L. monocytogenes in the food chain and to investigate methods for control of the pathogen in 
food processing. 

 
L. monocytogenes was commonly found in wild birds, the pig production chain and in pork 

production plants. The bacterium was not evenly distributed, but it was found most frequently in 
certain sites, such as birds feeding at landfill site, organic farms, tonsil samples, and sites and 
products associated with brining. L. monococytogenes in birds, farms, food processing plant or 
foods did not form distinct genetic groups, but populations overlapped, although some genotypes 
seemed to be overall more common in the food chain than others. 

 
The majority of genotypes recovered from birds were also detected in other sources such as a 

variety of foods, food processing environments and other animal species. Clearly, birds do not 
harbour a distinct group of L. monocytogenes of  their  own  and  they  may  disseminate  L. 
monocytogenes into food processing environments or directly into foods. Similar genotypes were 
frequently found in different pigs on the same farm, and rectal swabs collected on farms had similar 
strains to those later isolated from pigs in the slaughterhouse. L. monocytogenes contamination 
spreads at farm level and may be a contamination source into slaughterhouses and further into 
carcasses and meat. Incoming raw pork in the processing plant was frequently contaminated with L. 
monocytogenes and genotypes in raw meat were also found in processing environment and in RTE 
products.  Thus, raw material seems to be a considerable source of contamination into processing 
facilities.  In  the  pork  processing  plant,  the  number  of  L. monocytogenes-positive environmental 
samples and prevalence in pork significantly increased in the brining area, showing that the brining 
machine and personnel working with brining procedures were an important contamination site. 

 
Recovery of the inoculated L. monocytogenes strains clearly showed that there were strain-

specific  differences  in  the  ability  to  survive  in  lettuce  and  dry  sausage.  The  ability  of  some  L. 
monocytogenes strains to survive well in food production raises a challenge for industry, because 
these strains can be especially difficult to remove from the products. Possible variation in 
susceptibility and development of resistance in L. monocytogenes strains can create problems and 
raises a need to use an appropriate hurdle concept to control most resistant strains.    

 
Control of L. monocytogenes can be implemented throughout the food chain.  Farm-specific 

factors such as large group size, contact of pigs with pets and pest animals, treatment of manure, 
hygiene practices, and drinking from a trough affected the prevalence of L. monocytogenes. Good 
farm-level practices can therefore be utilized to reduce the prevalence of this pathogen on the farm 
and possibly further in the food chain. Since birds harbor L. monocytogenes, preventing access of 
birds into food processing environments is important. Well separated areas in a pork production 
plant  had  low prevalences  of  L. monocytogenes, thus showing that compartmentalization controls 
the pathogen in the processing line. The food processing plant, especially the brining area, should 
be subjected to disassembling, extensive cleaning and disinfection to eliminate persistent 
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contamination by L. monocytogenes, and replacing brining with dry-salting should be considered. 
All of the evaluated washing solutions decreased the populations of L. monocytogenes on precut 
lettuce, but did not eliminate the pathogen. Thus, the safety of fresh-cut produce cannot rely on 
washing with disinfectants, and high-quality raw material and good manufacturing practices remain 
important. L. monocytogenes was detected in higher levels in sausages without the pediocin-
producing protective culture than in sausages with this protective strain, although numbers of L. 
monocytogenes by the end of the ripening decreased to the level of <100 MPN/g in all sausages. 
Protective starter cultures, such as Lactobacillus plantarum, provide an appealing hurdle in dry 
sausage processing and assist in the control of L. monocytogenes. 
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1 INTRODUCTION 
 
 
The history of the bacterium Listeria monocytogenes is hundred of years old, but its 

predominantly foodborne nature, for which it is most known nowadays, was not truly recognized 
until the 1980s. Since then, L. monocytogenes has been recognized as a major cause of foodborne 
infections and the knowledge of the pathogen and the methodological possibilities in research has 
taken giant leaps, but still there remain things to be discovered. 

 
The state of L. monocytogenes as a causative agent of human infections has changed over times. 

When it was found to be a human pathogen in the 1920s, it was first thought to be mainly a disease 
of farmers and veterinarians getting infected straight from the farm animals. After the discovery of 
the foodborne nature of L. monocytogenes, the picture of the infection changed to one of a disease 
transmitted by food, initially through raw milk and milk products. Changes in eating habits and 
demographic structure have again changed the picture of listeriosis. Increased consumption of RTE 
foods, prolonged shelf life of foods due to cold storage and new packing technologies,  international 
trade of foods, and advances in medical care resulting in a growing number of elderly, have 
increased the possible sources of L. monocytogenes, as well as susceptible individuals advancing 
the spread of the disease. Further developments in food processing are about to create new niches 
for the pathogen, and other food related issues such as scarce resources, nutritional demands, socio-
economic inequality and future changes in food consumption habits are making the situation with L. 
monocytogenes dynamic. 

 
Listeriosis is a rare but severe disease, with 0.3 cases per 100,000 incidence, 20–30 % mortality 

and over 90 % hospitalization in Europe. L. monocytogenes has marked human and economic 
impacts in society, because of deaths and hospitalizations as well as product recalls, and even leads 
to the bankruptcies of the producers. Thus controlling listeriosis has been a topic for national and 
international food safety authorities. Despite the research and action in food processing, numbers of 
listeriosis cases have not reduced markedly. 

 
Control of the pathogen demands increasing knowledge of its habitats, contamination pathways 

and  control  strategies.  Moreover,  not  all  the  strains  of  L. monocytogenes are the same, and they 
have differences in adaptation to environments, resistance to adverse conditions, and virulence. 
Important steps in decreasing listeriosis include preventing contamination and controlling the 
growth of the pathogen in foods. New practises, technologies and agents for controlling L. 
monocytogenes are  developed  and  their  effects  have  to  be  studied  carefully.  Elimination  of  the  
pathogen from the food chain is hardly possible, but contamination needs to be minimized and 
growth to high numbers prevented. 
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2 REVIEW OF LITERATURE 
 

2.1 Listeria spp.  and Listeria monocytogenes 
 

L. monocytogenes was first discovered by the Swedish veterinary microbiologist Hülphers in 
1910 (126) and was named Bacillus hepatis,  but  unfortunately  it  was  not  at  that  time sent  to  any  
strain collection. In 1926, Murray et al. published the description of the bacterium with the name of 
Bacterium monocytogenes (213), and this finding is often called the discovery of L. monocytogenes. 
In 1927, Pirie discovered the same organism and named it Listerella hepatolytica in honour of Lord 
Lister (237). The name Listeria monocytogenes was given in 1940 (236). 

L. monocytogenes was found to be pathogenic to humans in 1929 (226). The predominanly 
foodborne nature of listeriosis was proven in the 1980s (90, 171, 264), although food as one of the 
infection routes had been recognized earlier, such as in monograph by Seeliger in 1961 (265). 

 

2.1.1 Genus Listeria 
 
The genus Listeria belongs to the phylum Firmicutes (low G+C Gram positive prokaryotes),  

class Bacilli, order Bacillales and, together with the genus Brochotrix, to the family Listeriaceae 
(178, 216). The genus Listeria contains eight species: L. grayi, L. innocua, L. ivanovii (L. ivanovii 
subsp. ivanovii and L. ivanovii subsp. londoniensis), L. monocytogenes, L. seeligeri, L. welshimeri 
and recently described L. marthii and L. rocourtiae (111, 165, 201, 249). Two species, L. 
monocytogenes and L. ivanovii are pathogenic, L. monocytogenes causing disease in humans and 
animals and L. ivanovii causing mainly abortions in animals (177).  

 

2.1.2 Detection and identification 
 
L. monocytogenes is a gram-positive, small (0.4–0.5 × 1–2 µm) coccoid rod that is motile when 

cultured < 30°C and does not form spores (83, 201). It usually grows on commonly used 
bacteriological media, forming smooth, bluish gray colonies 0.5–1.5 mm in diameter, and expresses 
-hemolysis on blood agar (83, 201). L. monocytogenes is catalase positive, oxidase negative and 

produces acid from rhamnose, but not from xylose (201). It is CAMP (Christine, Atkins, Munch-
Petersen test) positive with Staphylococcus aureus and negative with Rhodococcus equi (201). The 
optimal growth temperature is 30–37°C, but it is able to grow at temperatures from <0 to 45°C 
(148, 201) and in aerobic and anaerobic conditions (201). 

Traditional isolation and identification of L. monocytogenes is based on culture methods and 
biochemical and phenotypic markers, and these are still common for routine laboratory diagnostics 
(6, 174), but the current trend is towards the use of DNA-based methods (98, 174). The advantages 
of DNA-based methods over conventional methods are their high specificity and sensitivity, often 
rapidity and repeatability, because they rely on the genome and not on expression of certain 
antigenic structures or enzymes (98, 174). On the other hand, molecular methods often are costly, 
because of the equipment and reagents needed, and they often require highly trained personnel. 

Isolation of L. monocytogenes often  requires  enrichment  because  of  the  small  numbers  of  L. 
monocytogenes in food and environmental samples and the presence of sometimes large numbers of 
competitors. The oldest method is cold enrichment, which is based on the ability of Listeria spp. to 
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grow at low temperatures (113). This enrichment method takes up to several weeks and it is 
replaced with selective enrichment and plating. In media with selective agents like lithium chloride, 
acriflavine and antibiotics, incubation is done at optimal growth temperature, but still the procedure 
takes 5–7 days (62, 136). 

Selective plates, such as PALCAM, Oxford, LMBA and ALOA, contain besides selective agents 
also indicator substrates to enable recognition of Listeria spp. among other bacteria. On some 
plates, e.g. PALCAM and Oxford containing aesculin with ferric ammonium citrate, all Listeria 
spp. appear similar, but can be distinguished from other bacteria (56, 291). On other plates, Listeria 
spp. can be distinguished from each other, e.g., on plates with blood (LMBA), hemolytic Listeria 
strains can be recognized (145). On chromogenic agars, Listeria species can be identified by 
chromogenic substrates that allow identification of colonies by colour, e.g., ALOA agar indicates -
glucosidase enzyme, common to all Listeria spp. and, in addition, strains that produce the virulence-
associated protein phosphatidylinositol-specific phospholipase C (PI-PLC), namely L. 
monocytogenes and L. ivanovii (98, 298). 

The identification of L. monocytogenes is done by phenotypic markers and biochemical tests 
such as catalase, Gram staining, motility, hemolysis, carbohydrate utilization and CAMP. 
Traditional testing for identification is time-consuming and has been widely replaced by 
commercial test kits such as API Listeria (29) or identification by PCR (98). 

Enrichment, selective plating and identification are time-consuming, and several rapid methods 
have been developed to detect L. monocytogenes straight from food and environmental samples or 
enrichment broth: PCR-based methods with species-specific primers can be used to detect L. 
monocytogenes directly from enrichment broth without isolation in 24–48 h and results are 
comparable with culturing methods (6, 50, 98). Antibody-based commercial test kits, such as Vidas 
LMO that targets a stable virulence antigen, can be used to detect L. monocytogenes straight from 
food samples in 50 h (153). Bacteriophages, species-specific viruses infecting bacteria, can be used 
to quickly detect viable Listeria cells in foods and food processing environment at a very low level 
(one cell/g) of contamination (120, 175). Overall, rapid detection can be utilized for timely results 
when monitoring the presence of L. monocytogenes in foods and food processing environments, 
although isolation of the bacterium is still needed on many occasions, e.g., epidemiological sudies. 

 

2.2 Subtyping of L. monocytogenes 
 

Subtyping is the method to discriminate between different strains that belong to same species. 
Identification of the bacteria to species level is often not discriminatory enough, so typing is used in 
epidemiological studies, taxonomy and evolutionary genetics.  

Subtyping can be based on phenotypic characteristics, like serotyping, phage typing and 
multilocus enzyme electrophoresis (MEE). Newer methods, such as pulsed-field gel electrophoresis 
(PFGE), amplified fragment length polymorphism (AFLP), ribotyping, random amplified 
polymorphic DNA (RAPD), multilocus sequence typing (MLST) and microarray typing rely on 
genotypic characteristics. Genotypic methods can be based on PCR (e.g. RAPD), restriction 
fragment analysis (e.g. PFGE), hybridization (e.g. microarray) or a combination of the previous 
(e.g. AFLP and ribotyping). The newest typing methods that rely on sequencing data (e.g. MLST) 
have been developing rapidly since the sequencing of whole genomes of several L. monocytogenes 
strains (103, 217). Overall, discriminatory power, epidemiological concordance, reproducibility and 
typeability in genotypic methods are higher than in phenotypic methods (174, 307), and genotypic 
methods are now mainly used for subtyping of L. monocytogenes.  
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2.2.1 Phenotypic methods 
 
Phenotypic methods divide strains according to their phenotypic characteristics, which are a 

result of gene expression. These methods generally have little use in epidemiology since their 
discriminatory power is limited and they can mainly be used only in species identification. 

