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ABSTRACT 
 

Listeria monocytogenes is an intracellular pathogen that poses serious risks for 

immuno-compromised individuals. On the farm risk assessment is needed to 

reduce exposure of such individuals to this pathogen.  Base line epidemiological 

surveys for this pathogen are needed to identify common ecological reservoirs 

and sources.  A 21 month survey of 4 animal farm types for L. monocytogenes in 

five different states was conducted to determine the level of occurrence in 

various environments.  An overall occurrence of 1.4% (20/1432 samples) for L. 

monocytogenes was observed in this 21 month survey.  Each sample type (soil, 

bedding/litter, feed/grass and animal rectal swabs) produced an isolate of L. 

monocytogenes.  The Winter and Spring of 2003 produced the greatest number 

of isolates (18 of 20 total isolates).  Feed and animal rectal swabs exhibited the 

highest number of isolates, eight and 10, respectively.  The Simpson’s Index of 

Diversity for RiboPrinting™ of the isolates at 100% similarity was 0.9737, for 

PFGE with AscI 0.9684 and PFGE with ApaI 0.9842, indicating a parity amongst 

the two characterization methods.  Clonal (100% similar) isolates were seen 

amongst samples taken from non-contiguous states and multiple isolates from 

the same farm with differing genetic compositions were isolated, yet no clear 

regional relationships were evident.  Enrichment types and enrichment incubation 

times were not significant for isolating L. monocytogenes, having equivalent odds 

for isolating L. monocytogenes.  Selective plating media was nearly significant 

with a point estimate of 1.569 (p=0.0806), which when the highest season (third) 

was analyzed alone the significance level dropped (p=0.0584).   
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Listeria monocytogenes 

The United States Department of Agriculture’s (USDA) Food Safety and 

Inspection Service (FSIS) is committed to improving public health through food 

safety (FSIS 2004).  One of the major activities of this objective is the use of risk 

assessment to evaluate risks in farm-to-table food safety strategies, as well as 

the evaluation of surveillance programs for the ability to provide accurate 

scientific knowledge for the establishment and improvement of public health 

programs. 

The Centers for Disease Control and Prevention (CDC) reported in 2002 

that Listeria monocytogenes had the highest hospitalization rate (86.7% of 

reported cases) and the highest mortality rate (18.0%) for all food-borne 

pathogens tested for (CDC 2002a).  L. monocytogenes was responsible for less 

than 1% of total infections reported to FoodNet, a 10 state ongoing survey of 

foodborne illness, yet 19 of 51 human deaths reported were due to infection from 

L. monocytogenes.  Human listeriosis incidence, new cases of human individuals 

who exhibit symptoms due to infection from L. monocytogenes,  has declined 

over the past 14 years and in 2002 was 0.27 cases per 100,000 population, near 

the Healthy People 2010 objective of 0.25 cases per 100,000 population (CDC 

2002a).  Despite these encouraging figures, the mortality rate of this foodborne 

pathogen requires a comprehensive study for the prevention of this bacterium’s 

propagation in the U.S. food chain. 

 Listeria monocytogenes is a facultative anaerobic, gram positive bacterial 

rod.  Listeriosis, the disease resulting from infection from L. monocytogenes, is 
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an intracellular infection that makes individuals with weak immune systems most 

susceptible to this disease.  L. monocytogenes is considered ubiquitous in the 

environment, that being the ability to grow in all environments, and able to grow 

at refrigeration temperatures.  The prevalence of this microorganism in various 

food systems has lead to preventative action taken by regulators, such as the 

Food and Drug Administration’s (FDA) zero-tolerance for the presence of L. 

monocytogenes on ready-to-eat meats.  The introduction of L. monocytogenes 

into meat food systems is cause for the investigation of various animal farm 

environments for the prevalence of this pathogen (FDA 2001). 

 L. monocytogenes exhibits several physiological characteristics that 

provide for greater survival on the farm and in food processing plants.  The ability 

of L. monocytogenes to grow at refrigeration temperatures (1˚C) and as high as 

42˚C extends the possible habitats for growth and survival beyond most food 

borne pathogens (Junttila and others 1988).  L. monocytogenes has shown to 

exhibit generation times of approximately 43h, 6.6h and 1.1h at 4˚C, 10˚C, 37˚C 

respectively (Barbosa and others 1994). 

 The ability of L. monocytogenes to tolerate higher osmotic conditions 

(halotrophic) enables it to survive in a greater diversity of environments.  

Normally most mesophilic pathogens require a water activity (aw) of 0.93 or 

higher.  L. monocytogenes has been shown to grow below 0.93 and even to 0.9 

in BHI adjusted by glycerol when grown at 30˚C (Farber and others 1992).  L. 

monocytogenes is classified as a facultative anaerobe, which indicates it is able 

to survive in both anaerobic and aerobic environments.  The motility of L. 
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monocytogenes is typically, yet not always, present and is most active between 

24˚C and 30˚C, yet still present at 10˚C and 37˚C (Galsworthy and others 1990).   

 Listeriosis is the disease resulting from infection with L. monocytogenes.  

Susceptible individuals are those with suppressed immune systems, such as 

cancer patients, AIDS patients, young children, elderly persons, and pre-born 

infants.  Listeriosis is an intracellular pathogen, spreading directly from cell to 

cell.  Büla and others (1995) reported that age was a significant favor (p=0.01) for 

onset of listeriosis, especially those over 65 years old.  The Centers for Disease 

Control and Prevention (CDC) reported L. monocytogenes having an overall 

incidence rate of 0.26 cases per 100,000 people (CDC 2002a). 

 Listeriosis amongst healthy adults has been shown to result in a fever 

lasting on average 27 hours and diarrhea for 42 hours upon the initial sequelea 

(Dalton and others 1997).  Vazquez-Boland and others (2001) suggest that up to 

70% of human L. monocytogenes infections affect the central nervous system 

(CNS).  The CNS infections are typically meningoencephalitic in origin, yet for 

most adult humans the encephalitic form is more common in infected animals, 

exhibiting mortality rates as high as 60%.  Bacteremias and septicemias are 

another frequent pathway for infection in adult humans, with mortality rates as 

high as 70% for immuno-compromised adult humans (i.e., cancer patients, AIDS 

patients, etc.).  Pre-born babies, neonates and their mothers, as well as the 

elderly, are humans hosts that are normally susceptible to listeriosis (Vazquez-

Boland and others 2001).  Clinical abnormality in humans begins after a reported 

median incubation period of 20 hours after ingestion (Dalton and others 1997).   
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Prevalence of Listeria monocytogenes 

The FDA has a zero tolerance for the presence of L. monocytogenes on 

fully cooked or ready-to-eat products.  L. monocytogenes has been implicated in 

several outbreaks, including the landmark 1985 Mexican soft-cheese case that 

resulted in several deaths.  In 2002 the CDC reported an outbreak of listeriosis 

from precooked sliceable turkey deli meat mostly affecting the northeastern part 

of the United States of America (USA).  In this outbreak 46 people were affected 

with listeriosis, with ten fatalities (including 3 miscarried or stillborn children).  

Twenty seven million pounds of fresh and frozen ready-to-eat turkey and chicken 

products were recalled after a May 1st production date until October 11th (CDC 

2002b). 

 Mexican-style soft cheese was implicated as the vehicle for L. 

monocytogenes which caused 142 cases of listeriosis from January 1 until 

August 15 of 1985, leading to 48 deaths.  The 48 deaths included 20 pre-born 

babies, 10 neonates and 18 non-pregnant adults.  Serotype 4b was responsible 

for 82% of the cases of listeriosis.  Unpasteurized milk was implicated as the 

source for the L. monocytogenes isolates.  Only one of the 27 dairy farms that 

provide milk for the cheese produced at the factory which produced the 

contaminated cheese reported feeding silage during the three months preceding 

the outbreak, which is often implicated as the source for L. monocytogenes on 

the farm.  L. monocytogenes was not found from any of the dairy herds providing 

milk when tested during June of 1985 (two weeks after the cheese factory was 

closed) (Linnan and others 1988). 
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Beckers and others (1987) reported that 10 out of 69 samples of imported 

soft cheese were positive for L. monocytogenes.  Each of the soft cheeses was 

made from raw milk and some of the cheese samples contained 106 CFU of L. 

monocytogenes per gram of soft cheese.  Raw milk taken from the Netherlands 

was tested for L. monocytogenes, resulting in 6 out of 137 samples proven to be 

positive for L. monocytogenes.  Milk provides an adequate environment for 

survival and growth even at refrigeration temperatures.  Fleming and others 

(1985) traced an outbreak of listeriosis among 49 people to pasteurized milk.  

The pasteurized milk was from a dairy plant that had received raw milk from a 

group of farms that had an outbreak of listeriosis amongst their dairy cattle at a 

time approximate to the time of the outbreak amongst the 49 infected people.  

Upon inspection of the dairy plant, no evidence of improper pasteurization was 

found, which indicates that large inoculums of L. monocytogenes in milk may 

survive pasteurization. 

Other foods have also been implicated as a source for L. monocytogenes, 

including coleslaw.  Schlech and others (1983) reported that manure from sheep 

infected with L. monocytogenes was used to fertilize soil used to grow cabbage, 

which was eventually used to produce coleslaw.  In the summer of 1981 

numerous listeriosis infections, both perinatal and adult cases, leading to an 

increased attack rate in two different regions of Canada.  Coleslaw from the 

refrigerator of an adult with listeriosis was contaminated with L. monocytogenes 

serotype 4b, the same serotype that they were infected with.  Schleck and others 

(1983), having determined by interviews that each infected person may have 
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eaten contaminated coleslaw, concluded that the increased incidence of 

listeriosis was due to the consumption of coleslaw infected with L. 

monocytogenes.  Vegetables from “biologic agriculture”, those not using artificial 

fertilizers, has been implicated as a potential source for listeriosis (Allerberger 

and Guggenbichler 1989). 

 L. monocytogenes has been isolated from various farm environments.  L. 

monocytogenes has been isolated from dairy feed (silage), soil and dairy cattle.  

The etiology of L. monocytogenes on the farm is unknown, yet a further 

understanding of other sources or reservoirs of L. monocytogenes may provide 

probable sources for continued contamination of the farm. 

L. monocytogenes is thought to be ubiquitous in the environment, being 

able to grow in all environments.  Weis and Seeliger (1975) reported that of 194 

L. monocytogenes strains, 20.3% were found in plant and soil environments, 

especially those from uncultivated fields.  They reported that 27.2% of the L. 

monocytogenes isolates derived from moldy fodder and wildlife feeding grounds, 

with another 33% being isolated from deer and birds.  They noted that faded and 

decayed grass was a direct indicator of the presence of Listeria.  Although Van 

Renterghem and others (1991) had noted problems of L. monocytogenes being 

isolated from inoculated soil after 8 weeks, Weis and Seeliger (1975) found in 

uncultivated fields (with overgrowth) half of all surface soil and one-third of soil at 

10cm depth positive for L. monocytogenes, noting that results were repeatable 

for up to a 6 months.  Weis and Seeliger (1975) did note that the lowest 

prevalence for L. monocytogenes was in land used for current agricultural use.  
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Welshimer (1960) showed L. monocytogenes surviving for greater than 

295 days at no less than log 5 CFU/ml in fertile soil, having only decreases 

approximately 2.5 log CFU/ml from inoculation.  Van Renterghem and others 

(1991) reported that 9 out of 10 L. monocytogenes isolates taken from 82 

environmental samples were from fecal sources (4 from swine and 5 from cattle 

feces).  They also found that L. monocytogenes does not survive more than 8 

weeks, yet was detectable before 6 weeks in inoculated manure or soil samples.  

Despite this finding, 3 of 6 unwashed radishes grown for 3 months in L. 

monocytogenes inoculated soil were positive for L. monocytogenes, where no L. 

monocytogenes isolates were detected form 6 carrots grown in the inoculated 

soil.  One of fifteen ground water samples was positive for L. monocytogenes 

(each 100ml filtered).   

 Arvanitidou and others (1997) reported that five L. monocytogenes 

isolates from 250 surface water samples were isolated.  The isolates were found 

only in rivers (in Northern Greece) (none in the one lake sample) and seemed to 

be only present with less than 2 log CFU/100 ml.  These samples were taken 

during the months of May and June, which may have had an affect upon the 

occurrence of L. monocytogenes in the sample environments.  Six of fifteen 

samples (40%) taken from two rivers in Italy were positive for L. monocytogenes 

during the Spring and Summer of 1993 (Bernagozzi and others 1994).  Thirty 

seven percent of 180 samples taken from lake and canal samples taken in 

September and December of 1981 from a northern province of the Netherlands 

were positive for L. monocytogenes (Dijkstra 1982).   
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Watkins and Sleath (1981) reported isolating L. monocytogenes from river 

water samples with counts ranging from 3 to over 180 CFU/litter.  They also 

reported the enumeration of L. monocytogenes ranging from 700 to over 18000 

CFU/litter of primary tank effluent of sewage treatment works.  Knowing this 

sludge eventually is used to fertilize farms, the authors sampled soil from a farm 

receiving the sludge and reported L. monocytogenes being able to be isolated up 

to 49 days with a heavy treatment of sludge and up to 41 days with a light 

treatment of sludge, each starting with a count of greater than 180 CFU/50g soil.  

Watkins and Sleath (1981) also reported that L. monocytogenes was able to 

survive at least eight weeks in sewage sludge applied to farm land, maintaining a 

2.26 log CFU/100g soil count.  The relationship between sewage sludge 

contamination of surface water and soil is significant for understanding the 

distribution of L. monocytogenes in the environment. 

Dijkstra (1982) reported that 67% of 33 water-effluent samples taken from 

a sewage treatment plant in the Netherlands was positive for L. monocytogenes, 

indicating sewage is a probable source for contamination of L. monocytogenes 

into the environment.  This idea was reinforced by when Dijkstra (1982) also 

reported that 12% of 52 canal water samples which received the treated effluent 

contained L. monocytogenes.  L. monocytogenes was found in 8.3% of the 

dewatered sewage sludge samples (28% solids) from Italy (29 MPN/g) (De Luca 

and others 1998).  Although this is a decrease from the crude primary sludge 

(35.7% positive for L. monocytogenes, with 117 MPN/g) this example provides 
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evidence that “biosolids” (dewatered sewage sludge) distributed into farming soil 

may provide a source of L. monocytogenes to farm animals and crops. 

 River water containing contaminated sewage treatment plant effluent used 

to water farms could be a likely source for contamination, as Combarro and 

others (1997) reported that 44.3% of river water samples (from Spain) were 

positive for L. monocytogenes, with 58.8% of influent and 58.1% of effluent 

sewage samples also being positive for L. monocytogenes (sampled between 

September 1992 and February 1993 for the influent and effluence, with the river 

water being sampled between March 1992 and February 1993).  Less than one 

kilometer before (upstream) a sewage treatment plant there was almost no 

Listeria counts, yet at the sewage treatment plant the Listeria counts increased to 

nearly 1 log MPN/100ml river water and is maintained at 0.5 log MPN/100ml river 

water for 23 kilometers (14.3 miles) (Combarro and others 1997). 

 Decaying vegetative matter has also been shown to be an ideal source for 

Listeria species to survive and even grow.  Silage, being fermented vegetative 

matter is therefore an ideal source for harboring Listeria species, including L. 

monocytogenes. Gray (1960) reported that mice fed “poor” silage were infected 

with L. monocytogenes, which was found in the liver of non-pregnant mice and 

fetuses of pregnant mice.  Arimi and others (1997) reported isolating 6 L. 

monocytogenes isolates from silage, with each exhibiting a distinct ribotype.   

Perry and Donnelly (1990) reported that 10% of corn silage, 28% hay 

silage and 60% grass silage samples from Vermont (USA) contained Listeria 

species.  L. monocytogenes isolates were found in 3 of 13 isolates of corn silage 
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(n=129), 2 of 21 hay silage isolates (n=76), yet was not isolated from 5 grass 

silage samples.  Ryser and others (1997), utilizing the same data as Perry and 

Donnelly, noted that L. monocytogenes was isolated from corn silage with a pH 

of less than 4.00 (ribogroups 19092 and 19193) and between 4.00 and 4.99 

(ribogroup 54183) and from hay silage with a pH between 5.00 and 5.99 

(ribogroups 19071 and 19075).  The ability of L. monocytogenes isolates to 

survive at a pH less than 4.00 is troubling given acidity is a common hurdle for 

growth of foodborne pathogens.  Skovgaard and Morgen (1988) also reported L. 

monocytogenes being isolated from silage at a pH less than 4.5.  They also 

reported L. monocytogenes being isolated from hay, ammonia treated straw and 

debris from beet rinsing. 

 Ultimately, the prevalence of L. monocytogenes on farm environments 

directly impacts animals that are raised for meat production or to produce milk for 

human consumption.   Between 1972 and 1994 0.04% of milk samples taken 

from dairy cattle were positive for L. monocytogenes, with 79% of bovine and 

48% of human isolates being of the same ribogroups (using EcoRI) (Jensen and 

others 1996).  Carlos and others (2001) reported that 13% of 1300 raw dairy 

cattle milk samples taken from southeast of Mexico City, Mexico were positive for 

L. monocytogenes, along with 6% positive for L. ivanovii and 4% positive for L. 

seeligeri.  Jensen and others (1996) reported that milk from dairy cattle that was 

sampled for 23 years exhibited 448 L. monocytogenes positive sample from 

1,132,958 dairy cow’s milk.  This may indicate that infected dairy cattle are 

contaminating the milk via a L. monocytogenes mastitis infection.  Given that milk 
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is contaminated it is logical to consider the cattle as a potential contaminating 

source for the milk. 

Yoshida and others (2000) provided evidence in Japan of various carriers 

of L. monocytogenes amongst mammalian (i.e., Red fox and Sika deer) and 

avian species (i.e., Crow and Green-winged teal).  Sediment samples from a 

California coast exhibited a higher amount of Listeria isolates (27.3%) when 

domesticated animals (ie., cows and horses) were nearby as compared to 

sediment samples that did not have domesticated animals (no isolates and 

16.7%) (Colburn and others 1990). 

Eighteen percent of beef cattle from Rio de Janeiro were shown to be 

infected with L. monocytogenes, as determined by positive isolation from stool 

samples.  The beef cattle were infected with differing numbers of serotypes 

ranging from one to seven different serotypes (Hofer 1983).  Hofer (1983) also 

noted that 9 of the 11 infected beef cattle were in the greater than 5 years of age 

category, which might indicate the significance of age to harboring L. 

monocytogenes.  None of the beef cattle were exhibiting sequellae from a L. 

monocytogenes infection and were considered “normal” and not sick. 

 The feces from 6 out of 73 herds of swine in Denmark during slaughter 

(March and April of 1988) exhibited Listeria species isolates (n=172), three of 

seven being L. monocytogenes.  In contrast to this low percentage minced pork 

(11 of 51 from the same slaughter house) exhibited a higher prevalence, by 

having 6 L. monocytogenes isolates from 51 samples and 26 of the 51 samples 

being positive for L. innocua.  No L. monocytogenes isolates form SPF (specific 
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pathogen free) herds (n=14) were present, showing that the controlled indoor 

environments were effective in preventing environmental contamination by L. 

monocytogenes (Skovgaard and NØrrung, 1989). 

 Animal feed may also provide an additional opportunity for exposure to L. 

monocytogenes.  Skovgaard and Morgen (1988) reported that L. monocytogenes 

was isolated from 6 of 7 dairy farms in fecal and feed samples.  The percentage 

of feed samples tested containing L. monocytogenes isolates ranged between 20 

and 100%. 

 Chicken carcasses have been known to harbor L. monocytogenes, 

including on skin of necks.  Materials (feces) from transport cages for chickens 

have also been found to be positive for L. monocytogenes (Skovgaard and 

Morgen, 1988).  Schuchat and others (1992) noted that eating undercooked 

chicken also increased the risk of listeriosis amongst immunosuppressed 

patients (p=0.02).  Vijayakrishna and others (2000) reported that Listeria species 

(likely, L. monocytogenes) caused a mortality rate of 40% for a broiler chicken 

flock of 700, which also resulted in a 80% morbidity rate and 50% case fatality 

rate. 

 The largest recall of meat products involved turkey products (CDC, 

2002b).  Although turkeys have not been the primary target of environmental 

studies, the possible link of turkey’s introducing L. monocytogenes into a 

processing plant presents a real risk that should be investigated.   

 L. monocytogenes was isolated from 10.75% of 400 minced meat samples 

taken from butcheries in Switzerland, with serotypes 1/2a (n=19), 1/2c (n=12), 4b 



 14

(n=10) and 1/2b (n=2) (Fantelli and Stephan, 2001).  Skovgaard and Morgen 

(1988) noted that the prevalence of L. monocytogenes in minced beef received 

from three different municipal food inspection laboratories in Denmark was 28% 

(19 of 67 samples).   

 The prevalence of L. monocytogenes in domestic households was 

investigated by Beumer and others (1996), who reported finding L. 

monocytogenes isolates in 10.2% of 206 bathroom samples, 5.0% of 522 kitchen 

related samples (dish clothes, kitchen sink and refrigerator).  They also reported 

an L. monocytogenes isolate from a toothbrush (n=47).  Other Listeria species 

besides the 54 total L. monocytogenes isolates were isolated from the 871 

domestic samples (70 L. innocua, 3 L. seeligeri, 2 L. grayi, 2 L. welshimeri, and 1 

L. ivanovii).  The most frequent range quantified from dish-clothes and dish 

washing-up brushes was 3.5 to 4.0 log CFU/object, lending to a great probability 

for contamination of food contact surfaces (Beumer and others, 1996).  Pinner 

and others (1992) found that 64% of refrigerators of listeriosis patients contained 

at least one food specimen with L. monocytogenes.  The three most predominant 

foods exhibiting L. monocytogenes were beef (36%), poultry (31%) and pork 

(27%). 

 Seasonal affects were seen with the isolating of L. monocytogenes from 

dairy cattle milk, with 96 of 151 L. monocytogenes isolates found during the 

Spring (57) and Summer (39), where 55 of 151 L. monocytogenes isolates found 

during the Fall (30) and Winter (25), with this difference being shown to be 

statistically significant (p<0.05) (Carlos and others 2001).  Carlos and others 
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(2001) reasoned that the mild winters in Mexico allow dairy cattle to graze all 

year long, thereby not using contaminated silage.  The Winter exhibiting the 

lowest number of isolates contradicts previous studies (Fernandez-Garayzabal 

and others 1987), which have shown the Winter season being one for increased 

L. monocytogenes isolations.  

Fernandez-Garayzabal and others (1987) reported that raw milk from a 

dairy processing plant in Madrid, Spain exhibited more L. monocytogenes 

isolates from November to March (78.3%) than the warmer months of April until 

October (30.2%).  In support of these findings Rea and others (1992) report a 

rise in the isolation of L. monocytogenes from raw milk samples from 0 to 5% 

during the Spring and Summer to a baseline range of 35 to 37% during the 

Winter.  They also found that higher total aerobic plate counts for the milk 

resulted during the Winter months.  Factors that go beyond simple weather 

patterns must explain these contradicting, yet distinct seasonal patterns, such as 

feed type, housing, history of isolation of L. monocytogenes and climate (i.e., the 

Winter in California is not the same as the Winter in North Carolina).  Colder 

temperatures have also been shown to increase the virulence of L. 

monocytogenes, which may be support for the influence of temperature upon 

increased frequency of listeriosis cases in the Winter (Picard-Bonnaud and 

Carbonnelle, 1989). 

 Human fecal samples taken from 1991-2 in the Bristol, England region 

resulted in 7 Listeria isolates with 4 of the 7 being L. monocytogenes, all of which 

were isolated in the months of June, July, August and September.  In this same 
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time period in Bristol, July to September 1991, 10 of 17 L. monocytogenes 

isolates were found from human feces samples (n=115).  Urban garden soil 

samples in Bristol produced one L. monocytogenes isolate (n=136), which was 

found between December 1991 and January 1992 (MacGowan and others, 

1994).  The identification of various risk factors for contamination and growth of 

L. monocytogenes is needed to help explain seasonal affects. 

Molecular Identification and Characterization 

 There are numerous ways to characterize microorganisms, including 

biochemical, serological and molecular methodologies.  Molecular 

characterization of bacteria has provided not only possible means for 

identification, yet differentiation between strains.  To utilize molecular tools in an 

epidemiological function requires the ability to identify changes to the genome of 

a given microbe.  Two different molecular techniques that provide such 

capabilities are pulse-field gel electrophoresis (PFGE) and RiboPrinting™.  

PFGE of genomic deoxyribonucleic acid (DNA) uses a restriction endonuclease 

to cleave the genome into segments of DNA of various sizes, which are then 

separated based on size in agarose exposed to a polarized charge.  

RiboPrinting™  is slightly different as it focuses only on ribosomal DNA and not 

the entire genome.  Ribosomal DNA is thought to be highly conserved and 

provides a more stable avenue for identification.  RiboPrinting™ may utilize 

various restriction endonucleases (i.e, EcoRI) like PFGE, yet an automated 

procedure created by Dupont’s Qualicon, Inc. enables detection and recognition 

of the electrophoresed ribosomal DNA band pattern for identification of the 
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microbe.  The band pattern is also then available for analysis by the creation of a 

dendrogram, which provides a schematic of the degree of relationship shared 

between various microbial strains. 

  L. monocytogenes strains implicated in clinical listeriosis for three 

different ruminant animals (goats, sheep and cattle) were found to have the same 

ribotypes as those found in silage fed to these animals (with one exception).  