Serotyping divides L. monocytogenes into 13 serotypes, based on O and H antigens: 1/2a, 1/2b, 
1/2c, 3a, 3b, 3c, 4a, 4ab, 4b, 4c, 4d, 4e and 7 (266). Serotyping has a limited value in subdividing L. 
monocytogenes strains, because of the finite number of serotypes and the fact that most listeriosis 
cases are caused by serotypes 1/2a, 1/2b and 4b, and food commonly harbours serotypes 1/2a and 
1/2c (294). Despite its disadvantages as a typing method, serotyping is still widely used to 
characterize bacterial strains and may be a first-level subtyping in epidemiological studies (6, 179). 
In addition, genotypic methods ought to be concordant with serotyping, in order to be 
epidemiologically and phylogenetically meaningful (214). L. monocytogenes is divided into three 
genetic lineages, according to antigenic structure, i.e., serotypes: Lineage I contains serotypes 1/2b, 
3b, 4b, 4d and 4e, lineage II contains serotypes 1/2a, 1/2c, 3a and 3c, and lineage III contains 4a, 4c 
and a subset of 4b strains (33, 36, 155, 214, 306). 

Bacteriophages are viruses infecting bacteria and hence natural enemies of bacteria. They are 
extremely host-specific, usually able only to infect an individual species or even strain (120). Phage 
typing is based on the susceptibility of strains to a set of bacteriophages (8, 248). Phage typing has 
been used successfully to demonstrate foodborne listeriosis outbreaks (9). The main disadvantage of 
phage typing is that not all strains are typeable, and it has been widely replaced with other methods 
(174).  

MEE divides strains by major metabolic enzymes that are separated by electrophoresis (174). 
MEE enhanced the typeability, reproducibility and discriminatory power of phenotypical typing, 
but its discriminatory power is limited (110) and it has largely been replaced by more 
discriminatory methods. 

 

2.2.2 Genotypic methods 
 
PFGE is based on restriction fragments generated by rare-cutting enzymes of a whole genome, 

which are separated by electrophoresis in pulsed field. PFGE has high discriminatory power that 
can be enhanced by using several restriction enzymes (1, 51, 112, 174). PFGE has proven to be a 
valuable tool in numerous outbreak investigations, contamination studies and surveillances  (12, 25, 
48, 51, 77, 86, 141, 185, 186, 190, 202, 210, 233) and it is the most widely used method for 
molecular typing of L. monocytogenes in Europe (72). Although it is labour- and time-consuming, 
PFGE is considered to be the method of choice for subtyping L. monocytogenes in epidemiological 
studies (112, 141). It has also proven to be useful in national and transnational databases (e.g. 
PulseNet), since results from different laboratories achieved by a standardized protocol are 
comparable and can be shared electronically (180, 197). 

AFLP is based on restriction of the genomic DNA and then further amplification of restriction 
patterns by PCR (299). In some studies, AFLP has been found to be more discriminatory and 
reproducible than PFGE, as well as faster and less labour-intensive (13, 155). In contrast to PFGE, 
it enables automated reading of fragments, which allows accurate measurement and it can also be 
used for species identification (13, 155). The major disadvantage of the method is that it is 
technically demanding and it is not as widely used as PFGE, thus lacking the existing database.  
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Ribotyping is also based on restriction fragments, but it targets only genes encoding ribosomal 
RNA  (rRNA).  In  addition  to  total  bacterial  DNA  restriction,  a  Southern  blot  step  is  used  to  
specifically detect genes encoding rRNA. The discriminatory power of ribotyping is not as high as 
that of PFGE or AFLP, and it is often not enough in epidemiological studies (1, 179). The 
advantage of ribotyping is that it can be totally automated allowing a high through-put (1, 179). 

In  RAPD,  one  or  more  short  random primers  are  used  to  anneal  to  multiple  sites  in  the  whole  
genome and generate several amplicons that can be separated in gel electrophoresis to form specific 
banding patterns for individual strains (164, 239). The technique requires no prior sequence 
knowledge of template DNA. RAPD is a rapid and simple method for typing, but its discriminatory 
power is only moderate and the method is not very reproducible (112, 174). 

The disadvantage of all fragment-based methods is that differences in gel patterns do not 
correlate with genomic changes (307). This problem is overcome with sequence-based methods, 
where changes that allow distinction of different strains provide an opportunity to identify actual 
genomic changes (307). Overall, sequence based methods are more reproducible and accurate than 
fragment-based methods, because of the inherent specificity and high information content of 
sequences (307). The speed of DNA sequencing as well as its cost efficiency have gone through 
tremendous advances in recent years and enabled the development of sequence-based methods 
(192). Sequence data is also more objective than macrorestriction patterns achieved by gel 
electrophoresis and the results are easily shared via internet (132, 307). These advantages over 
fragment-based methods have led to a demand to replace PFGE as the standard method for 
epidemiology and databases (e.g. PulseNet) with a newer method. The advantage of PFGE, 
however, is the already existing large database of isolates worldwide. 

The principle of MLST is the sequencing of small fragments of multiple (6–10) genes selected in 
different locations from whole genome (193, 194). Target genes are usually housekeeping genes 
that are essential for cell survival and reproduction. MLST is typically less discriminatory than 
PFGE (307), but using more rapidly evolving genes like virulence-associated genes, solely or in 
combination with housekeeping genes as a target, increases the discriminatory power of the method 
(42, 132). 

The microarray is based on hybridization using subtype-specific DNA probes. Thousands of 
probes based on whole genome sequences are placed onto the small surface of the microarray. With 
small probes, even single nucleotide mutants can be detected. Microarrays have proved to be a very 
discriminatory subtyping method for L. monocytogenes, and the genetic basis of strain variation can 
be inferred from hybridization patterns (33, 44). The overall cost of the microarray is still high, 
although it enables a high-throughput finding of simultaneous variation throughout the entire 
genome. In addition, the interpretation of microarray results is demanding.  

Even whole-genome sequencing is about to become a possible method for subtyping (307). This 
technique has already been used for L. monoctyogenes and it revealed a connection between a 
formerly thought sporadic listeriosis case with subsequent epidemic and a long persistence of the 
pathogen in processing plant with short term evolutionary changes (231). Besides its use in 
epidemiological studies, whole genome sequencing is a valuable tool for the identification of core 
genetic elements and variation between strains to be used for other targeted subtyping methods 
(132, 307). 
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2.3 Listeriosis 
 
Listeriosis is a disease caused by Listeria spp. The Vast majority of human cases is caused by L. 

monocytogenes, although rare cases caused by L. ivanovii have been reported (55, 118, 168, 273). 
All L. monocytogenes strains are considered pathogenic (200), although most listeriosis cases are 
caused by serotypes 1/2a, 1/2b or 4b (294), many outbreaks worldwide have been caused by a 
small, genetically similar group (279, 285), and variation in virulence exists among strain (200, 202, 
245, 261, 285, 294). 

The main route of transmission to both humans and animals is through the consumption of 
contaminated food or feed (5, 294) and many listeriosis outbreaks linked to foods have been 
reported (Tables 1 and 2). In addition, a foetus can get infected from haematogenous spread from 
the mother (200, 294). In rare cases, infection can also be transmitted directly from infected animals 
to humans (199). 

 

2.3.1 Human listeriosis 
 
Listeriosis appears mainly in two forms: severe invasive listeriosis and non-invasive febrile 

gastroenteritis (5, 275). Invasive listerosis manifests as sepsis, meningoencephalitis, perinatal 
infection, and abortion (294). In cases associated with pregnancy the mother may have mild flu-like 
symptoms, while the foetus gets a severe infection or dies in utero (294). Invasive listeriosis has a 
mean mortality of 20–30 % (73, 294) and a hospitalization rate of over 90 % (203), making it one of 
the most severe foodborne diseases. Non-invasive gastroenteritis can manifest in immunocompotent 
adults and it is usually self-resolving (32). L. monocytogenes can also produce a wide range of focal 
infections (26, 104, 176, 251) and occur in cutaneous form mainly as an occupational disease of 
veterinarians and farmers (199, 245). 

Invasive listeriosis is mainly a disease affecting susceptible individuals with underlying 
predisposing conditions. Susceptible individuals include the elderly, pregnant women and their 
unborn or newborn infants, and patients with severe underlying diseases such as cancer, AIDS, or 
organ transplant (82, 135). In Europe, approximately 10–20 % of clinical cases are associated with 
pregnancy (200) and most cases are reported in the over-65 age group (73). The vast majority of 
cases in Finland is detected in the elderly (Figure 1). In addition to health status, the risk for 
listeriosis may be affected by socio-economic determinants: listeriosis cases have been reported to 
be associated with deprived neighborhoods (101). 

The majority of listeriosis cases appear to be sporadic (73). The disease is relatively rare (73), its 
incubation time may be up to 3 months (171), and contamination in a single factory may continue 
for a long period of time and spread over a wide geographical area (200, 202, 231). Thus, many 
times the transmission route remains unknown (73) and outbreaks can be unnoticed. The rarity of 
food-borne outbreaks due to L. monocytogenes may also reflect difficulties encountered in linking 
sporadic cases and the isolation of the pathogen from food (73). In addition, listeriosis is most 
probably underdiagnosed (200). Cases of diarrhoeal disease with fever are rarely investigated for 
listeriosis and other cases may also remain undiagnosed (200). It has been estimated that twice the 
number of listeriosis cases occur as compared to the ascertained ones (2). 
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Table 1. Reported outbreaks of human food-borne invasive listeriosis in Europe. 

Year Country Implicated vehicle 
Noumber  
of cases 
(deathsa) 

Serovar Reference 

1983–87 Switzerland Soft cheese 122 (33)b 4b 27, 38 

1986 Austria 
Unpasteurized milk or 
vegetables 

28 (5) 1/2a and 4b 4 

1987–89 UK Paté 356 (NDc) 4b and 4bX 198 
1989–90 Denmark Blue-mould or hard cheese 26 (ND)  4 142 
1992 France Pork tongue in jelly 279 (63) 4b 108, 141 
1993 France Rillettes (pork meat) 38 (1) 4b 109 
1994–95 Sweden Cold-salted rainbow trout 9 (1) 4b 77 
1995 France Raw-milk soft cheese 20 (0) ND 107 
1998–99 Finland Butter 25 (6) 3a 190 
1999–
2000 

Finland Vacuum-packed fish product 10 (4) 1/2 123 

1999–
2000 

France Rillettes 10 (3) 4b 57 

1999–
2000 

France Jellied pork tongue 32 (5) 4b 57 

2003 UK Sandwich 2 (2) 1/2a 268 
2005 Switzerland Soft cheese 12(3) 1/2a 28 
2006–
2008 

Germany Scalded sausage 16 (5) 4b 308 

2007 Norway Soft cheese 21 (5) ND 70, 146 
2009 Denmark Ready-made meal (beef) 8 (2) ND 272 
2009–
2010 

Austria, Germany, 
Czech Republic 

Quargel cheese 34 (8) 1/2a 93 

aStillbirths not included, bTotal number of cases in the canton of Vaud, with >80 % of epidemic type, cND = Data not 
available 

  
 
Table 2. Reported outbreaks of gastroenteritis caused by L. monocytogenes in Europe. 

Year Country Implicated vehicle 
Number  
of cases Serovar Reference 

1993 Italy Rice salad 18 NDa 258 
1997 Finland Cold-smoked rainbow trout 5 1/2a 210 
1997 Italy Corn and tuna salad 1566 4b 10 

2001b Sweden 
On-farm manufactured fresh 
cheese 

48 1/2a 46 

2008 Austria Jellied pork 12 4b 235 
aND=Data not available, bMixed etiology possible 
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Figure 1. Listeriosis cases reported to the National Institute for Health and Welfare (THL) of 
Finland according to age groups in 1995–2010 (278). 

 
The overall notification rate of confirmed cases of listeriosis in Europe in recent years has been 

0.3 cases per 100,000 population (73) summing up to approximately 1,400 to 1,600 ascertained 
cases annually (67, 68, 71, 73). The highest notification rates have been observed in Denmark, 
Finland, and Sweden (73). In Finland, approximately 40 cases are reported annually (Figure 2) and 
the notification rate of confirmed cases in Finland has been 0.8 cases per 100,000 population (73). 
An increase in cases of listeriosis has been reported in several European countries in recent years 
(43, 106, 158, 311), with high numbers in 2003–2006, but a decresing in 2007 and 2008 (71, 73). 

The infectious dose of listeriosis remains unclear (200), but according to epidemiological data it 
is suspected to be high, as the contamination level in foods responsible for listeriosis cases are 
typically >104 CFU/g (230, 294).  Consuming foods that contain low levels (<102 CFU/g)  of  L. 
monocytogenes is unlikely to cause clinical disease (49). The size of the infective dose is affected 
by the virulence of the strain, the susceptibility of the host and the food matrix, so the identification 
of a single value for an infective dose is unlikely (200, 294). In addition, prolonged daily doses may 
increase the likelihood of infection (195). Apparently, the infective dose varies markedly between 
an immunocompetent population and those with impaired immunity, and contamination levels as 
low as 102–104 CFU/g have been associated with listeriosis in a susceptible population (200, 294).  
In  gastroenteritis,  the  infectious  dose  is  assumed  to  be  higher  than  in  invasive  listeriosis  and  
according to outbreak investigations, contamination level in implicated foods has typically been 
>105 CFU/g (230).  

The incubation time of listeriosis is 1–70 days (171). The longest incubation times (average 25 
days) are seen in pregnancy-associated cases, whereas in non-pregnant patients the average 
incubation period has been estimated to be five days (202). In non-invasive gastroenteritis, 
incubation time is short being about one day (10). 

Healthy people may also carry L. monocytogenes in their intestines and in tha nasal cavity and on 
their hands. The prevalence of these asymptomatic carriers is usually low (1 % or less) (134, 191, 
262), but in certain groups, such as food plant staff, a higher prevalence has been reported (74). 
People are most likely to be exposed to L. monocytogenes for 5 to 9 times per year, but fecal 
shedding is expected to be short, maximum 4 days (115).  
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Figure 2. Number of human listeriosis cases reported to National Institute for Health and 
Welfare (THL) of Finland in 1995–2010 (278). 
 