Additional L. monocytogenes isolates with different ribogroups were found in the 

silage, not isolated from the clinical cases, indicating that certain strains were 

potentially more pathogenic for these ruminant animals (Wiedmann and others, 

1996). 

Jaradat and others (2002) noted that L. monocytogenes strains with 96.5 

to 99% genetic similarity, as determined by RiboPrinting™, were found in two 

geographically distinct locations.  In this same study all the L. monocytogenes 

strains were grouped into 4 clusters, with each cluster showing a 92 to 99% 

genetic homogeneity, each containing isolates from human clinical cases and 

food or food manufacturing samples.  Beyond these situation clusters, three 

genetic lineages have been established for L. monocytogenes (Rasmussen and 

others, 1995).  Different types of L. monocytogenes isolates have been seen in 

each lineage group, with less frequent L. monocytogenes isolates from humans 

in lineage group III (1 of 119 isolates) than for animal L. monocytogenes isolates 

(8 of 76 isolates; p=0.003).  More L. monocytogenes isolates from humans have 

been found in lineage I than among animal cases (p<0.001) (Jeffers and others, 

2001).  L. monocytogenes isolated from animals was reported to be found in all 
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three genetic lineages, where human isolates were not found to be represented 

in the third lineage (serovar 4a) (Vazquez-Boland and others 2001). 

Kerouanton and others (1998) reported that PFGE provided the greater 

discriminatory power than RiboPrinting™, and was the greatest of five typing 

methods for distinguishing between L. monocytogenes strains.  They found that 

PFGE discerned 12 patterns with a high discriminatory power (discriminatory 

index (D.I.) = 0.886) and RiboPrinting™ 10 patterns with D.I. of 0.849.  

Kerouanton and others (1998) noted that the combined discrimination power of 

PFGE and RiboPrinting™ increased (D.I.=0.978), which was the highest of all 

paired techniques tested (included serotyping, zymotyping, random amplication 

of polymorphic DNA (RAPD) , PFGE and RiboPrinting™).  RiboPrinting™ was 

unable to distinguish between strains of L. monocytogenes that were of differing 

origin, yet does provide a reliable and automated procedure for the identification 

of microbes, including L. monocytogenes.  Serotyping provided the least 

differentiation between strains of L. monocytogenes. 

 The superiority of PFGE over RiboPrinting™ for distinguishing strains of L. 

monocytogenes was reinforced by Aarnisalo and others (2003) where PFGE 

exhibited a D.I. of 0.966 and ribotyping a D.I. of 0.906.  They also compared 

restriction endonucleases for RiboPrinting™ (EcoRI and PvuII), finding that 

EcoRI exhibited a higher D.I. (0.878) compared to PvuII (D.I.=0.867), even 

though PvuII produced three more ribotypes than EcoRI.  This same pattern was 

observed by Louie and others (1996), with EcoRI producing 16 ribotypes and 

PvuII 23 ribotypes.  Louie and others (1996) also noted that RiboPrinting™ again 
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failed to discriminate between outbreak strains, yet PFGE was able to discern the 

differences.  The disadvantage of PFGE is the time required to get results, lack 

of automation and labor intensiveness of the procedure, where ribotyping is 

highly reproducible, standardized across laboratories and requires minimal labor. 

Risk Assessment and Management 

 Risk assessment seeks to answer three major questions: (1) What is the 

possible “risk” scenario?, (2) How likely is the risk scenario?, (3) What is the 

consequence if the risk scenario occurs? (Morales and McDowell, 1998).  The 

product of the quantification of each of these questions, referred to as the “risk 

triplets”, quantifies the risk.  Integrating the ability to quantify risk within hazard 

analysis critical control points (HACCP) programs enables risk managers the 

ability to connect food safety programs to public health impact (Buchanan and 

Whiting, 1998).  Expanding HACCP to the farm complicates this integration, 

given the great diversity of farm environments and management practices.  

Measurable goals may be based upon the use of quantitative microbial risk 

assessment (QMRA).  Dose-response relationships and pathogen baseline data 

are needed to assist risk managers to make quality decisions about how much 

risk is present concerning a given commodity or food product. 

 HACCP management system applied to the farm provides farms the ability 

to systematically prevent and manage disease on the farm.  As with food 

processing plants, conducting a hazard analysis is needed to determine what 

risks are present for a particular farm environment, which essentially is risk 

assessment.  Knowledge of animal health and physiology is required to 
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determine what potential risks are possible, yet epidemiological studies are 

needed to understand the link between possible hazards (disease) and critical 

control points (disease prevention).  

Identification of risk factors, such as nutrition, climate, hygiene, housing 

conditions and animal management practices, must be integrated with data of 

baseline pathogen levels and infective dose levels for common animal and 

foodborne pathogens.  Risk management entails applying the 2nd through the 6th 

steps of HACCP (identifying critical control points (CCP), setting critical limits, 

establishing monitoring of limits, establishing corrective actions when CCP are 

not controlled and verification procedures) (Noordhuizen and Welpelo, 1996). 

 Risk assessment for listeriosis on the farm or for animals introducing L. 

monocytogenes into the processing plants is needed given the pathogenicity and 

virulence of L. monocytogenes for both humans and farm animals.  Quantification 

of the risk for listeriosis in humans has been initiated by the CDC’s FoodNet 

program (CDC, 2002a).  FoodNet quantifies the number of confirmed listeriosis 

cases in humans in selected states, noting hospitalization rates and death rates.  

The CDC’s PulseNet provides the ability for epidemiological investigation of 

human listeriosis.  PulseNet catalogues the genetic profile of major food bacterial 

pathogens responsible for human listeriosis via PFGE.  Graves and 

Swaminathan (2001) have established a standardized protocol for subtyping L. 

monocytogenes by macrorestriction and PFGE for the PulseNet program. 

 The national distribution of foods lends to the possible spread of L. 

monocytogenes to different geographical regions.  Animals and biological 
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fertilizer are probably distributed regionally, increasing the risk for finding related 

strains (genetically) of L. monocytogenes on the farm.  To understand the 

exposure assessment of L. monocytogenes Rocourt and others (2003) noted that 

prevalence studies of L. monocytogenes in agriculture environments are needed. 

Agricultural Surveillance 

 Van Renterghem and others (1991) noted that cold enrichment for L. 

monocytogenes from environmental samples was unacceptable given a 

recommended one to two month cold enrichment time (4◦C).  They also showed 

that direct inoculation into selective media provided a competitive advantage 

against broths with high contamination of Streptococcus species.  In contrast to 

this Van Renterghem and others (1991) reported that a pre-enrichment provided 

for more sensitive results than direct selective enrichment (without inoculation of 

the Streptococcus species).  It is likely that samples taken from farm 

environments would be contain higher levels of Streptococcus species when 

contrasted with food manufacturing plant samples. 

 The FDA recommends the use of PALCAM (polymixin B, acriflavin, lithium 

chloride, ceftazidime, aesculin, D-mannitol) and modified oxford media (MOX) 

agars (FDA, 2003), where the USDA recommends only MOX as a selective agar 

(USDA, 2002). Capita and others (2001) reported that PALCAM recovered more 

Listeria species and L. monocytogenes isolates than MOX. 

 The FDA also recommends the use of buffered Listeria enrichment broth 

(BLEB) to enrich samples for the recovery of L. monocytogenes (FDA, 2003), 

with sampling of the enrichment at 24h and 48h.  The USDA recommends a two 
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stage enrichment, UVM I for the primary enrichment and Fraser broth for the 

secondary enrichment (USDA, 2002).  The UVM enrichment should be compared 

with BLEB for an one stage enrichment, with sampling at 24h and 48h.   

Purpose of Research 

 The overall objective was to determine the occurrence of Listeria 

monocytogenes in farm environmental samples using classical microbiological 

and to understand the relationship between isolates using molecular tools.  The 

study extends to five state-regions (California, Washington, Tennessee, 

Alabama, North Carolina), four farm animal types (beef cattle, dairy cattle, swine, 

chicken/turkey) and four environmental sample types (soil, feed/grass, 

bedding/feces, animal rectal swabs) being sampled during six consecutive 

seasons (Fall 2002 through Winter 2004).  The first objective for this project is to 

compare the effectiveness of isolation methods, including enrichment and plating 

media and incubation times. The second objective for this project is to compare 

the effectiveness of molecular tools (Pulsed Field Gel Electrophoresis (PFGE) 

and Ribotyping) in differentiating bacterial strains isolated on the farms.  The 

third objective is to develop baseline data on occurrence of L. monocytogenes on 

16 farms containing dairy cows, beef cattle, swine and poultry. 
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Abstract 

Listeria monocytogenes is a dangerous intracellular food borne pathogen, 

especially for immuno-compromised individuals.  Farm based risk assessment 

for this pathogen must be done to determine what factors are associated with 

isolation from the environment and animals.  Optimization of isolation methods 

for L. monocytogenes from animal and farm environments is needed to best 

conduct risk assessment.  Buffered Listeria Enrichment Broth (BLEB) and UVM-I 

should be compared at both 24h and 48h for a one stage enrichment.  In addition 

to enrichment, PALCAM and MOX selective plating media recommended for 

isolating L. monocytogenes from food samples, yet should be compared for 

isolation from farm environments.  Enrichment types and enrichment incubation 

times were not significant for isolating L. monocytogenes, having equivalent odds 

for isolating L. monocytogenes.  Selective plating media was nearly significant 

with a point estimate of 1.569 (95% confidence interval (CI) of 0.9466 to 2.6006) 

(p=0.0806), which when the highest season (third) was analyzed alone the 

significance level dropped (p=0.0584).  The point estimate of the 3rd seasons of 

2.022 (95% CI of 0.9754 to 4.1916) indicated a two-to-one odds that PALCAM 

will isolate L. monocytogenes when compared to MOX. 
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Introduction 

 
The Centers for Disease Control and Prevention (CDC) reported in 2002 

that Listeria monocytogenes had the highest hospitalization rate (86.7% of 

reported cases) and the highest mortality rate (18.0%) for all food-borne 

pathogens tests (CDC 2002a).  L. monocytogenes was responsible for less than 

1% of total infections reported to FoodNet, yet 19 of 51 deaths due to foodborne 

illness were due to infection from L. monocytogenes.  Human listeriosis 

incidence, the new cases amongst humans exhibiting symptoms due to infection 

with L. monocytogenes, has declined over the past 14 years and in 2002 was 

0.26 cases per 100,000 population, near the Healthy People 2010 objective of 

0.25 cases per 100,000 population (CDC 2002a).  Despite these encouraging 

figures, the mortality rate of this foodborne pathogen requires a comprehensive 

study for the prevention of this bacterium’s propagation in the U.S. food chain. 

 Listeria monocytogenes is a facultative anaerobic, gram positive bacterial 

rod.  Listeriosis, the disease resulting from infection from L. monocytogenes, is 

an intracellular infection that makes individuals with weak immune systems most 

susceptible to this disease.  L. monocytogenes is considered ubiquitous in the 

environment and able to grow at refrigeration temperatures.  The prevalence and 

virulence of this microorganism in various food systems has lead to preventative 

action taken by regulators, such as the Food and Drug Administration’s (FDA) 

zero-tolerance for the presence of L. monocytogenes on ready-to-eat meats 

(FDA).  The introduction of L. monocytogenes into meat food systems is cause 
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for the investigation of various animal farm environments for the occurrence of 

this pathogen. 

 L. monocytogenes exhibits several physiological characteristics that 

provide for greater survival on the farm and in food processing plants.  The ability 

of L. monocytogenes to grow at refrigeration temperatures (1˚C) and as high as 

42˚C extends the possible habitats for growth and survival beyond most food 

borne pathogens (Junttila and others, 1988).  L. monocytogenes has been shown 

to exhibit generation times of approximately 43h, 6.6h and 1.1h at 4˚C, 10˚C, 

37˚C, respectively (Barbosa and others, 1994). 

 The ability of L. monocytogenes to tolerate higher osmotic conditions 

(halotrophic) enables it to survive in a greater diversity of environments.  

Normally most mesophilic pathogens require a water activity (aw) ready of 0.93 or 

higher.  L. monocytogenes has been shown to grow below 0.93 and even to 0.9 

in BHI adjusted by glycerol when grown at 30˚C (Farber and others, 1992).  The 

motility of L. monocytogenes via a flagella that is typically, yet not always, 

present and is most active between 24˚C and 30˚C, yet still present at 10˚C and 

37˚C (Galsworthy and others, 1990).   

 Mexican-style soft cheese was implicated as the vehicle for L. 

monocytogenes which caused 142 cases of listeriosis from January 1 until 

August 15 of 1985, leading to 48 deaths (Linnan and others, 1988).  Schlech and 

others (1983) reported that manure from sheep infected with L. monocytogenes 

was used to fertilize soil used to grow cabbage, which was eventually used to 

produce coleslaw.  Weis and Seeliger (1975) reported that of 194 L. 
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monocytogenes strains, 20.3% were found in plant and soil environments, 

especially those from uncultivated fields, which concurs with the conclusion of 

Welshimer (1960), that L. monocytogenes has a saprophytic life.   