 

2.3.2 Listeriosis in animals 
 
In  animals,  listeriosis  is  mainly  a  disease  of  ruminants  (139,  177).  Small  ruminants  (sheep  and  

goat)  seem  to  be  more  susceptible  to  listeriosis  than  cattle  (220).  In  cattle,  cases  are  mainly  
sporadic, but high morbidity rates have been reported in sheep and goat flocks (305). The source of 
infection of animals is in most cases feed, silage being a common source in farm animals (7, 212). 

In domestic animals, listeriosis manifests mainly as encephalitis, abortion or septicemia (177). L. 
monocytogenes may also cause eye infections and mastitis (81, 143, 314). Mastitis is usually 
subclinical, but bacterial shedding into milk is possible (143, 244).  Animals commonly are 
asymptomatic intestinal carriers, frequently shedding the organism and maintaining its populations 
in the environment (220). Especially, bovine hosts may amplify ingested L. monocytogenes and 
thus serve as a critical factor to maintain a high prevalence of the pathogen on cattle farms (220). 
According to a surveillance report from 2008, the highest prevalences of L. monocytogenes in farm 
animals in Europe were in goats, sheep and cattle, being 3.6 % in small ruminants and 1.1 % in 
cattle, whereas the prevalence in poultry and pigs was <0.1 %  (73). 
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2.4 L. monocytogenes in food chain 
 
L. monocytogenes is a ubiquitous organism that is widely distributed in the environment and it 

has several characteristics that enable its survival in the food chain. The key reservoir for L. 
monocytogenes is soil, and it is frequently found in vegetation, forage, water, sewage and farm 
environments (34, 64, 89, 97, 263, 304). Domestic and wild animals often harbour L. 
monocytogenes in their intestines and the bacterium is also commonly found in food processing 
environments and in many types of foods.  

 

2.4.1 L. monocytogenes as a foodborne pathogen 
 
L. monocytogenes can survive and grow over a wide range of temperature, pH and water activity 

(aw)  limits  as  well  as  under  aerobic  and  anaerobic  conditions.  In  addition,  L. monocytogenes can 
form biofilms and persist in food processing facilities. These characteristics enable the pathogen to 
survive in food-processing environments and in foods, and make it a great concern for the food 
industry and a threat for public health. 

L. monocytogenes has several survival mechanisms for adverse environmental conditions, 
including changes in membrane composition, changes in gene expression and induction of proteins, 
accumulation of compatible solutes as cryo- and osmoprotectants, proton transportation across the 
cell membrane, and utilization of the glutamate decarboxylate system (95). The varied stress 
responses  of  the  pathogen  enable  it  to  adapt  to  a  wide  range  of  environmental  conditions  and  to  
adapt even better when exposed again to previously experienced sub-lethal stress (65). In addition, 
cross-adaptation against stress conditions is commonly seen, and the exposure of the pathogen to 
one kind of sub-lethal stress can provide tolerance to other lethal stresses (95). Growth and survival 
limits are dependent on overall prevailing conditions. For example, growth limits in refrigerated 
temperatures depend strongly on pH (282). In addition, differences exist between strains in survival 
in adverse conditions and persistence in food processing facilities, e.g., strains have various abilities 
to attach to surfaces, resist disinfectants, and thus persist (13, 182, 224). 

L. monocytogenes is psychrotophic and can usually grow at temperatures from 1 to 45°C, 
although growth of some strains at even lower temperatures (down to -0.4°C) has been observed 
(148, 303). The optimum growth temperature is 30–37°C and growth rate is slowed in refrigerated 
temperatures (148). L. monocytogenes can grow from less than 100 to more than 105 cells per gram 
over three weeks at 10°C (210). The psychrotrophic nature of L. monocytogenes is one of its main 
traits affecting food safety, because refrigeration is widely used to ensure safety and extended shelf-
life (95). Refrigerated foods provide an ideal environment for L. monocytogenes, because it can 
grow  at  low  temperatures,  whereas  most  competitors  cannot.  In  addition,  many  RTE  foods  have  
extended shelf-lives, providing time for L. monocytogenes to grow to high numbers. Adequate 
cooking (internal temperature > 65°C) and pasteurization (71°C, 15 s) eliminates L. monocytogenes 
from foods (65).  

The optimum pH range for L. monocytogenes is 6 to 8, but it can grow in pH range from 4.0 to 
9.6 (83, 159). This pH tolerabce is of special concern with regard to low-pH foods, such as 
fermented meat and dairy products, as well as poor quality silage. Furthermore, acidic conditions in 
the gastrointestinal tract and in macrophages following phagocytosis can be encountered by the 
pathogen and acid tolerance thus enhances the virulence (54). 

L. monocytogenes is able to grow at an aw level that is usually lethal to other bacteria i.e. aw 0.90 
(221), and survive even lower aw values than that (159). The lowering of aw by adding salt to foods 
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is a widely used strategy for controlling food-borne pathogens, but it poorly controls the growth of 
L. monocytogenes. L. monocytogenes may even get an advantage on salted products, when the 
growth of the competing microbial population is decreased (169). 

L. monocytogenes can grow in aerobic and anaerobic atmosphere as well as in modified 
atmosphere packages (MAP) (159). That extend the shelf lives of foods, so L. monocytogenes may 
multiply to high numbers during a product’s shelf-life. 

L. monocytogenes can form biofilms and persist in a food processing plant for several months or 
years (48, 102, 124, 185, 186, 209, 218, 223, 231). In biofilms, microorganisms are attached to a 
surface and enclosed in a matrix made up of polysaccharide material, thereby gaining enhanced 
resistance to sanitizers, disinfectants and antimicrobial agents (246). Persistent L. monocytogenes 
strains can adhere rapidly to the food contact surface and can thus attach in high numbers before 
sanitizing (184). Moreover, some L. monocytogenes strains have found to have shown relatively 
low sensitivity to some sanitizers used in the food industry (181, 204).  

 

2.4.2 L. monocytogenes in nature and in animals 
 
L. monocytogenes is commonly found in soil, water and feed (Table 3), but numbers are often 

low (3, 22, 64, 89). L. monocytogenes can survive in the soil for months and even grow in 
favourable conditions (34, 64, 263). Soil type influences the survival of L. monocytogenes (64) and 
it is more often found in uncultivated than in cultivated fields (64, 304). Sewage is often 
contaminated by L. monocytogenes, even  after  treatment  (3,  22,  97).  The  occurrence  of  L. 
monocytogenes in surface waters seems to be related to direct upstream land use, specifically, crop 
land and proximity to a dairy farms (188, 300). 

Silage is the most common feed to harbor L. monocytogenes. Chemical quality of silage, i.e. its 
pH and aerobic deterioration, affects the presence of L. monocytogenes and the pathogen is 
commonly found on poor quality silage, whereas the pathogen is unable to survive when the quality 
of ensilaged forage is good (66, 129).  

Many domestic and wild animals harbor L. monocytogenes in their intestines (Table 4). The 
prevalence of L. monocytogenes correlates with the feed eaten (89). The farm environment is 
frequently contaminated by L. monocytogenes, and especially ruminant farms may represent an 
important natural reservoir (220). 
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Table 3. Prevalence of L. monocytogenes in environment and feed. 

Sampling site Numner  
of samples 

Number  
positive 

Prevalence % 
Reference 

     Water 
    

River 15 6  40 22 
River 36 17  47 89 
Estuary 10 0 0 22 
Ground 15 1 5 292 
Surface 314 32 10 188 

     Sewage 
    

Untreated 12 12 100 22 
Untreated + Treated 115 69 60 191 
Treated 12 10 83 22 

     Soil 
    

Cultivated field 13 1 8 64 
Cultivated field 17 0 0 292 
Uncultivated field 13 6 31 64 
Garden 136 1 1 191 
Farmyard 36 3 8 96 
Farma 504 120 24 220 

     Farm 
    

Farm environmentb 66 3 5 85 
Trough water 51 4 8 96 
Milking equipment 38 0 0 96 
Bedding 44 5  11 96 
Drinking waterc 508 100 20 220 
Manure 10 0 0 292 

     Feed 
    

Silage 225 36  16 129 
Silage 51 4 8 85 
Silage 11 0 0 96 
Silage 10 7  70 89 
Silage 39 24 62 270 
Pasture grass 68 26 38 129 
Alfalfa 27 0 0 96 
Concentrate 22 0 0 96 
Grain 24 1 4 96 
Feedstuffd 516 87 17 220 
aIncluding grazing pastures, crop fields and farmyard 
bincluding manure, soil, straw and swabs 
cincluding  troughs,  water buckets in barn, and ponds in pasture  
dIncluding  silage, haylage, corn, mixed ration and pasture grass 
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Table 4. Prevalence of L. monocytogenes in faeces of wild, farmed and pet animals. 

Animal Number of  
samples 

Number 
positive 

Prevalence % Reference 

     Wild animals 
    

Birds 451 35 8 87 
Birds 264 25 10 242 
Birds 112 37 33 35 
Birds 100 0 0 47 
Birds 46 8 17 304 
Rat 199 13 7 133 
Deer 34 2 6 187 
Beaver 24 0  0 187 
Elk 22 1 5 187 
Muskrat 9 0 0 187 
Coyote 9 0 0 187 
Hare 8 0 0 187 
     Farm animals 

    
Cattle 9539 189 2 134 
Cattle 3878 258 7 128 
Cattle 323 58  18 220 
Cattle 183 25 14 85 
Cattle 75 39 52 270 
Cattle 25 5 20 292 
Cattle 15 8 53 89 
Pig 5975 46  1 134 
Pig 50 2 4 92 
Pig 25 4 16 292 
Pig 24 1 4 89 
Small ruminants 205 19 9 220 
Ewe 37 1 3 96 
Poultry 25 0 0 187 
Chicken 150 0 0 133 
Chicken 11 8 72 96 
Goose 18 0 0 187 
     Pet animals 

    
Dog 540 5 1 133 
Dog 15 0 0 187 
Cat 161 0 0 133 
Horse 7 0 0 187 
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2.4.3 L. monocytogenes in food processing environments 
 
L. monocytogenes is frequently found in dairy, fish and meat processing plants as well as from 

slaughterhouse (11, 48, 74, 116, 169, 183, 206). The prevalence of L. monocytogenes in food plant 
environmental samples is affected by sampling sites, time of processing and type of food processed 
(74, 116, 183). A processing plant may be free of L. monocytogenes at the time of monitoring (116, 
149), but the prevalence of positive environmental samples at another may exceed 50 % during 
processing (281). Prevalence decreases after cleaning, but L. monocytogenes is often found even 
after sanitation, showing the persistence of strains and, on many occasions, the insufficiency of the 
cleaning (48, 74, 116, 233). Improper cleaning enhances the presence of L. monocytogenes, and 
detection of the organism is associated with organic residues (281). The prevalence of L. 
monocytogenes in foods during processing and before cooking may be 71–100 % (75, 259, 281), 
and this high prevalence correlates with the complexity of the processing line and machines (185, 
281). L. monocytogenes is unlikly to be eliminated from food production and it is likely to be found 
in any processing facility that handles uncooked material at some point, if monitoring extensive 
enough (285). 

L. monocytogenes can form biofilms and then persist in plants for several years (86, 181, 209, 
231).  L. monocytogenes has been shown to adhere to many materials commonly used in food-
processing facilities such as plastic, rubber and stainless steel (184, 286, 309). These persisting 
strains are hard to eradicate and they may serve as a continuing source of contamination of foods 
(181, 184, 286, 309). 

Common places to find L. monocytogenes in food processing environment are floors and drains 
(74, 116). In fact, most plants that are contaminated also harbour L. monocytogenes in drains, and 
this site could be used as an indicator of plant contamination (74). In addition, all food contact 
surfaces, such as conveyer belts and equipment, are prone to contamination (11, 116). Especially, 
complex machinery is often hard to clean and represents a particular site for persistent 
contamination (11). 
 

2.4.4 L. monocytogenes in foods 
 
L. monocytogenes has been found in many types of foods, but numbers are usually low and 

seldom above the European legal safety limit of 100 CFU/g during the shelf life of a product (Table 
5). L. monocytogenes is frequently found on raw materials and raw products (116, 297), but these 
are not likely to be a direct vehicle for listeriosis, because of the usual heat treatment or other 
listericidial process before consumption.  

Overall, the prevalence of L. monocytogenes is often high in products that are minimally 
processed or have potential of contamination after heat treatment. Other criteria for risk include 
support of the growth of L. monocytogenes inproduct, extended storage in chilled temperature and 
lack of heat treatment before consumption (135). Foods can be divided into risk categories on basis 
of their possibility of contamination, ability to support the growth of L. monocytogenes and 
previous association with listeriosis outbreaks (302). The majority of listeriosis cases are linked to 
refrigerated, RTE foods that are consumed without reheating. Generally, the increased availability 
and demand of RTE foods and extended shelf-lives has given L. monocytogenes more opportunities 
to prevail in foods (174). 
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Table 5. Prevalence of L. monocytogenes in raw and processed foods in Europe. 

Product Country 

Number 
samples / 
number 

positive (%) 

No with 
> 100 CFU/ga 
(% of total) 

Reference 

     
Meat and poultry 

   
 

Raw meat Denmark 343/106 (31) 12 (4) 222 
Raw meatb Nordic countriesc 80/8 (10) ND 116 
Raw pork meat France 121/41 (34) ND 281 
Raw poultryb Nordic countriesc 30/5 (17) ND 116 
Raw poultry meat Finland 61/38 (61) 

 
211 

Raw broiler meat Estonia 240/169 (70) ND 240 

     Preserved meat products  
(not heat-treated) 

Denmark 328/77 (24) 2 (< 1) 222 

Preserved meat products  
(not heat-treated) 

Denmark 357/56c (16)  5 (1) 222 

Raw cured meat products Belgium 824/113 (14) ND 290 
Heat-treated meat products Denmark 772/45 (6) 11 (1) 222 
Heat-treated meat products Denmark 6809/615d (9) 24 (< 1) 222 
Cooked meat products Belgium 639/7 (1) 0(0) 289 
Cooked meat products Belgium 3405/167 (5) ND 290 
RTE meat products Spain 501/22 (4) 0 (0) 40 
RTE meat products Austria 553/23 (4) 0 (0) 302 
RTE meat products Nordic countriesc 43/1 (2) ND 116 
Cold smoked pork Latvia and Lithuania 312/120 (38) 3 (20)e 25 
Smoked meat sausage Portugal 48/28 (58) 14 (29) 86 

     Seafood 
    

Raw fish Denmark 232/33 (14) 1 (1) 222 
Raw fishb Nordic countriesc 115/26 (23) ND 116 
Raw fish Finland 257/11 (4) ND 196 
Raw rainbow trout Finland 103/15 (15) ND 208 
Roe Finland 147/25 (17) ND 207 

     Preserved fish products 
(not heat-treated) 

Denmark 335/35 (11) 6 (2) 222 

Preserved fish products 
(not heat-treated) 

Denmark 282/63d (22) 3 (1) 222 

Vacuum-packaged fish 
products 

Finland 200/24 (12) ND 189 

Smoked fish Belgium 90/25 (28) 4 (4) 289 
RTE fish products Spain 140/9 (6) 0 (0) 40 
RTE fish products Austria 96/18 (19) 5 (5) 302 
RTE fish products Nordic countriesc 63/3 (5) ND 116 
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Product Country 

Number 
samples / 
number 

positive (%) 

No with 
> 100 CFU/ga 
(% of total) 

Reference 

Dairy 
    

Raw farm tank milk France 1459/25 (2) 1 (< 1)f 205 
Raw farm tank milk Sweden 294/3 (1) 0 (0) 300 
Raw dairy silo milk Sweden 295/58 (20) ND 300 

     Cheese or cheese products Denmark 73/14 (19) 0 (0) 222 
RTE dairy products Spain 462/1 (< 1) 0 (0) 40 
RTE dairy products Austria 321/12 (4) 0 (0) 302 
Butter UK 3229/13 (< 1) 0 (0) 169 

     Fruits and vegetables 
    

Fruits and vegetables Norway 890/3 (< 1) ND 144 
Lettuce UK 151/0 (0) 0 (0) 172 
Lettuce Spain 72/0 (0) 0 (0) 228 

     
     Sprouts or sliced vegetables Denmark 350/82d (23) 2 (1) 222 

RTE fruits and vegetables Austria 314/0 (0) 0 (0) 302 
RTE salad vegetables UK 2950/88 (3) 1 (< 1) 256 
RTE organic vegetables UK 3200/2 (< 1) ND 255 

     Mixed 
    

Meat or vegetable mayonnaise Denmark 3731/189d (5) 17 (< 1) 222 
Mayonnaise-based salads  Belgium 1187/80 (6,7) 0 (0) 289 
Mayonnaise-based salads  Belgium 874/186 (21) ND 290 
Salad with meat UK 1268/76 (6) 2 (< 1) 173 
Salad with seafood UK 1418/54 (4) 0 (0) 173 
RTE meals Denmark 3830/411d (11) 3 (< 1) 222 
RTE meals Spain 123/11 (9) 1 (1) 40 
RTE meals Belgium 842/94 (11) ND 290 
Vacuum-packed RTE meals UK 2981/190 (6) 27 (< 1) 254 
Mixed RTE foods Austria 109/3 (3) 0 (0) 302 

a European food safety limit (79) 
 bIncludes raw material and raw product samples  

cFaroe Islands, Finland, Iceland, Norway and Sweden 
dNumer of samples with L. monocytogenes > 10 CFU/g  
eEnumeration of L. monocytogenes  was done  on 15 samples from two producers   
fEnumeration was done on positive samples detected from 168 bulk tank samples.  

 
 
Certain food items are often linked to high prevalence and high numbers of L. monocytogenes 

leading to a risk of listeriosis, such as soft cheese, smoked fish, paté, non re-heated frankfurters, deli 
meats, and unpasteurized milk (5, 142, 275, 289, 302). The highest proportion of RTE foods that do 
not meet the microbiological criteria in Europe includes fishery products, particularly smoked fish, 
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cheeses, RTE meat products, and other RTE products such as sandwiches and RTE salads, although 
the proportion of samples found to be non-compliant is very low (73). In Finland, high proportions 
of L. monocytogenes-positive fishery products have been reported in packaged gravad and cold-
smoked fish (34 %) (73). 

Some special local foods may have very high prevalence of L. monocytogenes, although they are 
often not shown in national or transnational surveillances because of the local nature of their 
consumption (25, 86). Risk assessments may underestimate the public health hazard associated with 
these kinds of foods (86). 

 

2.5 Contamination of foods by L. monocytogenes 
 
Contamination by L. monocytogenes can  occur  at  all  the  steps  of  the  food  chain  from farm to  

table (Figure 3). The impact of contamination on public health differs at different steps and depends 
on the type of food. For instance, raw materials can be expected to have small numbers of L. 
monocytogenes and they should be treated accordingly, whereas RTE foods that support the growth 
of L. monocytogenes should  be  free  of  the  pathogen  at  the  time  of  production.   Because  of  the  
ubiquitous nature of L. monocytogenes, it is unrealistic to eliminate the organism from the food 
chain and possible contamination sites will exist throughout the chain.  
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 Figure 3. Contamination routes of L. monocytogenes from farm to table. Top bar indicates the 
processing step and bottom bar the control strategies. Thick lines indicate the most important 
contamination routes. 
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2.5.1 Contamination at preharvest level 
 
The farm environment, especially where there is poor quality silage and animals, often harbours 

L. monocytogenes and the farm environment may be a source of contamination further along the 
food chain (7, 96, 220, 229, 300). Animals most likely get the pathogen from feed and then may 
further shed the organism into the natural, and farm environments (89, 220). Wild animals, like 
birds and rats, may disseminate organism over the natural environment and into forage and the farm 
environment (87, 133).  

The source of L. monocytogenes in bulk milk is often environmental, and contamination from 
within the udder is likely to be rare (85, 205). Fecal carriage can be a source of raw meat 
contamination into the slaughterhouse (292). Crops in fields can be contaminated by irrigation 
water or organic fertilizers such as manure and sewage sludge (3). The soil is also a reservoir for L. 
monocytogenes and may be a source of contamination into fruits, vegetables and animal feed (228). 

Spread of L. monocytogenes from the farm environment into food processing has been 
recognized. Similar L. monocytogenes genotypes have been found on farms and in dairy processing 
facilities (7) and L. monocytogenes populations found on farms overlap with those responsible for 
human cases (220). One farm bulk tank may contaminate the corresponding tanker truck. Thus, a 
few cells on the farm may contaminate a large amount of milk, although at a very low level (85, 
205, 300). 

 

2.5.2 Contamination during processing 
 
Contamination during food processing in a plant can be considered as the major source of 

contamination into foods (11, 163, 268). All food contact surfaces can be a source of contamination, 
but concern especially rests on complex machinery that is hard to clean and equipment that has 
contact with large production lots (11, 181). Contamination in processing plants may originate from 
persistent strains in the factory, or can be sporadic (25, 181). Persistent strains are of major concern, 
because of the continuous source of contamination and the possibility to contaminate large amounts 
of products over long periods of time (209, 231). 

Raw materials are frequently contaminated by L. monocytogenes and may serve as a source of 
contamination into the processing plant (116, 196, 229, 233, 280). Other possible sources of 
contamination into processing facilities are materials or equipment, workers and soil (74, 116, 185). 
Contamination of processing equipment may also originate from inside the food plant, i.e., 
persistent contamination sites in factory or personnel by poor hygiene, or movement from raw 
material sites into clean areas (281). 

Cooking and pasteurization are effective processes to eliminate L. monocytogenes. 
Recontamination after heat-treatment, especially when foods are handled (163), is one of the most 
important sites of contamination concerning public health (285). Sources of contamination may be 
food contact surfaces, processing machinery and workers (11, 163). In principle, increased handling 
correlates with increased prevalence of L. monocytogenes in foods (163, 169). Some processes may 
be especially prone to contaminate foods, including brining, dicing and slicing (12, 25, 185). In 
these processes, materials are in contact with food, touch the whole production lot, and equipment is 
often complex. Recirculated brine may be contaminated, since food materials may contaminate the 
solution and L. monocytogenes can tolerate the high salt content (12). 

Contamination of cooked foods may also occure from ingredients added after heat treatment, 
such as spices (86). In addition, packaging technique may affect contamination, for example butter 
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has been found to be more frequently contaminated when packed in plastic tubs (169). Moreover, 
raw material may be the initial source into foods when no listericidial step is included in the 
processing, for example RTE packed salads and cold-smoked RTE products (25, 173). 

 

2.5.3 Contamination at the retailer and in the home 
 
Contamination of foods can happen at retail level. As in processing, the source of contamination 

can be surfaces, equipment and workers, and persistence of strains has been detected at retail level 
(261). In homes, contamination may be common, but because of the limited number of people 
consuming food and the relatively short storage times of home-made foods, it is not a major public 
health concern. Nevertheless, for an individual, contamination at home may be a serious health risk 
(147). Knowledge about contamination levels at home is limited, but some studies report that 
contamination at household level exists and individual eating habits might affect prevalence (302).   

 

2.6 Control of L. monocytogenes in the food chain 
 
Contamination of foods by L. monocytogenes can occur in all the steps from farm to table, which 

brings about the need to put forward control measures at every step (Figure 3). While L. 
monocytogenes is unlikely to be eliminated from the food chain, the objective is to decrease the risk 
of listeriosis infections. Since low numbers of L. monocytogenes are unlikely to cause infection, the 
growth of the pathogen to high numbers in foods has a great impact on food safety. Furthermore, 
the susceptibility of individuals and public health goals have to be taken into consideration when 
deciding on the control actions. 

 

2.6.1 Preventing contamination of foods by L. monocytogenes 
 
Since the farm environment may be a source of contamination, it is important that control of L. 

monocytogenes starts at farm level (7, 96). Following Good agricultural practice (GAP) can 
minimize the contamination load on farm. Production of high-quality silage with appropriate silage-
making technique and crop composition is important, since poor quality silage is often 
contaminated with L. monocytogenes (66). Preventing contamination of raw milk can be achieved 
with good sanitation and milking practices (85, 122). Vegetables and forage can be contaminated in 
fields, so manure and sewage used as fertilizer has to be properly composted and irrigating water 
has to be pathogen free. Intact vegetables usually do not support the growth of L. monocytogenes 
and the produce has to be handled with care to minimize physical damage. Injured surfaces of 
vegetables may also be resistant to sanitizers (121). 

In food processing, a hazard analysis and critical control points (HACCP) program and good 
hygiene practices (GHP) have to be followed and closely monitored.  An effective corrective action 
plan is needed to reduce the likelihood of contamination of foods. The usage of HACCP in food 
premises can markedly contribute to the microbiological safety of foods and to less frequent 
findings of L. monocytogenes in food products (135, 169).  

Food processing facilities have to be designed to prevent cross contamination. Since raw 
materials are a potential source of contamination into facilities, proper source and storage of raw 
materials is essential. Raw product areas have to be segregated from cooked product areas. 
Segregation includes material flows, employees, tools, and air. Cooking and pasteurization kill L. 
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monocytogenes and the  protection  of  the  cooked  products  from recontamination  is  one  of  the  key  
elements in controlling this pathogen (163). The most compartmentalized processing lines have 
been found to be least contaminated by L. monocytogenes, and  the  separation  of  the  raw material  
area and the post heat-treatment area particularly affects the contamination status of the processing 
lines (154, 186). Avoiding post-process contamination can also be achieved by post-packaging heat 
treatment (24). 

Regular and sufficient cleaning is important to decrease contamination of equipment and 
environment in the food processing facility and to prevent the formation of biofilms and presistence 
(11, 74, 281). Eradication of persistent contamination from processing lines and equipment is 
difficult (11), and in poorly designed plants recontamination is likely (181). Moreover, cleaning 
operations have to be monitored in order that any insufficiencies are quickly recognized. Equipment 
and the processing line should be designed to be easily cleaned, including the appropriate choice of 
materials. Condition of materials has to be monitored, since L. monocytogenes can easily persist in 
cracks. Co-opetation between the suppliers of equipment and cleaning agents and food business 
operators (FBOs) is needed to solve problems regarding sanitation and design of food processing 
equipment (116). 

Non-food contact surfaces, especially floors and drains, can be a reservoir of L. monocytogenes 
in the factory. Care has to be taken to clean and sanitize these sites, because they may contaminate 
other sites in the food processing facility. A moist environment favors the survival of L. 
monocytogenes in food processing facilities and therefore keeping the factory as dry as possible is 
important (116). Raw material sites have to be kept as free from L. monocytogenes as possible, to 
avoid the spread of contamination further into plant (116, 181). 