Beef cattle have been shown to harbor L. monocytogenes (Hofer 1983).  

Swine have also been shown to carry L. monocytogenes (Skovgaard and 

NØrrung, 1989).  Jensen and others (1996) provided evidence for the dairy cattle 

carrying L. monocytogenes.  Chicken carcasses have been known to harbor L. 

monocytogenes, including on skin of necks.  Materials (feces) from transport 

cages for chickens have also been found to be positive for L. monocytogenes 

(Skovgaard and Morgen, 1988).  The largest recall of meat products involved 

turkey products.  Although turkeys have not been the primary target of 

environmental studies, the possible link of turkey’s introducing L. monocytogenes 

into a processing plant presents a risk that should be examined.  Animal feed 

may also provide an additional opportunity for exposure to L. monocytogenes 

(Skovgaard and Morgen, 1988).   

 Van Renterghem and others (1991) noted that cold enrichment for L. 

monocytogenes from environmental samples was unacceptable given a 

recommended one to two month cold enrichment time (4◦C).  They also showed 

that direct inoculation into selective media provided a competitive advantage 

against broths with high contamination of Streptococcus species.  In contrast to 

this Van Renterghem and others (1991) reported that a pre-enrichment provided 

for more sensitive results than direct selective enrichment (without inoculation of 

the Streptococcus species).  It is likely that samples taken from farm 
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environments would be contain higher levels of Streptococcus species when 

contrasted with food manufacturing plant samples. 

The FDA recommends the use of Buffered Listeria Enrichment Broth 

(BLEB) to enrich samples for the recovery of L. monocytogenes (FDA 2003), with 

sampling of the enrichment at 24h and 48h.  The USDA recommends a two 

stage enrichment, UVM-I for the primary enrichment and Fraser broth for the 

secondary enrichment (USDA 2002).  The UVM enrichment should be compared 

with BLEB for an one stage enrichment, with sampling at 24h and 48h.   

 The FDA recommends the use of PALCAM (Polymixin B, Acriflavin, 

Lithium chloride, Ceftazidime, Aesculin, d-Mannitol) and Modified Oxford Media 

(MOX) agars (FDA 2003), where the USDA recommends only MOX as a 

selective agar (USDA 2002). Capita and others (2001) reported that PALCAM 

recovered more Listeria species and L. monocytogenes isolates than MOX. 

The study extends to five state-regions, four farm animal types and four 

environmental sample types being sampled during 3 consecutive seasons. The 

objective for this project is to compare the effectiveness of isolation methods for 

L. monocytogenes from various farm environments, by comparing enrichment 

broths, enrichment incubation times and plating media.  

Materials and Methods 

Experimental Design 

Environmental samples were collected from four different animal farm 

types located across five different states (Alabama, California, North Carolina, 

Tennessee, Washington).  The farm types consisted of beef cattle, dairy cattle, 
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swine, avian farms (chicken and turkey).  Four sample types were collected from 

each farm type, including two animal rectal swabs for the 1st season and 10 

swabs for the 2nd and 3rd seasons, two soil samples, two bedding/litter/fecal 

samples, and two feed/grass/hay samples from each farm.  Sampling covered 

three seasons, beginning the Fall of 2002 and continuing through Spring of 2004.  

Samples were collected by farmers, following a detailed sampling protocol 

(Appendix V), who then shipped samples overnight to the University of 

Tennessee’s Food Safety Center of Excellence (Knoxville, TN.).  Upon receiving, 

samples were refrigerated until analyzed. 

Farm Sampling 

Twenty five grams of each environmental farm sample was analyzed, 

being removed form a larger sample container and immediate placed within an 

enrichment broth.  All environmental samples were manually stomached in sterile 

filter bags (Labplas, Inc., Québec, Canada) for one minute.  Rectal swabs 

(Becton Dickson™ Culture Swabs™ with Cary-Blair medium (Sparks, MD.)) were 

placed into Universal Preenrichment Broth (Difco™, Beckton Dickson, Sparks, 

MD.), shaken and then refrigerated until sampling occurred, at which point 1 ml 

of broth was removed and transferred into 6 ml of enrichment broth.   

Methods Comparison 

 The first goal for the evaluation of isolation methodologies involved the 

comparison of two enrichment media, BLEB (Oxoid Ltd., Basingstoke, 

Hampshire, England) and UVM-I broth (Difco™, Beckton Dickson, Sparks, MD.) 

for isolation of L. monocytogenes from farm environmental samples.  Enrichment 
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incubation time was also tested, with the one-stage enrichments sampled at 24h 

and 48h of incubation at 30oC.  Lastly, a comparison of selective media was 

done by plating both enrichments on duplicate plates of two different selective 

media, PALCAM (Difco™, Beckton Dickson, Sparks, MD.) and MOX (Difco™, 

Beckton Dickson, Sparks, MD.), which were incubated for 48h at 35oC. 

Biochemical Confirmation 

 Suspect L. monocytogenes isolates were purified on Trypticase Soy Agar 

with 0.6% Yeast Extract (Difco™, Beckton Dickson, Sparks, MD.).  Tumbling 

motility was checked under wet-mount microscopy, followed by a carbohydrate 

fermentation test utilizing 0.5% solutions of mannitol, rhamnose and xylose 

(Difco™, Beckton Dickson, Sparks, MD.).  Upon confirmation of the carbohydrate 

tests, positive isolates were tested for hemolysis on a sheep’s blood agar plates, 

including the CAMP (Christie, Atkins, and Munch-Peterson) test utilizing beta-

lysin disks (Remel, Inc., Lenexa, KS.) (FDA 2003). 

Statistical Analysis 

 Statistical analysis was accomplished via logistical regression (p=0.05) 

using SAS (Cary, NC), with enrichment media (BLEB, UVM), selective plating 

media (PALCAM, MOX) and enrichment time (24h, 48h) as the independent 

variables and the dependent variable being presence or absence of L. 

monocytogenes. 

Results 

 The first three seasons produced 4,928 possible outcomes, out of which 

there were 64 L. monocytogenes isolates.  The potential outcomes were a 
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product of animal farm type, season, sample type, enrichment type, plating 

media type, and enrichment time.  Only 2 sets of animal rectal swabs were 

collected for the first season, this was increased to 10 sets of swabs for the 

second and third season. 

 None of the three independent variables were significant at the preset 

alpha value of 0.05, with enrichment media with a chi-square p value of 0.6149, 

enrichment time with a chi-square p value of 0.8013 and plating media with a chi-

square p value of 0.0806.  Plating media would have been a significant factor 

with an alpha at 0.1.  Odds ratio estimates for PALCAM and MOX produced a 

point estimate of 1.569 and a 95% Wald confidence limits of 0.947 to 2.601.  

Given that this confidence interval contains the 1.0 value, this indicates that there 

is an equal possibility for a positive outcome (presence of L. monocytogenes) 

using either plating media (Table 1).   

When the third season was analyzed alone, which exhibited the greatest 

number of L. monocytogenes isolates (33 of 64), the odds ratio estimates for 

plating media exhibited a point estimate of 2.022, with PALCAM as the reference 

variable and a 95% Wald CI of 0.9754 to 4.1916, while exhibiting a chi-squared p 

value of 0.0584.  The CI contained the value 1.0, therefore the CI contains the 

probability that the odds are equal for getting the same outcome.  For this third 

season (Spring), the point estimate of 2.022 indicates that there is twice the odds 

that a positive outcome (presence of L. monocytogenes) will occur when 

PALCAM agar is used.  PALCAM is nearly statistically significant at a 5% alpha 

value and with a higher occurrence of L. monocytogenes might have been 
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statistically significant, as was the case with season three compared to the first 

two seasons.  Enrichment type and time were both not statistically significant 

(p=0.8606 for both) (Table 2). 

Discussion 

Our results indicate that enrichment broth type was not statistically significant, 

which might explain why various studies (Patel and Beuchat 1995; Lund and 

others 1991) have shown conflicting data concerning the effectiveness of 

enrichment broths (UVM and BLEB) for isolating L. monocytogenes.  Many of the 

comparisons were done using UVM and LEB, yet BLEB is now recommended by 

the FDA given its additional buffering capacity.  For heat injured cells, UVM-I has 

been recommended over LEB for enrichment due to the presence of phosphate 

buffers in UVM-I.  LEB lacked buffering which could lead to fatal decreases in pH 

(Bailey and others 1990b; Ferron and Michard 1993).   

Patel and Beuchat (1995) provided contrary evidence, reported LEB to be 

superior to UVM and Fraser Broth for recovering heat treated L. monocytogenes 

cells.  UVM had been shown to recover L. monocytogenes better than LEB from 

raw milk, yet level of occurrence might have influenced the outcome (Lund and 

others 1991).  Noah and others (1991) showed LEB superior to both UVM and 

BLEB.  LEB has been shown significantly (p<0.05) better for enumerating L. 

monocytogenes from ground beef compared to UVM-I and UVM-II (Yu and Fung 

1991).  Knabel and Theilen (1995) reported LEB superior to UVM under more 

anaerobic conditions (Nitrogen gas flushed tubes and addition of 0.5g/L 

cysteine).  Given the parity of these two enrichment broths, choosing either broth 
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or both broths, as Ryser and others (1996) recommended for ensuring isolation 

of present Listeria monocytogenes from raw refrigerated meat and poultry 

products, is warranted. 

PALCAM exhibited an odds ratio of two to one (95% CI of 0.9754 to 

4.1916) in the 3rd season which means that PALCAM has been shown to be 

more effective than MOX for isolating Listeria species and L. monocytogenes 

when enriched by UVM-I for raw, refrigerated poultry meat (Capita and others 

2001), yet Lund and others (1991) showed Oxford (non-modified) equally as 

effective as PALCAM for isolating L. monocytogenes from raw milk.  The 

presence of mannitol as a differential agent provides an advantage for PALCAM 

over MOX.  This additional advantage was significant for distinguishing L. 

monocytogenes from the diverse microflora found in the environmental samples 

not eliminated by the selective enrichments or plating media. 

 The lack of statistical significance for enrichment time for isolating L. 

monocytogenes agreed with Bailey and others (1990a), who had shown L. 

monocytogenes being equivalently recovered from two stage enrichments and 

48h primary enrichments.  Noah and others (1991) reported that two stage 

enrichments for both BLEB and UVM-I didn’t recover L. monocytogenes in 

seafood as well as compared to a primary enrichment sampled at 48h.   
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Table 1. Media comparison for L. monocytogenes from farm environmental 
samples from September 2002 to May 2003 using logistic regression. 
 

Hypothesis Point Estimate 95% Confidence 
Interval 

Significance 
Level 

BLEB v. UVM-I 0.881 0.537 – 1.444 0.6149 
24h v. 48h 
Enrichment 0.939 0.573 – 1.538 0.8013 

PALCAM v. MOX 1.569 0.947 – 2.601 0.0806 
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Table 2.  Media comparison for L. monocytogenes from farm environmental 
samples from March 2003 to May 2003 using logistic regression. 
 

Hypothesis Point Estimate 95% Confidence 
Interval 

Significance 
Level 

BLEB = UVM-I 0.940 0.472 – 1.872 0.8606 
24h = 48h 

Enrichment 0.940 0.472 – 1.872 0.8606 

PALCAM = MOX 2.022 0.975 – 4.192 0.0584 
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PART III: COMPARISON OF RIBOPRINTING™ AND PULSED-FIELD GEL 
ELECTROPHORESIS TO CHARACTERIZE LISTERIA MONOCYTOGENES TO 
EXAMINE GEOGRAPHICAL RELATIONSHIPS BETWEEN ISOLATES FROM 

VARIOUS ANIMAL FARM ENVIRONMENTS 
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Abstract 

Listeria monocytogenes is a dangerous food borne pathogen, especially for 

immuno-compromised individuals.  Contaminated fully cooked meat products 

present a significant problem for these weakened individuals and a challenge for 

processors of ready to eat meat products.  Risk assessment for L. 

monocytogenes on farm environments is needed to reduce the probability for 

introduction into meat production environments.  Molecular biological tools such 

as automated RiboPrinting™ and pulsed field gel electrophoresis (PFGE) may 

provide insight concerning the source of L. monocytogenes contaminated meat 

producing animals by identifying genetic relationships between contaminated 

animals and sources or carriers on the farm.  Furthermore, identification of 

regional relationships may provide evidence for associated factors leading to 

contamination on the farm environment.  The Simpson’s Index of Diversity for 

RiboPrinting™ of the isolates at 100% similarity was 0.9737, for PFGE with AscI 

0.9684 and PFGE with ApaI 0.9842, indicating a parity amongst the two 

characterization methods.  Clonal (100% similar) isolates were seen amongst 

samples taken from non-regional states and multiple isolates from the same farm 

with differing genetic compositions were isolated, yet no clear regional 

relationships were evident.  Multiple animal contamination of one farm was 

observed, yet no environmental source was identified.  Although both PFGE and 

RiboPrinting™ provide equivalent diversity profiles, significant differences in how 

isolates relate were observed. 