Cross contamination needs to be minimized at retail level and at home. Enabling cross-
contamination by leaving food packages open and sharing tools with several food items increases 
the risk of finding L. monocytogenes in food (169).    

 

2.6.2 Prevention of the growth and inactivation of L. monocytogenes in foods 
 
Cooking and pasteurization are effective methods to eliminate L. monocytogenes from foods. 

Nevertheless, not all foods are suitable for a listericidial thermal process, because of the effect on 
sensory or nutritional quality, and because consumers increasingly seek fresh-looking and 
nutritionally healthy foods. Several interventions have been developed and studied to eliminate or 
reduce the number of L. monocytogenes in foods (Table 6). The ideal processing method would 
improve the shelf life and safety of the product, not compromise organoleptic or nutritional value or 
leave residues, be convenient and economical to apply, and not cause objections by consumers or 
legislation  (243).  Hardly  any  single  treatment  can  meet  all  these  demands.  Most  non-thermal  
treatments reduce the number of L. monocytogenes or control the growth, but do not eliminate the 
organism. Ionizing irradiation is an effective treatment to eliminate L. monocytogenes (19, 84, 241), 
but the use of the method is restricted by legislation as well as lack of consumer acceptance (78).  

Probably the greatest impact on preventing listeriosis is to prevent the growth of the pathogen to 
high  numbers  in  foods  (135).  Data  on  the  prevalence  of  L. monocytogenes in foods and 
consumption of foods reveals that people are frequently exposed to small numbers of L. 
monocytogenes, and yet the number of cases is relatively low (135). Growth can be controlled by 
strict temperature and time limits, modification of foods to prevent the growth, and packaging 
techniques. 

Strict temperature control needs to be established at all points of the food processing chain (163). 
Although L. monocytogenes is able to grow at refrigerator, the growth is slowed, and refrigerators 
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should be kept at 4°C or less (148, 169). The chill-chain in processing and distribution is in most 
cases satisfactory, but temperatures in home refrigerators are often 5–7°C (69). In addition, 
acceptable storage times have to be established for foods that support growth of L. monocytogenes 
to high numbers.  For example,  butter has a long shelf  life that  may enable the bacteria to grow to 
high numbers, although initial contamination is usually low (169). For products that support the 
growth of L. monocytogenes and receive minimal processing, such as mixed salads, temperature is a 
principal controlling factor (173).  

Foods can be reformulated to prevent or retard the growth of L. monocytogenes. Traditional 
preservation methods are fermentation and adding salt, but salt alone is not adequate to control the 
growth of L. monocytogenes (159). Fermentation lowers the product pH, but lowered pH is not 
sufficient to prevent the survival of L. monocytogenes (288). Several chemical agents can be used as 
food additives to control the growth of the pathogen (Table 6). Listericidial and listeriostatic agents 
can also be added into packaging materials and coating films (41, 119).  

Reducing the level of L. monocytogenes in the final product and preventing its growth can be 
achieved in different ways, but generally no single method is effective, so combined preservative 
factors,  i.e.  hurdles,  have  to  be  used.  This  is  known  as  multiple  hurdle  technology  (167).  For  
example,  refrigeration  is  a  widely  used  hurdle,  but  if  chilling  is  insufficient,  or  in  the  case  of  L. 
monocytogenes, when the pathogen is able to grow in chilled temperatures, additional hurdles 
should be used (167). Although a single method may not be adequate for L. monocytogenes control, 
combining interventions can be listericidal or listeriostatic.  In dry sausages, the combination of low 
pH and aw is generally listeriostatic, but bacteriocin-producing starter cultures can be used as an 
additional hurdle to contol the pathogen (287, 288). Novel nonthermal technologies such as high-
pressure processing, pulsed electric fields and ultrasound can be combined with conventional 
preservation methods, or several non-thermal processes can be combined, to achive optimal 
microbiological control (252). Different hurdles in food processing might not have only a combined 
effect, but they can act synergistically, and thus using multiple hurdles is often worthwhile (167, 
252). In addition to food safety, hurdle technology adds to food quality, when multiple gentle 
preservation techniques are used and none is detrimental to sensory quality (167). 

Growth and survival of L. monocytogenes in foods are affected by multiple environmental- and 
food-related factors.  Thus, methodology for rapidly evaluating the growth of L. monocytogenes in 
particular products is needed. Predictive modeling can be used to combine mathematical modelling 
with experimental data on combinations of factors that influence the growth of the pathogen to 
predict the fate of L. monocytogenes in foods (282). Finally, the effects of control interventions on 
the sensory quality of foods, along with consumer acceptance, have to be taken into consideration.  
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Table 6. Agents and technologies used in food processing to inactivate, inhibit and control the 
growth of L. monocytogenes or prevent contamination. 

Agent or technology Use Effect on L. monocytogenes Reference 

    
Physical technologies    

Temperature    

Heating  > 70°C Cooking and pasteurization, 
cleaning of equipment and food 
processing environment (steam, air, 
hot water) 

Elimination 12, 99, 190 

Heat treatment < 70°C Mild heat treatment Elimination, decreasing 
number, reducing viability 

131, 243 

Cooling Refrigeration Reducing growth rate 130, 148, 169 

Freezing Frozen foods Preventing growth, 
decreasing number 

159 

Dehydration Dry foods Preventing growth 159 

Smoking Preserve foods and enhance sensory 
quality 

Decreasing number 131, 159  

Novel nonthermal technologies    

Ionizing irradiationc Fresh produce and endproduct 
decontamination 

Elimination 19, 84, 241, 

243 

Ultraviolet (UV) and intense 
light pulses 

Surface decontamination of foods, 
post.process decontamination after 
heat treatment 

Decreasing number 243 

High-pressure processing 
(HPP) 

Post-process treatment with or 
without packaging 

Elimination, decreasing 
number 

238, 243 

Pulsed electric field (PEF) Substitute for thermal 
pasteurization of liquid products 

Decreasing number 243 

Ultrasound Cleaning of food processing 
environment (conveyor belt), 
sanitizing of fresh produce 

Decreasing number 253, 283, 284 

 
 
Chemical agents 

   

Salt (NaCl) Food additive for preservation and 
enhancing sensory quality 

Reducing growth rate 131, 159 

Organic acids and  
their saltsa 

Aqueous wash of  produce, Surface 
decontamination by post-process 
dip or spray, carcass 
decontamination rinse, food 
additive 

Decreasing number, 
preventing growth 

100, 138, 

159, 243, 313  

Nitrite Food additive Preventing growth 159, 234 
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Agent or technology Use Effect on L. monocytogenes Reference 

Phosphate Dip Decreasing number 45 

Chlorine and chlorine dioxide Aqueous wash and  spray and 
gaseous treatment of foods, additive 
in chiller water to prevent cross-
contamination,  Sanitizing and 
cleaning equipment and food 
processing environments 

Decreasing number 121, 157, 

160, 166, 

182, 243, 

246, 313 

Quaternary ammonium 
compounds 

Sanitizing and cleaning equipmet 
and food processing environments 

Decreasing number 182, 310 

Ozone Aqueous wash of foods, gaseous 
preservation,  sanitizing and 
cleaning equipment and food 
processing environments 

Decreasing number, 
reducing viability 

225, 246, 301 

Hydrogen peroxide Sanitizing and cleaning equipment 
and food processing environments, 
Food additive 

Decreasing number 159, 246 

    

Spices, herbs and plant extracts Food additives Decreasing number, 
Preventing growth 

58, 94, 159 

Biocontrol    

Starter cultures Fermented foods: preservation and 
enhancing sensory quality 

Reducing growth rate, 
preventing growth 

288 

Bacteriocinsb Bacteriocin-producing starter 
cultures, food additives, post-
process dip 

Decreasing number, 
preventing growth 

17, 23, 37, 

39, 52, 76, 

91, 100, 140, 

162, 232 

Bacteriophage Food additive Decreasing number 117, 274 

aFor example: Acetic acid, diacetate, benzoate, lactic acid and lactate 
bFor example: nisin, pediocin and enterocin 

 

2.6.3 Surveillance, knowledge, education, regulatory framework 
 
Proper control of L. monocytogenes requires appropriate monitoring and surveillance, at the food 

plant as well as at governmental level. Consumer knowledge is of utmost importance in reducing 
the number of listeriosis cases. In addition, society has to state food safety objectives, which can be 
followed by FBOs to achieve the appropriate level of control in cost-beneficial ways. 

 
Monitoring and surveillance 
 
An intensive environmental sampling program has to be implemented in plants, especially those 

processing high-risk foods (285). End-product testing has limited value, because a problem might 
exist long before contamination is detected (285). When sanitation and hygiene procedures are not 
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effective to eliminate persistent contamination or foods are regularly contaminated, more intensive 
study of the contamination of food plant may be needed to detect the responsible site or failures in 
processing.   

Better understanding of the transmission of listeriosis, as well as linking food-borne outbreaks 
and  sporadic  cases  to  a  source,  is  critically  important  for  better  control  of  the  disease  (307).  
Surveillance networks and databases are needed to gather the information for fast and accurate 
recognition  of  outbreaks  and  to  respond  to  trends  in  the  incidence  of  the  disease  (60).  Since  
distribution of food is international, these databases should also be transnational and even 
worldwide (197). These databases would strongly reinforce the ability to detect international 
outbreaks (197) and rapid detection of listeriosis outbreaks and their sources, and could be used to 
limit the number of cases (307). Monitoring and reporting of foodborne diseases by government 
agencies is needed as well as routine food sampling and testing. Furthernore, harmonizing the 
reporting of human cases, and combining the information about the clinical cases with 
microbiological data, is important (60).  

The significance of the detection of low concentrations of L. monocytogenes in different food 
categories has to be judged. Foods need to be clearly differentiated into those that can, and those 
that cannot, support growth of L. monocytogenes. Some foods that occasionally harbour L. 
monocytogenes, such as mayonnaise-based salads may not necessarily support the growth of the 
pathogen (289). On the other hand, foods that have been considered low risk for listeriosis, such as 
butter, can support the growth of L. monocytogenes to high numbers, because of the extended 
storage time (169, 190). The manner and freaquency of consumption of certain foods affects the 
epidemiological association of that food category with listeriosis (135). Some foods that frequently 
harbour L. monocytogenes may still be consumed rarely or in small portions. 

 
Education and consumer knowledge 
 

Management training in food hygiene contributes to microbiological quality of foods and 
reduces the prevalence of L. monocytogenes (169). Knowledge about hygienic practices has to be 
taught to all food workers. 

Public awareness and knowledge is an important means of controlling listeriosis in particular. 
General recommendations to avoid listeriosis need to be taught to all people, i.e., preventing cross-
contamination in the household kitchen, correct storage times, and knowledge about risk foods (32).  
Those that belong to risk groups (pregnant, persons with underlying disease, elderly) have to take 
more severe actions and avoid certain risk foods, including soft cheeses, cold smoked and gravad 
fish, unpasteurized milk and milk products and pâté. The most susceptible individuals (cancer and 
organ-transplant patients) should even more carefully avoid all kinds of risk foods, that is, all 
uncooked products and foods that have been handled after heat-treatment (135). Education 
messages need to be targeted to susceptible populations as well as their caregivers, and to food-
processing personnel (135).  

 
Regulatory framework 
 

The general approach in legislation in Europe is that production of safe foods using HACCP-
based approach is the responsibility of FBOs. The EU legislation (79) lays down food safety criteria 
for L. monocytogenes in RTE foods, according to which, L. monocytogenes must not be present at 
levels above 100 CFU/g during the shelf life of a product. In addition, products that support the 
growth of the pathogen, must not contain L. monocytogenes in 25 g when they leave the production 
plant, unless the producer can demonstrate that the product will not exceed the 100 CFU/g limit 
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throughout its shelf life. 
The acceptable level of risk is ultimately decided by society, but it should be decided on the basis 

of risk-based measures (49). Some countries, like the USA, practice a zero-tolerance policy on L. 
monocytogenes, but the incidence of listeriosis cases is not generally lower than in countries that 
allow minimal numbers of L. monocytogenes in foods that do not support the growth of the 
pathogen (61). It is evident that regulatory policies are wise to aim at minimizing the risk of 
listeriosis and not to eliminate L. monocytogenes, which is most probably an impossible goal (285). 
Furthermore, contamination in food samples does not always correlate with the potential risk to 
public health: low levels of L. monocytogenes in sampled foods were nevertheless associated with a 
deadly nationwide outbreak in the USA (202). Latest Codex criteria suggest zero tolerance 
throughout the shelf life for RTE products that can support the growth of L. monocytogenes (53). An 
additional option is to tolerate 100 CFU/g throughout the shelf life, provided that the manufacturer 
is able to demonstrate that the limit is not exceeded (79).  

 
Research 

 
Advances in methodology, especially in molecular genetics, have been tremendous and genetic 

data is relatively easily available (192, 307). At the same time, other demands in research are 
increasing. New methodology and shared databases are about to recognize more outbreaks than 
ever, but time-consuming epidemiological follow-up is still needed to identify food vehicles (307). 
In addition, enormous datasets need analyzing and storing, and microbiology laboratories will be 
reliant on bioinformatics and information technology (192). 