 



 50

Introduction 
 

The Centers for Disease Control and Prevention (CDC) reported in 2001 

that Listeria had the highest hospitalization rate (86.7% of reported cases) and 

the highest mortality rate (18.0%) for all food-borne pathogens tests (CDC, 

2002a).  This alarming trend placed L. monocytogenes as a high priority for 

research and prevention to limit it’s exposure to the U.S. food supply.  

Integrating the ability to quantify risk within hazard analysis critical control 

points (HACCP) programs enables risk managers the ability to connect food 

safety programs to public health impact (Buchanan and Whiting 1998).  The 

CDC’s PulseNet provides the ability for epidemiological investigation of human 

listeriosis.  PulseNet catalogues the genetic profile of major food bacterial 

pathogens responsible for human listeriosis via PFGE.  The application of this 

program to animal isolates of L. monocytogenes is needed to provide a greater 

comprehension of the prevalence of L. monocytogenes on the farm. 

 The national distribution of foods and commercial animal feeds lends to 

the possible spread of L. monocytogenes to different geographical regions.  

Given that animals and biological fertilizer are distributed less nationally and 

probably more regionally, the risk for finding identical strains (genetically) of L. 

monocytogenes on the farm is not high, yet if found would indicate a specific 

relationship. 

 L. monocytogenes has been isolated from a variety of farm environments, 

including dairy feed (silage), soil and dairy cattle (Arimi and others 1997).  Since 

the etiology of L. monocytogenes on the farm is not well known, these data may 
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identify potential sources or reservoirs of L. monocytogenes and may provide 

probable sources for continued contamination of the farm. 

 Animal feed may also provide an additional opportunity for exposure to L. 

monocytogenes.  Skovgaard and Morgen (1988) reported that L. monocytogenes 

was isolated from 6 of 7 dairy farms in fecal and feed samples.  The percentage 

of feed samples tested containing L. monocytogenes isolates ranged between 20 

and 100%. 

 Poultry have also been found to harbor L. monocytogenes.  Chicken 

carcasses have been known to harbor L. monocytogenes, including on skin of 

necks (Skovgaard and Morgen 1988).  The largest recall of meat products 

involved turkey products (CDC 2002b).  Although turkeys have not been the 

primary target of environmental studies, the possible link of turkey’s introducing 

L. monocytogenes into a processing plant presents a real risk that should be 

investigated.   

 Molecular characterization of L. monocytogenes is a powerful tool for 

identification and differentiation between strains.  Two common molecular 

techniques that provide such capabilities are pulse-field gel electrophoresis 

(PFGE) and RiboPrinting™ (Qualicon, Inc., Wilmington, DE).  An example of how 

these tools can be used is when L. monocytogenes strains were implicated in 

clinical listeriosis for three different ruminant animals (goats, sheep and cattle) 

and were found to have the same ribotypes as those found in silage fed to these 

animals (with one exception) (Wiedmann and others 1996).  This indicates the 

power of molecular subtyping. 
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 Jaradat and others (2002) noted that L. monocytogenes strains with 96.5 

to 99% genetic similarity, as determined by RiboPrinting™, were found in two 

geographically distinct locations, indicating a wide spread dispersion of diverse 

strains.  In this same study, the L. monocytogenes strains were grouped into 4 

clusters, with each cluster showing a 92 to 99% genetic homogeneity.  Each of 

these clusters contained isolates from human clinical cases and from food or 

food manufacturing samples, which again indicates a wide dispersion of similar 

isolates in the environment.   

Ultimately, the prevalence of L. monocytogenes on farm environments 

directly impacts animals that are raised for meat production or to produce milk for 

human consumption.   Between 1972 and 1994, 0.04% of milk samples taken 

from dairy cattle were positive for L. monocytogenes.  In addition, 79% of bovine 

and 48% of human isolates were of the same ribogroups (using EcoRI) (Jensen 

and others 1996).  The relationship between the occurrence of L. 

monocytogenes and its impact upon human population through food is of 

significant concern and mandates further investigation. 

 The objective of this research was to compare the effectiveness of two 

molecular tools of genetic characterization (Pulsed Field Gel Electrophoresis 

(PFGE) and Ribotyping™) for differentiating L. monocytogenes strains isolated 

from a variety of farm samples.  Thus the hypothesis is that there is a high 

degree of diversity amongst isolates of L. monocytogenes.  The study extends to 

five state-regions (California, Washington, Tennessee, Alabama, North Carolina), 

four farm animal types (beef cattle, dairy cattle, swine, chicken/turkey) and four 
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environmental sample types (soil, feed/grass, bedding/feces, animal rectal 

swabs) being sampled during six consecutive sampling periods (Fall 2002 

through Winter 2004). 

Materials and Methods 

Comparison of PFGE and RiboPrinting™ 

Twenty L. monocytogenes isolates from 16 beef cattle, dairy cattle, poultry 

and swine farm environments collected over 21 months (September 2002 to May 

2004).  From each farm, various samples were collected, including diverse feed 

types, bedding or litter samples, soil samples and animal rectal swabs.  The 16 

farms were spread out over five states, Alabama, California, North Carolina, 

Tennessee and Washington to provide a diverse geographical representation of 

L. monocytogenes isolates. 

Comparison of the effectiveness of two molecular tools, PFGE and 

Ribotyping (Qualicon, Inc., Wilmington, DE.), was done to determine if 

Ribotyping can provide the same specificity as PFGE for Listeria 

monocytogenes, which is considered the “gold-standard” for molecular 

characterization.  EcoRI was the restrictive endonuclease used for Ribotyping of 

L. monocytogenes (Qualicon, Inc. 1999).  Ribotyping was performed without 

modification according to Qualicon’s published protocol (Qualicon, Inc. 1999).  

Isolates were also electrophoresed according to the PFGE protocol on a CHEF 

Mapper (BioRad Laboratories, Hercules, CA).  Isolated DNA were digested using 

ApaI and AscI (New England Biolabs, Beverly, MA.) as recommended by the 
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current PulseNet protocol from the CDC (Graves and Swaminathan 2001).  The 

new PulseNet standard for PFGE is Salmonella braenderup (ATCC#: BAA-664), 

which was utilized per correspondence with Efrain Ribot, Ph.D., the Chief of the 

PulseNet Methods Development Laboratory. 

Simpson’s index of diversity was calculated to compare the degree of 

diversity measured by each analysis, calculated as follows: [1-D, where D equal 

to the sum of n(n-1) divided by N(N-1), where n is the total number of organisms 

of a particular species, and N is the total number of organisms of all species] 

(Simpson 1949).  The average genetic similarity for each dendrogram was also 

measured to enable cluster analysis.  Dendrograms were created using BioRad's 

Molecular Analyst Software version Fingerprinting plus vs. 1.6, with a 1.5% 

tolerance, 0.5% optimization, UPGMA clustering and dice coefficient. 

Results 

Twenty L. monocytogenes isolates were characterized from the 1420 

samples collected over 21 months.  Table 1 provides the Dupont ID (DID) 

numbers and the respective percent similarities, along with a group number for 

the groups of isolates with similar DID numbers.  A cluster analysis of  EcoRI, 

AscI, and ApaI provided 3 clusters (A-C), five clusters (A-E), and four clusters (A-

D), respectively,  based upon average genetic similarity of DID groups (Figures 

1-3). 

Twenty two isolates were RiboPrinted™ with EcoRI, two of which were 

duplicates, producing nine Dupont ID numbers.  Multiple isolates with the same 

DID occurred, with 14 of 20 isolates occurring in three DID groupings.  Jaradat 
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and others (2002) noted that isolates with a DID percent similarity below 90% are 

probably a newly identified isolate.  Figure 1 is the dendrogram for the EcoRI 

RiboPrinted™ isolates, where at 100% similarity 11 isolate groupings were 

identified for the 20 isolates and 6 isolate groupings at the 90.5% similarity level.  

The following isolates were 100% similar (clonal): 19, 20; 14, 18; 9, 10; 11, 13; 2, 

4, 6; 3, 5, 7, 12.  Given that these isolates are identical according to their 

ribosomal genomics, which are highly conserved, it may be assumed that 

differences exist between isolates at a chromosomal level, which was shown true 

by both PFGE dendrograms.  Four of the six clonal isolate groupings contained 

isolates from the same farm, with three of the four being from the same sampling 

period.   

The AscI and ApaI PFGE analysis only clustered six and three of the 15 

grouped isolates, respectively.  Although most of the isolates were differentiated 

by PFGE, each PFGE derived grouping included another isolate into a grouping 

that RiboPrinting™ did not include.  Both PFGE analyses and RiboPrinting™ with 

EcoRI showed internal reliability given both sets of duplicate samples 

(TN2SSwab1 and TN2DSwab10) were 100% clonal, each stemming from 

separate isolation plating media. 

 RiboPrinting™ with EcoRI and PFGE with ApaI did not consider the third 

season California beef swabs (isolates 2, 3, 4), clonal (100% similar), yet 

reported similarities 91% and 94% respectively.  PFGE with AscI (Fig. 2) showed 

these isolates clonal.  Both PFGE analyses identified isolates 16, 17, 18 as 

clonal, where RiboPrinting™ with EcoRI showed these isolates 94% similar. 
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 The PFGE AscI analysis produced 16 isolate grouping at 100% similarity 

and 15 at 90.5% similarity.  The PFGE ApaI analysis produced 18 clusters at 

100% similarity and 15 groupings at 90.5% similarity.  ApaI is a more frequent 

genomic cutter than AscI for L. monocytogenes, which probably resulted in it 

having more groupings at the 100% similarity level.  The Simpson’s Index of 

Diversity for RiboPrinting™ with EcoRI of the isolates at 100% genetic similarity 

was 0.9316, for PFGE with AscI 0.9684 and PFGE with ApaI 0.9842 and at the 

90.5% genetic similarity level was 0.7737 for RiboPrinting™ with EcoRI, 0.9526 

for PFGE with AscI and 0.9632 for PFGE with ApaI. 

Both RiboPrinting™ with EcoRI and the two PFGE analyses showed 

isolates from different states being 100% similar.  PFGE, with AscI digestion,  

was able to identify the clonal relationship between isolates located on the same 

farm (California Beef cattle, swabs 8, 9 and 10), yet identified clonal isolates from 

three different states (TN, AL, CA), with each from three different animal species 

during three different seasons.   

 Isolates 9 and 10 (Alabama dairy feed samples) were further differentiated 

by PFGE characterization, with 74% and 55% percent similar with AscI and ApaI 

characterization, respectively.  This same observation was made for isolate 19 

and 20 (Washington chicken feed samples), with 79% similarity seen with AscI 

analysis and 97% with ApaI.  Isolates 19 and 20 were from sequential seasons 

from the same farm and sample type and seem to be highly related, unlike 

isolates 6 and 9 (Alabama dairy feed samples) were also from the same farm 

and sample type, yet were not closely related.  Given the differences between 
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samples taken from the same farm in sequential seasons may indicate either a 

high diversity amongst L. monocytogenes on the farm or an environment on 

these farms that are conducive for growth of L. monocytogenes. 

Discussion 

The diversity amongst RiboPrinted™ isolates was moderate, with one 

cluster being only 80% similar.  Similar to this finding, Arimi and others (1997) 

reported isolating 6 L. monocytogenes isolates from silage, with each exhibiting a 

distinct ribotype.  There were more genetic groupings, 11 at 100% similarity, (Fig. 

1) seen with the dendrogram for the RiboPrinted™ isolates than the number of 

DuPont identified isolates (eight), yet fewer groupings at the 90.5% genetic 

similarity level (six).  The dendrograms created were more sensitive to band 

position differences than the RiboPrinter’s® assignment of Dupont ID numbers.  

The six sets of clonal isolates (Fig. 1) from very diverse sources indicate a 

diverse dispersion of related species, which agrees with previous findings that 

very similar strains of L. monocytogenes may be found in different geographical 

regions (Jaradat and others 2002).  The high number of DID groups (eight) 

amongst number of isolates (20) is more diverse than previous findings given 

their higher numbers of isolates (Gendel and Ulaszek 2002; Arimi and others 

1997; Swaminathan and others 1996). 

 The number of isolate groupings for the PFGE and RiboPrint™ analyses, 

especially at the 90.5% similarity level, indicate an overall greater degree of 

differentiation by PFGE analysis with AscI and ApaI compared to EcoRI digestion 

with RiboPrinting™.  The ability of RiboPrinting™ with EcoRI to not group 
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isolates that were grouped by PFGE (clonally) supports the continued use of this 

technique for discerning relationships amongst isolates (Jeffers and others 

2001).  Each analysis provided some differences in how similarity clusters were 

formed, yet the more significant difference was seen between PFGE and 

RiboPrinting™.  The genetic similarity of the PFGE derived clusters ranged 

between 62 and 79% for AscI digestion and 54% and 73% for ApaI digestion. 