L. monocytogenes has  been  of  major  concern  in  food  processing  for  many  years,  and  multiple  
control measures in preventing contamination and control have been studied and applied. L. 
monocytogenes is regulated by legislation as well as by the food control plans of individual FBOs, 
but the incidence of listeriosis has not declined remarkably. Some reasons for this are most probably 
the increasing number of susceptible individuals, changes in food consumption habits and food 
processing, and better recognition of outbreaks. Apart from this, impact of interventions used and 
specifically cost-benefit measures need to be considered continuously. The basis for such research 
is appropriate base-line studies to accurately recognize changes in numbers of food-borne 
listeriosis. 

Food processing is evolving and food consumption habits are changing, creating a constant need 
to stay in line with the adaptation of the pathogen into new niches (219). In addition to traditional 
food hygiene and microbiology, food-related issues such as food security, climate change, 
competition of resources, obesity, and socio-economic inequalities increasingly affect the food-
safety issues (219, 267). Control of listeriosis has to be done in this framework and this means that 
multidisciplinary research needs to involve sciences beyond those in the food safety field (219). 
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3 AIMS OF THE STUDY 
 
 
L. monocytogenes contamination routes and control in food production were investigated. 

Specific aims of this thesis were as follows: 
 
 
1. to study the prevalence and the diversity of L. monocytogenes in wild birds and throughout 

the pork production chain (I, II, III). 
 

2. to evaluate the contamination routes of L. monocytogenes  in foods and in the pork 
production chain (I, II, III) 

 
3. to determine specific procedures in farm management and in food processing to control L. 

monocytogenes  (II, III, IV, V) 
 

4. to observe strain-specific characteristics of L. monocytogenes in food processing (IV, V) 
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4 MATERIALS AND METHODS 
 

4.1 L. monocytogenes strains (I, III, IV, V) 
 
Altogether, 1174 L. monocytogenes isolates from animals, foods and food processing 

environments representing 310 AscI genotypes from the collection of the Department of Food 
Hygiene and Environmental Health (DFEH) were compared with the strains isolated in study I. In 
study III, previously collected RTE cold-smoked pork samples from the same processing plant were 
analyzed. 

In study IV, the inoculum consisted of a mixture of five L. monocytogenes strains: NCTC7973, 
NCTC5214, ATCC19116, LM206, and LM168. Strains LM206 and LM168 were originally 
isolated from mixed salads. Inoculated L. monocytogenes strains in study V: DCS 31, DCS 184, 
(Danisco, Niebüll, Germany), AT3E, HT4E, and HR5E (DFEH) were originally isolated from meat 
and were determined to be sensitive to pediocin by the well diffusion test (277).  

 

4.2 Collection and preparation of samples (I–V) 
 

4.2.1 Collection of samples (I, II, III) 
 
Altogether 212 samples of bird faeces were collected, 84 from urban areas of Helsinki, Finland, 

and 128 in the municipal landfill site of the Helsinki region (I). A total of 1962 samples was 
collected from the pig production chain originating from 15 farms, 5 organic and 10 conventional. 
Samples were collected from farms, slaughterhouse, and meat cutting plants (II). From each farm, 
21–26 pigs were selected for sampling, and samples from slaughterhouses and meat cutting plants 
were logistically connected to the corresponding pig or farm. A total of 183 samples was collected 
for contamination analyses, covering different stages in processing and RTE cold-smoked pork 
products (III).  

The samples of bird droppings (I) and pigs at farms (II) were collected with sterile cotton wool 
sticks into tubes containing half-Fraser broth (Oxoid, Hampshire, England) or into transport 
medium. At the slaughterhouse, tonsils were cut for samples, intestinal content was collected, and 
the pluck sets and carcasses were sampled by surface swabbing (II). Feed and litter were collected 
at farms and meat samples were delivered for investigations in cold storage directly from the cutting 
facilities (II). At the processing plant, pork samples and brining solution were collected aseptically, 
environmental samples were taken by surface swabbing, and plastic boot-covers were collected 
after use (III).  
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4.2.2 Preparation of L. monocytogenes inoculants (IV, V) 
 
In study IV, L. monocytogenes strains were incubated in brain heart infusion (BHI) broth (Difco, 

Sparks,  MD,  USA)  for  18  h  at  37ºC.  Equal  amounts  of  each  culture  were  mixed  in  a  BHI  broth  
followed by dilution with sterile peptone water (0.1 % w/v) and inoculated in a volume of 0.5 ml / 
100 g of lettuce, giving the final number of inoculated bacteria approximately 4.7 log CFU/g. In 
study V, concentration levels were measured by optical densities, and equal amounts of each strain 
were inoculated in a total amount of 10 ml peptone (0.1 %) saline (0.85 %) to yield a final 
concentration of 103 CFU/g of L. monocytogenes in sausage mass. 

 

4.2.3 Preparation and sampling of lettuce (IV) 
 
Iceberg lettuce was shredded and then washed with potable water (control), chlorinated water 

(100 ppm), 0.05 % peracetic acid solution (Fluka, Steinheim, Germany), or a 0.25 % solution of 
commercial citric acid-based produce wash (Fresh Produce Wash, Vegetec International Ltd., 
Suffolk, UK). After washes, the lettuce was packaged in 100-g lots in plastic bags made of Cryovac 
(Sealed Air Corporation, Saddle Brook, NJ, USA) packaging film (O2 permeability 5300 cm3/m2·d 
101.3 kPa, 23ºC) and sealed using a heat sealer. Packages were stored at 6°C and sampled on 
packing day and after 3 and 6 days of storage. 

 

4.2.4 Preparation and sampling of dry sausage (V) 
 
Two different starter cultures and the protective strain L. plantarum DDEN 2205 [designated 

earlier as WHE 92 (76)] were used. The concentration of starter cultures was 106 CFU/g and 
protective strain was used at two different concentrations. Ingredients in the 15 kg batch of dry 
sausage comprised 5 kg of frozen lean pork, 5 kg of frozen pork back fat, 5 kg of lean pork shoulder 
without rind (not frozen), 2.8 % salt, 170 ppm sodium nitrite, 1.1 % milk protein, 0.7 % dextrose, 
0.35 % spice mix, and 0.04 % sodium ascorbate. All ingredients were mixed in a bowl cutter, 
vacuum packed, and stuffed into fibrous collagen casings (Naturin, Weinheim, Germany). Sausages 
were fermented and ripened according to the following processing parameters: the sausages were 
stored at 24 C and 90 % relative humidity (RH) for 72 h. On the first two days (at 24 h and 48 h), 
the sausages were smoked for 1 h. After 72 h, the sausages were dried at 14 C and 75 % RH for 25 
days to obtain the final product on day 28. Sausages were weighed after stuffing (day 0) and on 
days 3, 7, 10, 14, 17, and 21, and pH was measured at 0, 24, 48, and 63 or 70 h after stuffing. For 
microbiological analyses, samples were taken after 4 h and on days 2, 7, 17, and 28 of ripening. In 
addition,  samples  of  control  sausages  without  L. plantarum DDEN 2205 were taken immediately 
after stuffing. Samples for enrichment of L. monocytogenes were also taken from raw materials. 
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4.3 Detection, enumeration and identification of L. monocytogenes (I–
V) 

 
Detection of L. monocytogenes was performed according to ISO method (136), with some 

modifications. Samples were initially enriched in half-Fraser broth (Oxoid) for 24 h at 30ºC and 
then in Fraser broth (Oxoid) for 48 h at 37ºC. In addition, cold enrichment was performed in study 
I. After each enrichment, samples were streaked onto two (II–V) or three (I) selective agar plates: 
Palcam  (Oxoid)  (I–V), Oxford (Oxoid) (I), Listeria monocytogenes blood agar (LMBA) plates 
(LAB M, Lancashire, UK) (I, II, IV, V), and Agar Listeria according to Ottaviani and Agosti 
(ALOA, AES Chemunex, Rennes, France) (III). Five typical colonies from each selective agar plate 
were cultured on blood agar, and L. monocytogenes was identified by a catalase test (I, II, III, V), 
Gram-staining (I, II, III, V), an API Listeria kit (bioMérieux, Marcy-l’Etoile, France) (I, II, III) and 
multiplex PCR method (I) with specific primers for the 16S rRNA sequence of the genus (31) and 
for the virulence gene listeriolysin O sequence of the species (18). One confirmed L. 
monocytogenes isolate was collected from each selective plate, i.e., 1–7 isolates were collected from 
each positive sample. 

Quantitative L. monocytogenes analysis was performed according to the ISO method (137), with 
minor modifications (IV) or by the 9-tube Most Probable Number (MPN) method (V). In the ISO 
method, the initial suspension was prepared in Fraser broth base with decimal dilutions in buffered 
peptone water, and samples were plated onto LMBA agar instead of PALCAM agar. For MPN 
analyses, 10 g of dry sausage, taken from the middle of the sausage, was mixed with 90 ml of 
peptone saline and blended with a laboratory blender (Stomacher 400, Seward Medical, London, 
England) for 1 min. Further decimal dilutions were made to obtain sampling sizes of 1, 0.1, 0.01, 
0.001, and 0.0001 g. Enrichment, plating and identification were done as in L. monocytogenes 
detection. 

 

4.4 Serotyping (I–III) 
 
One to four representative isolates of each genotype were serotyped with commercial antisera 

(Denka Seiken, Tokyo, Japan) according to the manufacturer’s instructions (I, III). In study II one 
isolate of each genotype was subjected to multiplex PCR (63), to separate four serovar groups (1/2a 
[including 1/2a and 3a], 1/2b [1/2b, 3b, and 7], 1/2c [1/2c and 3c], and 4b [4b, 4d and 4e]) and then 
commercial O-antisera (Denka Seiken) were used to identify each serotype in the serovar group 
obtained by PCR. 
  



40 
 

4.5 Pulsed-field gel electrophoresis (PFGE) (I–V) 
 

4.5.1 Isolation of DNA and PFGE 
 
DNA isolation and PFGE were performed (12, 14) with use of Pronase (Roche Diagnostics 

GmbH, Mannheim, Germany) instead of proteinase K. A single colony from blood agar was 
inoculated into Brain heart infusion (Difco) broth and cells were harvested from 2 ml of the broth 
after  overnight  incubation.  Cells  were  embedded  into  2  %  low  melting  point  agarose  (InCert  
agarose; FMC Bioproducts, Rockland, ME, USA), lysed for 3 h at 37ºC and washed with for 1 h at 
50ºC. Digestion of agar-embedded DNA was performed by restriction endonuclease (New England 
Biolabs, Beverly, Mass., USA) ApaI (II) and AscI(I–V) as described by the manufacturer. Samples 
were electrophoresed (14) in a Gene Navigator system with a hexagonal electrode (Pharmacia, 
Uppsala, Sweden). The pulse time ramped from 1 s to 30 s or 1 s to 35 s for ApaI and AscI, 
respectively, for 18 h. Low-Range PFG marker (New England Biolabs) was used for fragment size 
determination. The gels were stained with ethidium bromide and digitally photographed with an 
Alpha Imager 2000 documentation system (Alpha Innotech, San Leandro, Calif., USA).  
 

4.5.2 PFGE pattern analysis 
 
PFGE patterns were analysed by BioNumerics software (Applied Maths, Sint-Martens-Platen, 

Kortrijk, Belgium). The similarities among restriction patterns on the basis of band position were 
expressed as Dice coefficient correlations. Clustering and construction of the dendrogram were 
performed by using an unweighted pair group method with arithmetic averages (UPGMA). A 
composite data set was created by averaging the results obtained by both enzymes in study II. 

Identification of inoculated L. monocytogenes strains with PFGE was done in studies IV and V. 
Altogether 160 L. monocytogenes isolates from the inoculated lettuce samples were collected after 6 
days of storage (IV).  A total of 107 L. monocytogenes isolates were collected during or after 
ripening of dry sausages (V). 

 

4.6 Statistical analyses (II, III, IV) 
 
To assess different features associated with the presence of L. monocytogenes in pigs, 

correlations between farm factors (269) and the prevalence of L. monocytogenes were calculated 
(SPSS 12.0.1, SPSS Inc., Chicago, IL, USA) and a two-level  multivariate logistic regression model 
was constructed (MLwiN 2.02, Centre for Multilevel Modelling, University of Bristol, UK) (II).  

The 2 test or the Fisher’s exact test was used to compare the differences of L. monocytogenes-
positive meat or environmental samples at the different stages of the production chain (III). 

Data from the inoculation tests of lettuce were subjected to SPSS for Windows for analysis of 
variance and to Student’s t-test (IV). 
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5 RESULTS 
 

5.1 Prevalence of L. monocytogenes (I–III) 
 
Altogether 2358 samples from wild birds, pig production chain and pork processing plant were 

analysed and the prevalence of L. monocytogenes varied from 0 % to 54 % (Table 7).  The overall 
prevalence of L. monocytogenes in bird faeces was 36 %, but this figure was significantly higher in 
birds from the municipal landfill site than from urban areas ( 2 test, p<0.001). In the pig production 
chain, 119 of 1962 samples investigated (6 %) were L. monocytogenes-positive. The overall 
prevalence of L. monocytogenes was significantly higher on organic farms than conventional farms 
both when samples were assumed to be random ( 2 test, p<0.001) and when samples were clustered 
according to farms (Mann-Whitney U-test, p<0.01). In addition, prevalence was significantly higher 
in tonsil samples than in other samples from pigs ( 2 test, p<0.001). In the pork processing plant, 38 
(21 %) L. monocytogenes positive samples were found from 183 samples collected. In the brining 
area, 10 samples (55 %) were positive, whereas none of the samples were positive for L. 
monocytogenes in  the  dry  salting  area  and  most  of  the  contaminated  sites  were  associated  with  
brining machine. The number of the L. monocytogenes-positive pork samples clearly increased after 
brining injections and the prevalence of L. monocytogenes was significantly higher (p<0.0001) in 
the finished RTE cold-smoked pork products where brining injections were applied than in RTE 
cold-smoked pork products where dry salting and ripening alone were used. 