The ability of the PFGE and RiboPrinting™ analyses to identify the 

duplicate isolates as clonal indicates these technologies are reliable.  The 

grouping of isolates 16-18 as clonal by both PFGE digestions that were not 

clustered by the RiboPrinter® (isolate 17 being 94% similar to 16 and 18) 

indicates a difference in how these technologies function.  PFGE analysis with 

both restriction enzymes exhibited a greater diversity for the isolates at both the 

100% and 90.5% genetic similarity level, as determined by Simpson’s Index of 

Diversity. 

Similar to this, Kerouanton and others (1998) reported that PFGE provided 

the greater discriminatory power (discriminatory index (D.I.) = 0.886) than 

RiboPrinting™ (D.I. = 0.849) for distinguishing between strains of L. 

monocytogenes.  Kerouanton and others (1998) noted that the combined 

discrimination power of PFGE and RiboPrinting™ increased (D.I. = 0.978).  

RiboPrinting™ was unable to distinguish between strains of L. monocytogenes 

that had different sources, yet does provide a reliable and automated procedure 

for the identification of L. monocytogenes.  The use of a second restriction 
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enzyme (PvuII) could provide additional discrimination, as is the case with the 

use of the PFGE analysis in this analysis (Gendel and Ulaszek 2000). 

  The high degree of diversity seen amongst isolates is consistent with the 

overall diverse nature of the samples analyzed.  The near non-existent clustering 

for the ApaI PFGE analysis provided further evidence of the diverse nature L. 

monocytogenes.  AscI analysis, unlike ApaI, did provide a greater agreement 

with the RiboPrinting™ analysis (DID groups), indicating that AscI may be 

superior for characterizing L. monocytogenes.  The unusual relationship between 

L. monocytogenes isolates from geographically and etiologically distinct sources 

warrants further study.  Both automated RiboPrinting™ and PFGE provided 

evidence that both are effective means for characterizing L. monocytogenes from 

diverse sources. 
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Table 1. Type and frequency of Dupont ID formed clusters amongst 
isolates of L. monocytogenes. 

 
Isolate 

# 
Dupont 

ID 
% 

Similarity 
Dupont ID 
Grouping 

EcoRI 
Cluster

AscI 
Cluster 

ApaI 
Cluster 

1 1061 0.95 1 A A C 
2 1061 0.80 1 A A A 
3 1061 0.87 1 A A A 
4 1061 0.94 1 A A A 
5 1061 0.88 1 A A A 
6 1061 0.87 1 A A B 
7 1061 0.96 1 A A C 
8 14003 0.86 2 B B C 
9 14003 0.95 2 B B D 
10 14003 0.95 2 B B C 
11 1059 0.91 3 B B A 
12 1061 0.94 1 A C B 
13 1059 0.89 3 B C C 
14 1062 0.97 4 C D A 
15 1024 0.93 5 C D A 
16 1042 0.95 6 C D A 
17 1042 0.87 6 C D A 
18 1042 0.93 6 C D A 
19 1039 0.90 7 C E A 
20 1030 0.89 8 C E A 
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FFiigguurree  11..  DDeennddrrooggrraamm  ooff  EEccooRRII  ddiiggeesstteedd  aanndd  ffiinnggeerrpprriinntteedd  iissoollaatteess  ooff  LL..  
mmoonnooccyyttooggeenneess  cchhaarraacctteerriizzeedd  bbyy  aauuttoommaatteedd  RRiibbooPPrriinnttiinngg™™..    NNuummbbeerrss  
iiddeennttiiffyy  eeaacchh  iissoollaattee..    TThhee  ddootttteedd  lliinnee  rreepprreesseennttss  aavveerraaggee  ggeenneettiicc  ssiimmiillaarriittyy  
((9900..55%%))  aammoonnggsstt  aallll  ggrroouuppss  ooff  iissoollaatteess  bbaasseedd  uuppoonn  tthhee  DDuuPPoonntt  iiddeennttiiffiiccaattiioonn  
nnuummbbeerr..    TThhee  bblloocckk  lleetttteerrss  iinnddiiccaattee  tthhee  ggeenneettiicc  cclluusstteerr  tthhee  iissoollaatteess  aarree  
ggrroouuppeedd  iinnttoo  bbaasseedd  oonn  tthhee  ggeenneettiicc  ssiimmiillaarriittyy..  
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FFiigguurree  22..  DDeennddrrooggrraamm  ooff  AAssccII  ddiiggeesstteedd  aanndd  ffiinnggeerrpprriinntteedd  iissoollaatteess  ooff  LLiisstteerriiaa  
mmoonnooccyyttooggeenneess  cchhaarraacctteerriizzeedd  bbyy  ppuullsseedd--ffiieelldd  ggeell  eelleeccttrroopphhoorreessiiss..    NNuummbbeerrss  
iiddeennttiiffyy  eeaacchh  iissoollaattee..    TThhee  ddootttteedd  lliinnee  rreepprreesseennttss  aavveerraaggee  ggeenneettiicc  ssiimmiillaarriittyy  
((9900..55%%))  aammoonnggsstt  aallll  ggrroouuppss  ooff  iissoollaatteess  bbaasseedd  uuppoonn  tthhee  DDuuPPoonntt  iiddeennttiiffiiccaattiioonn  
nnuummbbeerr..    TThhee  bblloocckk  lleetttteerrss  iinnddiiccaattee  tthhee  ggeenneettiicc  cclluusstteerr  tthhee  iissoollaatteess  aarree  
ggrroouuppeedd  iinnttoo  bbaasseedd  oonn  tthhee ggeenneettiicc ssiimmiillaarriittyy..
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FFiigguurree  33..  DDeennddrrooggrraamm  ooff  AAppaaII  ddiiggeesstteedd  aanndd  ffiinnggeerrpprriinntteedd  iissoollaatteess  ooff  LLiisstteerriiaa  
mmoonnooccyyttooggeenneess  cchhaarraacctteerriizzeedd  bbyy  ppuullsseedd--ffiieelldd  ggeell  eelleeccttrroopphhoorreessiiss..    NNuummbbeerrss  
iiddeennttiiffyy  eeaacchh  iissoollaattee..    TThhee  ddootttteedd  lliinnee  rreepprreesseennttss  aavveerraaggee  ggeenneettiicc  ssiimmiillaarriittyy  
((9900..55%%))  aammoonnggsstt  aallll  ggrroouuppss  ooff  iissoollaatteess  bbaasseedd  uuppoonn  tthhee  DDuuPPoonntt  iiddeennttiiffiiccaattiioonn  
nnuummbbeerr..    TThhee  bblloocckk  lleetttteerrss  iinnddiiccaattee  tthhee  ggeenneettiicc  cclluusstteerr  tthhee  iissoollaatteess  aarree  
ggrroouuppeedd  iinnttoo  bbaasseedd  oonn  tthhee  ggeenneettiicc  ssiimmiillaarriittyy..  
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PART IV: A MULTI-STATE SURVEY OF 16 BEEF, DAIRY, POULTRY 
AND SWINE FARMS FOR LISTERIA MONOCYTOGENES 
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Abstract 

Listeria monocytogenes is an intracellular pathogen that poses serious risks for 

immuno-compromised individuals. On the farm risk assessment is needed to 

reduce exposure of such individuals to L. monocytogenes.  Base line 

epidemiological surveys for this pathogen are needed to identify animal and 

ecological reservoirs and sources.  A 21 month (September 2002 to May 2004) 

survey of four animal farm types for L. monocytogenes in five different states was 

conducted to determine the level of occurrence in various environments.  An 

overall occurrence of 1.4% (20/1432 samples) for L. monocytogenes was 

observed in this 21 month survey.  Each sample type (soil, bedding/litter, 

feed/grass and animal rectal swabs) produced at least one isolate of L. 

monocytogenes.  The Winter and Spring of 2003 produced the greatest number 

of isolates (18 of 20 total isolates).  Feed and animal rectal swabs exhibited the 

highest number of isolates, eight and 10, respectively, compared to 

environmental samples. 
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Introduction 

The United States Department of Agriculture’s (USDA) Food Safety and 

Inspection Service (FSIS) is “committed to improving public health through food 

safety.” (FSIS 2004).  One of the major activities of this objective is the use of 

risk assessment to evaluate risks in farm-to-table food safety strategies, as well 

as the evaluation of surveillance programs for the ability to provide accurate 

scientific knowledge for the establishment and improvement of public health 

programs. 

The Centers for Disease Control and Prevention (CDC) reported in 2002 

that Listeria monocytogenes had the highest hospitalization rate (86.7% of 

reported cases) and the highest mortality rate (18.0%) for all food-borne 

pathogens tests (CDC 2002a).  Listeriosis incidence has declined over the past 

14 years and in 2002 was 0.26 cases per 100,000 population, near the Healthy 

People 2010 objective of 0.25 cases per 100,000 population, yet the mortality 

rate of this foodborne pathogen requires a comprehensive study for the 

prevention of this bacterium’s propagation in the U.S. food chain (CDC 2002a). 

 L. monocytogenes exhibits several physiological characteristics that 

provide for greater survival on the farm and in food processing plants.  The ability 

of L. monocytogenes to grow at refrigeration temperatures (1˚C) and as high as 

42˚C extends the possible habitats for growth and survival beyond most food 

borne pathogens (Junttila and others 1988).  Soft cheese, as well as raw and 

pasteurized milk have been shown to be adequate environments for the survival 

and growth of L. monocytogenes (Beckers and others, 1987; Fleming and others 



 71

1985; Linnan and others 1988).  The largest food recall in the USA concerned 

further processed turkey meats, which was due to contamination with L. 

monocytogenes (CDC 2002b). 

Schlech and others (1983) reported that manure from sheep infected with 

L. monocytogenes was used to fertilize soil used to grow cabbage, which was 

eventually used to produce coleslaw that was consumed, resulting in an outbreak 

of human listeriosis.  L. monocytogenes has been isolated from various farm 

environments, including dairy feed (silage), soil and dairy cattle (Arimi and others 

1997).  The etiology of L. monocytogenes on the farm is unknown, yet a further 

understanding of other sources or reservoirs of L. monocytogenes may provide 

probable sources for continued contamination of the farm.  Weis and Seeliger 

(1975) did note that the lowest prevalence for L. monocytogenes was in land 

used for current agricultural use.  

 Silage has been implicated as a reservoir of L. monocytogenes, even 

showing the ability to survive below a pH of 4.00 (Arimi and others 1997).  

Skovgaard and Morgen (1988) reported that L. monocytogenes was isolated 

from 6 of 7 dairy farms in fecal and feed samples.  The percentage of feed 

samples tested containing L. monocytogenes isolates ranged between 20 and 

100%. 

Van Renterghem and others (1991) reported that 9 out of 10 L. 

monocytogenes isolates taken from 82 environmental samples were from fecal 

sources (4 from swine and 5 from cattle feces).  Eighteen percent of beef cattle 

from Rio de Janeiro were shown to be infected with L. monocytogenes, as 
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determined by positive isolation from stool samples (Hofer 1983).  Hofer (1983) 

also noted that 9 of the 11 infected beef cattle were in the greater than 5 years of 

age category, which might indicate the significance of age to harboring L. 

monocytogenes. 

 The feces from 6 out of 73 herds of swine in Denmark collected during 

slaughter (March and April of 1988) exhibited Listeria isolates (n=172), three of 

seven being L. monocytogenes (Skovgaard and NØrrung 1989).  Chicken 

carcasses have been known to harbor L. monocytogenes, including on skin of 

necks.  Materials (feces) from transport cages for chickens have also been found 

to be positive for L. monocytogenes (Skovgaard and Morgen 1988). 

 The overall objective of this research project is to determine the 

occurrence of L. monocytogenes in environmental samples from 16 farms using 

classical microbiological and molecular tools to facilitate risk assessment. 

Materials and Methods 

Sample collection 

Samples were collected from four different animal farm types located 

across five different states (Alabama, California, North Carolina, Tennessee, and 

Washington) from September of 2002 until May of 2004 (6 seasons) for a total of 

16 farms (not all states contained all animal farm types).  The farm types 

consisted of beef cattle, dairy cattle, swine, and chicken/turkey farms.  Four 

sample types were collected from each farm type, including four animal rectal 

swabs for the 1st season and twenty for the 2nd through 6th seasons (combined to 

analyze in pairs), two soil samples, two bedding/litter/fecal samples, and two 
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feed/grass/hay samples from each farm.  Samples were collected by trained 

farmers (Appendix IV) who then shipped samples overnight to The University of 

Tennessee’s Food Safety Center of Excellence (Knoxville, TN.).  Upon receiving, 

samples were refrigerated until analyzed. 

Isolation and Confirmation of L. monocytogenes 

Twenty five grams of each environmental farm sample was analyzed, 

being removed from a larger sample container and immediate placed within an 

enrichment broth.  Rectal swabs (Becton Dickson™ Culture Swabs™ with Cary-

Blair medium (Sparks, MD.)) were placed into Universal Preenrichment Broth 

(Difco™, Beckton Dickson, Sparks, MD.), shaken and then refrigerated until 

sampling occurred, at which point 1 ml of broth was removed from each of 

combined samples and placed into 6 ml of enrichment broth.  All environmental 

samples were manually stomached in sterile filter bags (Labplas, Inc., Québec, 

Canada) for one minute and incubated at 30˚C for 24h or 48h. 

Samples were enriched in Buffered Listeria Enrichment Broth ((BLEB), 

Oxoid Ltd., Basingstoke, Hampshire, England) for the recovery of L. 

monocytogenes (FDA 2003).  PALCAM agar (Polymixin B, Acriflavin, Lithium 

chloride, Ceftazidime, Aesculin, d-Mannitol) (Difco™, Beckton Dickson, Sparks, 

MD.) was used for isolating L. monocytogenes from the enrichment broth, 

incubated at 35˚C for 24 to 48h (FDA 2003).  Several suspected colonies were 

selected and re-streaked onto Trypticase Soy Agar with 0.6% Yeast Extract 

((TSAYE), Difco™, Beckton Dickson, Sparks, MD.) for purification and incubated 

at 30˚C for 24 to 48h.  Motility was observed using a phase-contrast microscope 
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to ensure tumbling motility was present.  Biochemical testing for identification 

was done using fermentation of rhamnose, mannitol and xylose (Difco™, 

Beckton Dickson, Sparks, MD.) and hemolysis testing using sheep’s blood agar 

plates (TSAYE with 5% blood), using the CAMP (Christie, Atkins, and Munch-

Peterson) test utilizing beta-lysin disks (Remel, Inc., Lenexa, KS.) (FDA, 2003). 

Aerobic Plate Count 

 Aerobic plate count (APC) was prepared according to Feldsine and others 

(2003) using SimPlate® (Biocontrol, Bellevue, WA).  Fecal swabs were diluted in 

10ml of lactose broth.  All other samples (25g) were diluted with 225ml 0.1% 

peptone water (w/v) and ten-fold dilutions were utilized to gain countable range 

for plating.  Samples were plated on SimPlates® and mixed with provided 

indicator solution, which were incubated at 35◦C for 24h.  Color changes in wells 

indicated a positive, which were counted.  Most probable number (MPN) of 

organism were counted by counting number of positive wells and calculating to 

gain CFU/ml using a provided conversion table (Biocontrol, Bellevue, WA.), 

which was multiplied by the dilution being considered. 

Total Coliforms/Escherichia coli 

 Total coliforms (TC) and E. coli (EC) populations were enumerated using 

SimPlates® as was done with APC, yet followed instructions provided by the 

manufacturer for TC and EC (Biocontrol, Bellevue, WA.).  SimPlates® were 

incubated at 35◦C for 24h.  TC was determined by counting total wells with color 

change and EC by observing fluorescing wells as seen under UV light.  The total 

MPN for TC and EC was calculated using the number of positive wells with a 
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provided conversion chart (Biocontrol, Bellevue, WA.), multiplied by the dilution 

used for the reading. 

Fecal Streptococcus 

 Fecal Streptococcus were counted as described by Downes and Ito 

(2001).  Fecal swabs were diluted in 10ml lactose broth, yet further dilutions were 

carried out in 0.1% peptone water.  All other samples (25g) were diluted initially 

with 225ml 0.1% peptone water and diluted further with 9ml tubes of 0.1% 

peptone water (decimal dilutions).  Pour plates with KF Streptococcus Agar were 

utilized to gain plate counts after incubation at 35◦C for 48h. 

Results 

L. monocytogenes was isolated twenty times out of 1432 samples or 1.4% 

over 21 months.  This percentage of positive samples was significantly lower 

than other studies (Table 1).  A visual representation of the distribution of L. 

monocytogenes across the five states during the 21 month survey is presented in 

Figure 1. 

 The range of occurrences of L. monocytogenes isolates was 0.35 to 

2.84%, with North Carolina exhibiting the lowest (0.35%) and Alabama the 

highest isolation percentage (2.84%).  Given the low number of isolates for the 

overall project, there does not seem to be a correlation between occurrence L. 

monocytogenes and geography (states) (Figure 1). 

 The occurrence of L. monocytogenes among animal farms was highest 

among dairy farms (2.27%), followed by beef (1.27%), avian (1.09%) and swine 

farms (0.55%) (Table 1).  Concerning samples types, 4.17% of feed samples 
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(isolated only from dairy and chicken feed), 1.09% of animal rectal swabs, 0.52% 

of soil samples, and 0.52% of bedding samples contained L. monocytogenes.   

The highest number of L. monocytogenes isolates, 9 isolates per season, 

the Winter of 2003 and Spring of 2003 (seasons 3 and 4) (Fig. 2).  Tables 2 to 5 

provide the distribution of L. monocytogenes per sample types per animal farm 

type in each state over the six seasons surveyed.   

Tables 6 to 9 provide background bacterial counts for the samples 

collected, which are the normative bacterial types present in these types of 

samples.  Aerobic plate counts (APC), total coliform (TC), Escherichia coli counts 

(EC) and fecal Streptococci (FS) are reported, along with the number of positive 

L. monocytogenes isolates for samples tested. 

Discussion 

 Skovgaard and NØrrung (1988) reported that 1.7% of swine feces were 

positive for L. monocytogenes and Van Renterghem and others (1991) reported 

16% of swine feces being positive.  Although no feces samples were positive for 

L. monocytogenes, the 0.55% frequency of isolation of swine farm environmental 

samples in this study is not far different that the 1.7% occurrence seen in 

Denmark.  They also reported 6 occurrences of L. monocytogenes from 51 

minced pork samples (11.8%) in Denmark, leading the authors to conclude that 

fecal contamination may be a significant source for L. monocytogenes.  In this 

study both L. monocytogenes isolates were from rectal swabs, which may also 

relate to a higher risk for contaminating swine meat during slaughter.  

Contamination from other environmental samples was not observed in this study 
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for swine farms, yet the contamination of swine at the Tennessee (Winter 2003) 

and California (Spring 203) farms must have a source, which may be from an 

earlier contamination source, which was removed before sampling and the 

animal was a carrier.  There is a possibility that a contaminated environmental 

source was present, yet had a low enough prevalence that our sampling did not 

detect it. 

 Dairy cattle farms exhibited the highest occurrence during this study 

(2.27%).  Jensen and others (1996) reported a mean of 0.04% of dairy cows 

infected with L. monocytogenes and a 1.2% mean for herds containing an 

infected cow, where Perry and Donnelly (1990) found 2.9% of silage samples 

positive for L. monocytogenes.  Although this study examined milk samples and 

not rectal or farm environmental samples, milk sampling from each dairy cow 

was used to infer bovine mastitis from L. monocytogenes.  The majority of L. 

monocytogenes isolates found on dairy cattle farms were from feed sources, 

which for dairy cattle were farm made silage or TMR (Total Mixed Ration).  Arimi 

and others (1997) reported silage samples having the same ribotype as those 

found in dairy cattle and dairy processing environments, indicating a possible 

relationship between silage being consumed, contamination of dairy cattle and 

contamination of milk, which possibly lead to contamination of the dairy 

processing environments. 

 Beef cattle feces have been shown to harbor L. monocytogenes, even as 

high as 20% (Van Renterghem and others 1991).  Beef cattle feces were not 

positive for L. monocytogenes, yet the majority of isolates from this study were 
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from rectal swab samples.  This indicates that beef cattle feces are not a suitable 

environment for the survival of L. monocytogenes.  The only other isolate came 

from an Alabama feed-grass sample. 

 There was one occurrence of L. monocytogenes found on poultry rectal 

swabs (Washington, Winter 2003).  This isolate was not closely related to the 

poultry feed samples found on this same farm during Winter of 2003 or Spring of 

2003, ranging from 45 to 76% similarity on dendrograms produced with 

automated RiboPrinting™ (EcoRI) and pulsed field gel electrophoresis (PFGE) 

with two different restriction endonucleases (ApaI and AscI).  Poultry feces have 

been shown to harbor L. monocytogenes (Skovgaard and Morgen 1988).  These 

authors provided further evidence of poultry contaminated with L. 

monocytogenes from slaughterhouse sampling of chicken neck skins and 

transport cages in Denmark.  

 The poultry feed samples were commercial and pelletized.  The 

Washington poultry farm feed samples found positive in Winter and Spring of 

2003 were closely related, ranging from 78% similarity (AscI) to 97% similarity 

(AscI), indicating these isolates are likely related.  Pelletized feed has been of 

concern for contamination with Salmonella species, yet should also extend to 

contamination with L. monocytogenes.  Poultry litter was not shown to contain L. 

monocytogenes and for the first three seasons rhamnose positive L. innocua was 

not isolated either. 

Soil from a North Carolina poultry farm produced an isolate of L. 

monocytogenes.  This was the only soil sample that was positive for L. 
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monocytogenes in this survey.  Weis and Seeliger (1975) observed soil from 

various environments being a sufficient environment for L. monocytogenes, yet 

the low frequency of isolation may indicate this is not a primary source for L. 

monocytogenes.  Given raw (uncooked) poultry has been shown to harbor L. 

monocytogenes, the risk of finding L. monocytogenes on processed poultry may 

be increased due to it’s presence in environmental sources on the farm (Tiwari 

and Aldenrath 1990). 

 The Winter and Spring of 2003 produced 18 of 20 isolates, 9 in each 

season.  This agrees with Fernandez-Garayzabal and others (1987), in that the 

colder seasons provided a more conducive environment for growth.  L. 

monocytogenes has been shown to have a minimum growth temperature of +1.1 

+ 0.3◦C., which was 0.6◦C lower than non-pathogenic strains of Listeria.  A 

decrease in growth of L. monocytogenes was seen at 2.9 + 0.4◦C (Junttila and 

others 1988).   

Table 2 to 5 provide a visual representation of the seasonal distribution of 

L. monocytogenes for the four animal farm types observed in four different 

states.  Winter 2003 was the only season that observed multiple sample types 

being positive for L. monocytogenes on the same farm, which occurred twice.  

The Winter of 2004 did not produce any isolates, unlike the previous Winter.  

Surveys of the farmers who participated in this survey of L. monocytogenes are 

being conducted to help determine changes that might have occurred during 

sampling that could have lead to this result. 
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Season influences the isolation of L. monocytogenes, yet contradicting 

results indicate climate is only an associated factor and is not the cause of the 

isolation event. In Mexico, L. monocytogenes was isolated from raw dairy cattle 

milk significantly more often during the Spring and Summer than the Fall and 

Winter (p<0.05) (Carlos and others 2001).  This indicates that the season is not 

as important as the climate of the location throughout the year.  Fernandez-

Garayzabal and others (1987) reported more L. monocytogenes isolates from 

raw milk from November to March (78.3%) than the warmer months of April until 

October (30.2%) in Spain.  Rea and others (1992) report a rise in the isolation of 

L. monocytogenes from raw milk samples from 0 to 5% during the Spring and 

Summer to a baseline range of 35 to 37% during the Winter in Ireland.  These 

results reinforce the belief that colder temperatures provide a favorable 

environment for growth of L. monocytogenes. 

 Tables 6 through 9 provide the background bacterial ecology in the 

samples collected.  Table 6 indicated that a feed sample positive for L. 

monocytogenes from the beef cattle farm exhibited higher APC, TC and FS than 

those samples not positive for L. monocytogenes from other states.  Conversely, 

dairy bedding samples in Washington, which contained a positive isolate of L. 

monocytogenes, exhibited a lower APC than the other states.  Poultry rectal 

swabs from North Carolina and Washington, which contained L. monocytogenes, 

exhibited a higher EC count than those from Tennessee by at least one log.  

These are possible indicators for increased risk of harboring L. monocytogenes. 
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 The identification of various risk factors may provide direction for reducing 

the probability of the risk of the presence of L. monocytogenes.  Sanaa and 

others (1993) assessed suspected risk factors on dairy farms, determining that 

poor quality silage, poor hygiene and improper disinfection of towels between 

milking are amongst some of the risks associated with the presence of L. 

monocytogenes.  On the farm risk assessment has served to increase 

knowledge of microbial risks associated with fresh produce for growers and 

improved on the farm practices (Powell and others, 2002).  The integration of 

hazard analysis critical control point (HACCP) and quantitative microbial risk 

assessment on the farm could lead to a more effective risk management plan for 

the reduction of the introduction of L. monocytogenes into food producing 

animals and their food processing environments (Buchanan and Whiting 1998).  

Incorporating economic analysis may also provide a realistic approach to risk 

assessment on the farm, emphasizing a prioritization for what steps the farmer 

could afford (Morales and McDowell 1998).  Blaha (1999) recommends the use 

of epidemiological data collection methods, processing and analysis to assist in 

on-farm pathogen control and on-farm residue avoidance programs and 

implementation of HACCP. 