 
Table 7. Prevalence of L. monocytogenes in wild birds, pig production and a pork processing plant. 

Sampling site No samples No positive Prevalence % 
Wild birds 

Urban areas 84 8 10 
Municipal landfill site 128 69 54 

Pig production chain 
Farm 

Pigs at farm 364 4 1 
Feed and litter 38 4 11 

Pigs at slaughter 
Intestinal content 358 5 1 
Tonsil 350 83 24 
Pluck set 354 17 5 
Carcass 359 2 1 

Meat 140 5 4 

Pork processing plant 
Raw pork 67 12 18 
Cutting area 6 0 0 
Salting and brining area 38 16 42 
Smoking area 6 0 0 
Slicing and packing area 17 1 1 
RTE cold-smoked pork 49 9 18 
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5.2 Diversity of L. monocytogenes (I–III) 
 

5.2.1 PFGE typing 
 
PFGE typing revealed altogether 48, 36 and 17 L. monocytogenes genotypes from wild birds 

(212 isolates), the pig production chain (424) and the pork processing plant (66), respectively. 
Simpsons index of diversity (127) was for the bird 0.9701, pig production 0.9307, and pork plant 
0.9026. 

Comparison of L. monocytogenes profiles  of  bird  samples  with  the  profiles  in  the  DFEH  
collection revealed that 34 genotypes (71 %), representing 60 samples (78 %), were previously 
recovered from other sources. Similar genotypes were previously detected in animals, farms, food 
processing environments and different foods.  

In pig production, the highest number of different genotypes was recovered from the farm that 
also had the highest prevalence of L. monocytogenes. All genotypes detected in feed or litter were 
also recovered from pig samples. Six of the seven genotypes detected in pluck sets were also found 
in  tonsils,  and  16  of  the  17  pigs  that  had  L. monocytogenes in more than one sample had the 
bacterium in the tonsils. The two L. monocytogenes-positive carcass samples harboured the 
genotypes that were also found previously from pigs of the same farm.  

In the pork processing plant, one genotype was found in all processing stages, whereas seven 
genotypes were found at only one sampling site. Raw pork contained eight different genotypes of 
which three were found also in the finished RTE cold-smoked pork and two in latter stages of 
processing, but not in the finished product. All three genotypes that were found in RTE pork and in 
the plant environment were detected in the brining area. Moreover, all samples taken from the 
personnel in the brining area were found to be positive for L. monocytogenes. Four genotypes were 
found only in the meat processing environment and were found neither in incoming raw pork nor in 
the finished RTE cold-smoked pork products. Of the eight genotypes found in RTE pork, six were 
found in earlier stages of production, either in raw material or in plant environment. 

 

5.2.2 Serotyping 
 
The most common serotype in wild birds, the pig production chain and the pork processing plant 

was 1/2a, representing 30 (63 %), 35 (97 %), and 13 (76 %) of genotypes, respectively. In birds, 12, 
4 and 2 genotypes belonged to serotypes 4b, 1/2c and 1/2b, respectively. In pig production, serotype 
1/2c was represented in one genotype. In the pork production plant, 1/2c represented two genotypes 
and 4b and 4d both one genotype.  

 

5.3 Farm factors affecting on presence of L. monocytogenes (II) 
 

In correlation and logistic regression analyses, large group size and contact with pets and pest 
animals were associated with a high prevalence of L. monocytogenes on farms. In correlation 
analyses, organic production, hygiene conditions, and farm management practices, i.e., management 
of manure, use of coarse feed, access to outdoor area, and drinking from the trough were also 
associated with a high prevalence of L. monocytogenes. 
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5.4 Survival of L. monocytogenes during food processing (IV, V) 
 

5.4.1 Survival of L. monocytogenes in lettuce after washing (IV) 
 

Mean inoculation level of the mixture of five L. monocytogenes strains was 4.36 log CFU/g. 
Chlorinated water, commercial citric acid-based produce wash, and peracetic acid solution reduced 
the numbers of L. monocytogenes by 0.7, 1.0, and 1.7 log CFU/g, respectively (Figure 4).  Water 
was significantly less effective (p<0.05) than any of the disinfectants in decreasing the number of L. 
monocytogenes. Peracetic acid solution reduced the number of L. monocytogenes significantly more 
(p<0.01) than commercial citric acid-based produce wash or chlorinated water. The number of L. 
monocytogenes remained lower than inoculation levels during 3 days storage at 6°C, being 
significantly lower (p<0.05) on samples washed with commercial citric acid-based produce wash 
and peracetic acid than on those washed with water. After 6 days of storage, the number of L. 
monocytogenes had reached the inoculation level on all samples. Samples washed with water had 
significantly higher numbers (p<0.05) of L. monocytogenes at the end of the storage period than the 
samples washed with disinfectants.  

 
 

 
Figure 4. L. monocytogenes counts on precut lettuce samples inoculated with a mixture (4.7 log 
CFU/g) of equal amounts of five L. monocytogenes strains before and after washing treatment 
and after 3 and 6 days of storage at 6°C.  
 

5.4.2 Survival of L. monocytogenes in dry sausage (V) 
 
L. monocytogenes was detected at the end of the ripening in sausages without L. plantarum 

DDEN 2205, and with the combination of starter A and low level of L. plantarum DDEN 2205, at 
12–14 and <0.1–0.1 MPN/g, respectively. The other two sausage treatments were Listeria-free after 
17 and 28 days of ripening. All sausages with L. plantarum DDEN 2205 contained less than 100 
MPN/g at all sampling times. Weight losses over 21 days of ripening were 200–240 g (27–32 %). 
The pH values of the sausages decreased from 5.6–5.7 to 4.7–5.0 and 4.5–4.7 in 48 h and 63–70 h 
of fermentation, respectively. 
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5.4.3 Differences in survival between L. monocytogenes strains (IV, V) 
 
In lettuce, L. monocytogenes strain LM206 was recovered most frequently after 6 days of storage 

(Figure 5), and it was the most prevalent strain after washes with chlorinated water and peracetic 
acid, whereas strain ATCC19116 was the most frequent after washes with water and commercial 
citric acid-based produce wash. Strain NCTC7973 was not present among the 160 strains analyzed 
after 6 days of storage. 

 
Figure 5. Recovery of five L. monocytogenes strains in lettuce, inoculated in a mixture of equal 
amounts of each, after different washes and 6 days of storage at 6°C 
 
 
In sausage, strain AT3E was recovered most frequently (Figure 6) and was detected in all 

sausages at some point of ripening. Strain HT4E was not detected in any of the samples, and HR5E 
was detected only in sausages without L. plantarum DDEN 2205. Raw material was contaminated 
with  a L. monocytogenes strain before inoculation, and the strain was also detected in sausages 
during and at the end of ripening.  
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Figure 6. Recovery of L. monocytogenes strains, inoculated in equal 
amounts, in dry sausage during ripening. Unknown  = strain originating 
from raw material 
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6 DISCUSSION 
 

6.1 Prevalence of L. monocytogenes (I–III) 
 
L. monocytogenes was commonly found in wild birds, pigs and the pork production chain. 

Prevalence varied among sampling sites: the pathogen was found more in wild birds feeding in the 
landfill site than in urban areas; it was more common in organic pig farms than on conventional 
ones, and in tonsils rather than in other samples; and it was associated with brining at the pork 
production plant. 

The mean prevalence of L. monocytogenes (36 %) in birds was higher than the previously 
reported figures of 0–33 % (35, 47, 87, 242, 304, 312). The great variation in prevalence in different 
studies may be due to differences in the living environment and feeding habits of birds. Fenlon (87) 
reported that seagulls feeding in sewage had a higher prevalence of L. monocytogenes than seagulls 
feeding elsewhere, which is a similar finding with ours in the respect that the feeding environment 
influenced the prevalence of L. monocytogenes. Other researchers (47, 242, 312) have also 
suggested that living environment has an influence on prevalence of L. monocytogenes. The living 
environment combined with the feeding habits likely affect the fecal carriage of L. monocytogenes. 
Most  birds  can  probably  carry  Listeria spp. asymptomatically in their intestines, with prevalence 
varying according to feeding habits.  

The prevalence of L. monocytogenes in pigs was consistent with earlier findings, except the high 
prevalence observed in tonsils and pluck sets of pigs from organic farms. In fecal and carcass 
samples, the prevalence of L. monocytogenes has  been  reported  to  be  low,  0–2 % (89, 150, 156, 
170, 257, 271), but it was higher in tonsils (7–14 %) than in other pig samples (15, 16, 150, 271). 
The prevalence of L. monocytogenes was higher in organic than conventional pig production, and L. 
monocytogenes was isolated from pigs of all organic farms. Certain practices on organic farms, such 
as large group size, access to outdoor areas, and use of coarse feed, seem to explain this higher 
prevalence. Large numbers of pigs in one pen enable contact with more pigs, thus spreading the 
bacterium. Moreover, because L. monocytogenes is common in the environment (220, 247), outdoor 
areas may be a source of contamination. Finally, coarse feed is frequently contaminated with L. 
monocytogenes (88, 129). Although these practices appear to be associated with the prevalence of 
L. monocytogenes, they  may otherwise  be  advantageous  with  regard  to  pig  welfare,  which  is  one  
aim in organic production, and some of these practices are also required by the EU’s organic 
production regulations (80), under which pigs must have permanent access to pasture or roughage. 

Prevalences of L. monocytogenes among other animal species and humans have varied in 
different studies and in different populations. Point prevalences of L. monocytogenes in faeces 
among healthy humans, pigs and cattle have been about 1 %, 1 16 %, and 2 53 %, respectively, 
and they have been affected by type of food, feed and environment (89, 134, 262, 292). 

In the pork processing plant, the prevalence of L. monocytogenes was significantly higher in the 
finished RTE cold-smoked pork products when brining injections were used than in those that were 
dry salted. The brining area was the most contaminated site with L. monocytogenes. In some food 
processing plants, the presence of L. monocytogenes has been reported to strongly correlate with the 
use of brining injections and cold-smoking time (12, 25). Moreover, brining injection has been 
observed as a significant factor in contamination of cold-smoked meat with L. monocytogenes (25).  
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6.2 Diversity of L. monocytogenes (I–III) 
 

6.2.1 Genotypes 
 
L. monocytogenes isolates collected from wild birds, pigs and pork production plant showed a 

high  level  of  diversity.  Marked  diversity  of  L. monocytogenes in many environments has been 
reported previously (14, 260, 295), and was confirmed in our study. Because of the high diversity of 
L. monocytogenes in the environment, feed and food, animals such as pigs and birds may harbour 
the strains present in their living environment and feed. 

The high diversity of the pathogen recovered from birds may be due to their eating a variety of 
waste foods from the ground; they may indeed harbour in their intestines the entire range of L. 
monocytogenes from their living environment. This hypothesis is supported by the fact that 
although the  overall  diversity  was  high  nearly  half  (44  %)  of  the  genotypes  were  recovered  from 
more than one bird, suggesting a common origin for these strains. In addition, the prevailing 
genotypes in birds were also often detected in other sources, which may simply mean that some L. 
monocytogenes genotypes are, overall, more common than others.  

A large variety of genotypes was recognized in incoming raw pork in the pork processing plant, 
but only three out of eight genotypes were found later in the production line.  This finding shows 
that a genetically diverse population of L. monocytogenes entered the meat processing plant with 
raw material, whereas only some of the strains colonized the establishment. Moreover, two strains 
were found to persist in the production plant over a period of five years. Thus, L. monocytogenes 
population in incoming raw material and in the food processing plants may be separate and the 
population in the plant may include strains persisting, possibly for years, within plants (12, 25, 124). 

 

6.2.2 Serotypes 
 
Serotype 1/2a represented over two thirds of genotypes in wild birds, pigs and a pig production 

plant, and other detected serotypes were 1/2b, 1/2c, 4b and 4d. Serotypes 1/2a, 1/2b and 4b are most 
commonly detected in human listeriosis cases and predominant serotypes in foods have been 
reported to be 1/2a, 1/2b and 1/2c (294), but serotype 4b is not rare. This shows that serotypes 
causing human listeriosis and found in foods are also common in the environment and the food 
processing chain.  

The prevalence of serotype 4b in birds seems to be higher than in pigs or the pork production 
plant and in foods in earlier reports (14, 179). This may reflect longer persistence in birds of 4b 
strains than other serotypes or better adaptation of serotype 4b to waste foods than foods in other 
environments, i.e., refrigerated temperatures. In pigs, nearly all isolated L. monocytogenes strains 
were serotype 1/2a, indicating that some L. monocytogenes types may be better adapted to pig 
production environments than others. Adaptation of a certain group of L. monocytogenes, including 
serotype 1/2a, to that niche has also been discussed previously (102, 125). Nevertheless, the pork 
production plant harboured a higher diversity of serotypes than primary production. Persistent 
strains were found in a pork production plant and this may reflect serotype diversity. 
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6.3 Contamination by L. monocytogenes in food production chain 
 
The majority of genotypes recovered from birds were also detected in other sources such as in a 

variety  of  foods,  along  the  food  processing  chain  and  in  other  animal  species.  The  probable  
explanation is that the origin of the L. monocytogenes in birds is the foods that they eat; conversely 
birds might also disseminate bacteria in their droppings into the food chain when they enter food 
processing plants, or when vegetables are grown in open fields, or foods are sold in outdoor 
marketplaces. Clearly, birds do not harbour a distinct population of L. monocytogenes of their own 
and in this respect they probably have a role in disseminating L. monocytogenes in nature and might 
also serve as a vehicle in contaminating foods and food processing plants.  

Similar genotypes were frequently found in different pigs of the same farm, implying a common 
origin for the L. monocytogenes in  the  pigs  of  one  farm.  Feed  and  litter  were  found  to  be  
contaminated with L. monocytogenes, and L. monocytogenes genotypes found in feed or litter were 
also detected in pig samples. Animal feeds and the farm environment commonly harbour L. 
monocytogenes (88, 129, 220), thus serving as a contamination source. This contamination may be 
the origin of the bacterium further along in the food chain. In addition to a common origin, bacterial 
spreading from pig to pig on farms is possible since pigs are reared in close contact with each other. 
L. monocytogenes genotypes found in pluck sets were similar to those in tonsils, indicating direct 
contact and contamination during slaughter between tonsils and pluck sets. Contamination of tonsils 
and pluck sets could also spread from pig to pig since the same equipment is used in the 
slaughtering line (16, 233). However, rectal swabs collected already from farms had similar strains 
to those later isolated from pigs in the slaughterhouse, and thus, at least part of the contamination 
detected at the slaughterhouse originates from farms. Carcass samples contaminated with L. 
monocytogenes harboured the same genotypes as pluck sets, and thus, the carcass likely becomes 
contaminated during slaughter, although this is not as common as contamination of pluck sets. 
Furthermore, the same genotype as in carcasses was detected in cut meats, indicating that 
contamination of meats may originate from carcasses. Transmission of L. monocytogenes has been 
suspected to occur mainly via the slaughterhouse environment, not primarily via animals (30). As 
shown in this study, direct contamination during slaughter from tonsils to pluck sets and carcasses 
is also possible. Further, the present study demonstrated that L. monocytogenes in pigs may spread 
all  the  way  from  the  farm  to  meat  cuts,  as  similar  genotypes  were  found  in  samples  from  pigs,  
carcass and meat. In addition, L. monocytogenes was also detected in meats from farms where no 
contaminated carcasses were detected and those strains were not found in other samples. This 
indicates that contamination has most likely occurred from environment in cutting facilities, which 
is known to be often a source of contamination (151).  

Incoming raw pork in the processing plant was frequently contaminated with L. monocytogenes 
and genotypes in raw meat were also found in processing environment and in RTE products. Thus, 
raw material seems to be a considerable source of contamination into processing facilities and may 
also be an important source of contamination of finished products (12, 21, 22, 25), particularly when 
the processing does not involve sufficient heat treatment to inactivate L. monocytogenes. Further, 
strains showed to persist in the plant over many years and environmental contamination has been 
shown to be a major source of contamination of finished products (12, 25, 124). In the pork 
processing plant, the number of L. monocytogenes-positive environmental samples significantly 
increased in the brining area, revealing the brining machine and personnel working with brining 
procedures to be the most contaminated sites. Thus, the overall prevalence of L. monocytogenes in 
raw pork increased after brining injections. Brining has been associated with the contamination by L. 
monocytogenes, especially when the brine is recirculated (12, 114). The complexity and poor 
hygienic design of the brining machines could facilitate further spread of the L. monocytogenes in 
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the meat processing environment, especially when improper cleaning and disinfection procedures 
are applied (12, 114, 184, 185). Contamination may also spread via personnel in processing plant 
facilities,  especially  when  plant  design  and  traffic  are  poor,  or  when  rotating  assigned  duties  (12,  
250).  

 

6.4 Control of L. monocytogenes in food production 
 

6.4.1 Farm 
 
Even within the same production system, a wide range of prevalence existed between farms, 

suggesting that some farm-specific factors affect the presence of L. monocytogenes.   These  farm  
factors include large group size, contact of pigs with pets and pest animals, treatment of manure, 
hygiene practices, and drinking from a trough. In large groups, the bacterium may spread from one 
pig to many others, and thus, smaller groups in pens may be advantageous. Pet and pest animals 
may spread the bacterium into the farm environment or contaminate feeds, so controlling pest 
animals and restricting the entrance of pets and birds into piggeries reduces the prevalence of L. 
monocytogenes. Drinking water can easily be contaminated when pigs drink from a common 
trough; use of nipple drinkers may be recommended. In addition, liquid manure compared with 
solid manure as well as mechanical removal of manure reduce the prevalence of L. monocytogenes. 
Some earlier studies have reported similar results, showing that farm management practices, such as 
specific pathogen-free herds (271) and type of feed (20, 21), influence the prevalence of L. 
monocytogenes. 

Farms with the highest prevalence of L. monocytogenes had no contaminated carcasses. This 
shows that a high prevalence of L. monocytogenes in pigs does not inevitably lead to highly 
contaminated meats. Several preventive actions can be utilized in the slaughtering process to reduce 
contamination of pathogenic bacteria, including good slaughtering technique and hygiene, proper 
cleaning and disinfection of equipment and good operating protocols (30, 161). With good 
manufacturing practices, contamination from pigs to the food chain may be substantially reduced, 
and thus, solid hygienic practices are of the utmost importance during slaughter.  
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6.4.2 Manufacturing practices 
 
Only one L. monocytogenes-positive sample was found in the slicing and packaging area of the 

meat processing plant and none of the positive samples was found in the smoking area. Both areas of 
the meat processing plant were well separated from the other facilities of the raw and processed 
meats, thus maintaining good manufacturing and hygienic procedures to minimize L. 
monocytogenes contamination during production. The degree of compartmentalization had an 
impact on L. monocytogenes contamination  status  in  the  meat  processing  plants.  Thus,  less  
compartmentalized areas of the processing line were more frequently contaminated and for longer 
periods of time than the processing lines with a well separated processing areas (48, 186, 285). 

 

6.4.3 Washes 
 
All of the tested washing solutions decreased the populations of L. monocytogenes on precut 

iceberg lettuce, peracetic acid being the most effective. Reduction by peracetic acid compared to 
water was higher in this study than in earlier reports (313). The reduction of L. monocytogenes with 
chlorine wash was consistent with the results of previous studies (59, 276). The commercial citric 
acid-based produce wash was as effective as chlorinated water against L. monocytogenes. 
Regardless of the statistically significant differences, the total reduction of L. monocytogenes was at 
maximum 1.7 log CFU/g and none of the sanitizers eliminated L. monocytogenes from the produce. 
The number of L. monocytogenes rose during storage, reaching the initial inoculation level prior to 
6 days of storage at 6 C. L. monocytogenes is reported to be able to grow on lettuce (59, 276), with 
growth increasing at higher temperatures (227). The optimal upper limit for refrigerated products is 
lower than in our study, being about 4°C, but in practice the optimal temperature limits are 
frequently abused before consumption of the produce (293). Our results show that L. 
monocytogenes is able to grow, regardless of the disinfectant used, at typical household refrigerator 
temperatures. This stresses the importance to allowing only good-quality products into the market to 
ensure the quality and safety of fresh-cut lettuce for the consumer. The initial inoculation levels of 
L. monocytogenes were achieved during storage and, although the counts of L. monocytogenes were 
lower on samples washed with disinfectants than on those washed with water, the differences 
reduced during the storage. Therefore, using disinfectants to wash lettuce is not enough to assure 
the safety of the produce. Newertheless, disinfectants prevent the build-up of pathogens in washing 
solution (296), and thus, the use of sanitizers may be advisable. 

  

6.4.4 Protective cultures 
 
The number of L. monocytogenes by the end of the ripening decreased to the level of <100 

MPN/g, which is the European regulation for RTE foods like dry sausage during their self-life (79), 
in all sausages. The decrease in pH during ripening was not in itself sufficient to eliminate Listeria, 
since the bacterium is capable of multiplying at pH values from 4.0 to 9.6 (83, 159), but other 
hurdles, such as low water activity (aw) and pediocin produced by L. plantarum DDEN 2205 
inactivated the bacterium. L. monocytogenes was detected in higher levels in sausages without 
pediocin-producing L. plantarum DDEN 2205 than in sausages with this protective strain. Starter A 
with high concentration of protective culture DDEN 2205 and starter B with low concentration of 
DDEN 2205 eliminated L. monocytogenes from dry sausage during ripening and they appeared to 
be effective combinations to control L. monocytogenes in dry sausages.  
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6.5 Strain-specific characteristics of L. monocytogenes  
 
Recovery of the inoculated L. monocytogenes strains clearly showed that there were strain-

specific differences in their ability to survive in lettuce and dry sausage, and clearly some strains are 
harder to eliminate from products than others. Some strains may be better adapted to certain 
conditions in food processing or foods.  In addition, these detected differences between strains 
provide evidence that observations on single strain are inadequate. 

In lettuce, the differences may be due to variable ability to tolerate different disinfectants, or to 
differences in attachment to the lettuce surface, or to a combination of these. Different L. 
monocytogenes strains are known to have variable resistance to disinfectants (215), and this may 
lead to better survival of certain strains during the washing of the lettuce. In addition, strain-specific 
differences have been observed in the ability of L. monocytogenes to attach to the surface of alfalfa 
sprouts, and the poorest colonizing strain was unable to attach to the sprout (105). In our study, one 
strain (NCTC7973) could not be detected on lettuce after storage, and this strain may not have been 
able  to  attach  to  the  lettuce  surface,  thus  being  easily  removed  with  all  of  the  washing  methods.  
Moreover, the strain originally isolated from salads was recovered most often overall and an other 
was the second most recovered strain after washes with chlorinated water and peracetic acid. This 
may indicate that strains originating from salads have adapted to their environments.  

In sausage, two of the strains, HT4E and HR5E, were inhibited in all sausages with the 
protective L. plantarum strain, and HT4E was not detected in any of the sausages. One strain, 
AT3E, was detected in all sausages at some point of ripening, and two of the strains, DCS148 and 
DCS31, were detected in all sausages other than the one with the high concentration of protective 
culture. Overall, strains DCS31 and AT3E were detected more often than other strains. Strain-
specific difference in survival of Listeria in dry sausage between strains isolated from sausages and 
sausage-making environments and strains isolated from other sources have been observed 
previously (280). In the present study, all strains were originally isolated from meats. The natural L. 
monocytogenes contaminant was isolated in all sausages except the ones without pediocin 
producing protective culture. The probable explanation is that this strain was more resistant to 
pediocin than inoculated strains and it was a better competitor in sausages with L. plantarum DDEN 
2205 than other L. monocytogenes strains. L. monocytogenes strains have been found to vary in 
their susceptibility to class IIa bacteriocins in vitro (75, 76, 152). The observed survival of the 
natural contaminant shows that raw material may contain strains, possibly originating from meat 
processing environments, that are well adapted to conditions during fermentation. Overall, the 
hurdle concept in dry sausage making should be effective against the most resistant strains of L. 
monocytogenes.  
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7 CONCLUSIONS 
 
1. L. monocytogenes is commonly found in wild birds, the pig production chain and in pork 

production plants, and a high level of genetic diversity was demonstrated among strains. The 
bacterium is not evenly distributed, but is found most frequently in certain sites, i.e., birds 
feeding in a landfill site, organic farms, tonsil samples and sites and products associated with 
brining. L. monocytogenes in birds, farms, food processing plant or foods do not form 
distinct genetic groups, rather, populations overlap, although some genotypes were more 
common in the food chain than others. In addition, some serotypes seem to be more frequent 
in certain niches than in others. 

 
2. Contamination of L. monocytogenes may originate from several sources. Contamination by 

L. monocytogenes in pork production may originate from farm. Birds may disseminate L. 
monocytogenes into food processing environments or directly into foods. Raw material can 
be a source of contamination into the food processing plant and foods. L. monocytogenes can 
persist in food processing plants and further contaminate foods. Especially, brining in 
production of RTE pork is an important source of contamination.  

 
3. Control of L. monocytogenes can be implemented throughout the food chain.  Reduction of 

the prevalence of L. monocytogenes on a farm can be achieved by specific farm management 
practices  and  this  can  contribute  to  the  overall  reduction  of  L. monocytogenes in the food 
chain. Since birds harbour L. monocytogenes, preventing access of birds to food processing 
environments is important. In the food processing plant, especially the brining area should 
be subjected to disassembling, extensive cleaning and disinfection to eliminate persistent 
contamination with L. monocytogenes. In addition, the removal of the brining step from the 
production of cold-smoked meat products and using dry-salting instead has to be taken into 
consideration.  With regard to the production of precut lettuce, the present work 
demonstrates that the number of L. monocytogenes is reduced by the sanitizers, but none of 
the washing solutions eliminated L. monocytogenes from produce, so high-quality raw 
material and good manufacturing practices remain important. Protective starter cultures, 
such as L. plantarum, provide an appealing hurdle in dry sausage processing and assist in the 
control of L. monocytogenes. 

 
4. L. monocytogenes show strain-specific differences in survival and growth in lettuce and in 

dry sausage. The ability of some L. monocytogenes strains to survive well in food production 
raises a challenge for industry because these strains can be especially difficult to remove 
from the products. Possible variations in susceptibility and development of resistance in 
L. monocytogenes strains can create problems and raises a need to use the appropriate hurdle 
concept to control most resistant strains. 
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