 Integrating the ability to quantify risk within hazard analysis critical control 

points (HACCP) programs enables risk managers the ability to connect food 

safety programs to public health impact (Buchanan and Whiting 1998).  Dose-

response relationships and pathogen baseline data are needed to develop risk 

assessments concerning L. monocytogenes on the farm.  Baseline date provides 
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the normative level for L. monocytogenes in the environment, which enables 

future survey a baseline to compare against.  Dose-response relationships 

provide a risk level for those animals that are exposed to L. monocytogenes.  

Identification of risk factors, such as nutrition, climate, hygiene, housing 

conditions and animal management practices, must be integrated with data of 

baseline pathogen prevalence for common animal and foodborne pathogens 

(Noordhuizen and Welpelo 1996). 
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Table 1. The occurrence of isolation of L. monocytogenes per animal and sample 
type in five states from September 2002 to May 2004. 
 

 TN NC AL CA WA 
#isolates/ 
#samples 

(% isolates) 
Beef 0/88 N/A 2/88 4/88 0/88 6/352 (1.7%) 
Soil 0/12 N/A 0/12 0/12 0/12  

Bedding 0/12 N/A 0/12 0/12 0/12  
Grass 0/12 N/A 1/12 0/12 0/12  

Animal Rectal 
Swabs 0/52 N/A 1/52 4/52 0/52  

Dairy 3/88 N/A 3/88 1/88 1/88 8/352 (2.27%) 
Soil 0/12 N/A 0/12 0/12 0/12  

Bedding  0/12 N/A 0/12 0/12 1/12  
Feed 2/12 N/A 3/12 0/12 0/12  

Animal Rectal 
Swabs 1/52 N/A 0/52 1/52 0/52  

Avian† 0/88 1/192 N/A N/A 3/88 4/368 (1.09%) 
Soil 0/12 1/24 N/A N/A 0/12  

Litter 0/12 0/24 N/A N/A 0/12  
Feed 0/12 0/24 N/A N/A 2/12  

Animal Rectal 
Swabs 0/52 0/120 N/A N/A 1/52  

Swine 1/88 0/96 N/A 1/88 0/88 2/360 (0.55%) 
Soil 0/12 0/12 N/A 0/12 0/12  

Feces 0/12 0/12 N/A 0/12 0/12  
Feed 0/12 0/12 N/A 0/12 0/12  

Animal Rectal 
Swabs 1/52 0/60 N/A 1/52 0/52  

#isolates/ 
#samples 

(% isolates) 
4/352  

(1.14%) 
1/288  

(0.35%) 
5/176 

 (2.84%) 
6/264  

(2.27%) 
4/352 

(1.14%) 20/1432 (1.40%) 

† Avian: North Carolina includes Turkey along with Chicken samples. 
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Figure 1. Distribution of L. monocytogenes across five states during 21 months 
 
 
 
 
 
 
 
 

  0-0.99%;     1.00-1.99%;        2.00-2.99%;       3.00-3.99%;       4.00-4.99% 
 

B = Beef cattle; D = Dairy cattle; C = Chicken; S = Swine 
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Figure 2. Number of L. monocytogenes isolates over 21 months in five states 
amongst four animal farm types. 
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Table 2. Seasonal distribution of L. monocytogenes by sample type for beef 
cattle farms over six seasons in four states. 
 

Beef 
Cattle 

Fall 2002 Winter 
2003 

Spring 
2003 

Summer 
2003 

Fall 2003 Winter 
2004 

TN - - - - - - 
AL - + + - - - 
CA - - + - - - 
WA - - - - - - 

(+) one sample type positive; (+ +) two sample types positive. 
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Table 3. Seasonal distribution of L. monocytogenes by sample type for dairy 
cattle farms over six seasons in four states. 
 

Dairy 
Cattle 

Fall 2002 Winter 
2003 

Spring 
2003 

Summer 
2003 

Fall 2003 Winter 
2004 

TN + + + - - - - 
AL - + + - - - 
CA - + - - - - 
WA - + - - - - 

(+) one sample type positive; (+ +) two sample types positive. 
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Table 4. Seasonal distribution of L. monocytogenes by sample type for chicken 
and turkey farms over six seasons in four states. 

 
Avian Fall 2002 Winter 

2003 
Spring 
2003 

Summer 
2003 

Fall 2003 Winter 
2004 

TN - - - - - - 
NC - - - - + - 
CA - - - - - - 
WA - + + + - - - 

(+) one sample type positive; (+ +) two sample types positive. 
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Table 5. Seasonal distribution of L. monocytogenes by sample type for swine 
farms over six seasons in four states. 
 

Swine Fall 2002 Winter 
2003 

Spring 
2003 

Summer 
2003 

Fall 2003 Winter 
2004 

TN - + - - - - 
NC - - - - - - 
CA - - + - - - 
WA - - - - - - 

(+) one sample type positive; (+ +) two sample types positive. 
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Table 6. Comparison of isolation of L. monocytogenes and background 
microflora in beef cattle farm samples from September 2002 to May 2004. 
 
Sample 
Types Tests Log CFU/g or Log CFU/swab 

  TN AL CA WA 
 APC 7.1 8.2 7.8 7.8 
 Total coliform 5.9 8.1 6.5 5.3 

Bedding E. coli 4.8 8.1 6.5 5.3 
 Fecal Streptococcus 4.7 7.0 4.5 7.5 
 # L. monocytogenes† 0 0 0 0 
 APC 6.7 7.6 7.5 8.3 
 Total coliform 5.5 6.3 4.2 5.4 

Soil E. coli 4.6 6.2 3.0 4.7 
 Fecal Streptococcus 3.5 4.8 6.8 3.2 
 # L. monocytogenes† 0 0 0 0 
 APC 10.0 9.9 9.8 10.1 
 Total coliform 9.2 9.6 9.5 9.7 

Rectal Swab E. coli 8.9 9.4 9.1 9.6 
 Fecal Streptococcus 7.8 8.0 7.2 7.9 
 # L. monocytogenes† 0 1/52 4/52 0 
 APC 8.3 9.0 6.8 6.7 
 Total coliform 6.6 8.0 5.3 5.9 

Feed E. coli 5.5 5.7 3.1 4.5 
 Fecal Streptococcus 5.8 6.9 4.7 5.6 
 # L. monocytogenes† 0 1/12 0 0 

†L. monocytogenes is reported as # positive isolations/# samples tested. 
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Table 7. Comparison of isolation of L. monocytogenes and background 
microflora in dairy cattle farm samples from September 2002 to May 2004. 
 
Sample 
Types Tests Log CFU/g or Log CFU/swab 

  TN AL CA WA 
 APC 8.0 9.0 8.6 7.7 
 Total coliform 6.3 7.2 7.9 7.4 

Bedding E. coli 5.4 6.7 6.7 6.3 
 Fecal Streptococcus 5.2 7.0 7.3 6.5 
 # L. monocytogenes† 0 0 0 1/12 
 APC 7.0 8.9 7.3 6.8 
 Total coliform 4.9 6.6 6.9 3.8 

Soil E. coli 4.1 6.4 5.1 3.6 
 Fecal Streptococcus 3.8 4.3 5.0 6.4 
 # L. monocytogenes† 0 0 0 0 
 APC 10.3 9.9 9.9 9.5 
 Total coliform 9.4 9.2 9.3 8.8 

Rectal Swab E. coli 8.8 9.6 8.8 8.6 
 Fecal Streptococcus 7.6 7.7 8.2 7.8 
 # L. monocytogenes† 1/52 0 1/52 0 
 APC 6.9 8.1 7.8 6.4 
 Total coliform 4.6 7.1 5.7 4.8 

Feed E. coli 3.3 3.5 2.8 2.9 
 Fecal Streptococcus 3.8 6.6 6.4 5.3 
 # L. monocytogenes† 2/12 3/12 0 0 

† L. monocytogenes is reported as # positive isolations/# samples tested. 
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Table 8. Comparison of isolation of L. monocytogenes and background 
microflora in chicken and turkey farm samples from September 2002 to May 
2004. 
 

Sample 
Types Tests Log CFU/g or Log CFU/swab 

  TN NC†† WA 
 APC 7.2 8.0 7.5 
 Total coliform 4.8 6.5 5.0 

Bedding E. coli 4.0 6.0 3.9 
 Fecal Streptococcus 5.6 6.8 6.1 
 # L. monocytogenes† 0 0 0 
 APC 6.3 6.5 6.3 
 Total coliform 3.5 4.0 4.1 

Soil E. coli 2.1 2.7 2.7 
 Fecal Streptococcus 2.4 3.1 3.6 
 # L. monocytogenes† 0 0 0 
 APC 9.4 9.3 9.8 
 Total coliform 8.7 8.4 9.1 

Rectal Swab E. coli 6.9 7.9 8.5 
 Fecal Streptococcus 7.3 7.2 7.3 
 # L. monocytogenes† 0 1/104 1/52 
 APC 4.9 5.7 5.8 
 Total coliform 3.0 3.2 3.5 

Feed E. coli 1.3 2.5 1.8 
 Fecal Streptococcus 3.3 3.5 3.3 
 # L. monocytogenes† 0 0 2/12 

† L. monocytogenes is reported as # positive isolations/# samples tested. 
††Contains data for Chicken and Poultry samples 
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Table 9. Comparison of isolation of L. monocytogenes and background 
microflora in swine† farm samples from September 2002 to May 2004. 
 
Sample 
Types Tests Log CFU/g or Log CFU/swab 

  TN NC CA WA 
 APC 7.2 9.5 8.9 8.4 
 Total coliform 3.9 7.6 8.6 7.0 

Feces E. coli 3.8 7.1 8.5 6.1 
 Fecal Streptococcus 5.1 6.9 6.9 7.0 

 # L. monocytogenes† 0 0 0 0 
 APC 6.3 7.4 7.9 6.6 
 Total coliform 3.7 5.2 6.1 4.6 

Soil E. coli 2.1 5.1 5.3 6.7 
 Fecal Streptococcus 2.8 4.7 6.6 4.5 
 # L. monocytogenes† 0 0 0 0 
 APC 9.2 9.5 9.6 10.0 
 Total coliform 8.9 9.2 9.5 9.6 

Rectal Swab E. coli 7.8 9.2 9.3 8.8 
 Fecal Streptococcus 7.3 7.0 7.2 6.5 
 # L. monocytogenes† 1/52 0 1/52 0 
 APC 4.9 5.0 5.6 5.5 
 Total coliform 3.8 4.1 4.6 4.1 

Feed E. coli 1.0 1.0 2.5 3.9 
 Fecal Streptococcus 3.6 4.4 4.9 3.3 
 # L. monocytogenes† 0 0 0 0 

† L. monocytogenes is reported as # positive isolations/# samples tested. 
 
 
 
 
 
 
 
 
 
 
 

 
 
 



 99

 
 

Appendix V: Farmer Sampling Protocol 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 100

 
Beef Farms: 
 

It is time for the final sample collection.  We are in the process of 
analyzing the data collection and intend on providing the final report at the end of 
this year.  Thank you for your participation in this project.  The sample types are 
the same as last time, and are listed below.  As a reminder, the animals to be 
swabbed should be randomly selected.  We would still like diverse soil samples 
from around the farm.  We leave the sample choices to your discretion.  If you 
have any questions, let me know. 
 
Samples 

 
1. 20 rectal swabs from 20 different cows (label C 1-20) 

 
2. Two Ziploc bags of grass clippings from the cattle’s grazing area 

 
3. One soil sample from the grazing area. 

 
4. One soil sample from any other location on the farm  

 
5. Two soil samples from the animals resting or watering area. 

 
Remember to record the GPS location for each sample collected (except 

the swabs).  Place the samples, trowel, and GPS unit back into the kit and its 
ready to be sent back by FedEx.  If you need anything, please call.  Harry 
Richards 
 
 
Dairy Farms: 
 
 It is time for the final sample collection.  We are in the process of 
analyzing the data collection and intend on providing the final report at the end of 
this year.  Thank you for your participation in this project.  The sample types are 
the same as last time, and are listed below.  As a reminder, the animals to be 
swabbed should be randomly selected.  We would still like diverse soil samples 
from around the farm.  We leave the sample choices to your discretion.  If you 
have any questions, let me know. 
 
Samples 

 
1. 20 rectal swabs from 20 different cows (label D 1-20) 
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2. One fresh feed sample and one trough feed sample (Large containers). 
 

3. Two separate soil samples from different areas of the farm (at least 100’ 
apart).  Use the trowel provided and wash it between sample collections.    

 
4. Fill two Ziploc bags of bedding material from the holding area floor.  Take 

the samples from different locations within the holding area. 
 
 

Remember to record the GPS location for each sample collected (except 
the swabs).  Place the samples, trowel, and GPS unit back into the kit and its 
ready to be sent back by FedEx.  If you need anything, please call. Harry 
Richards 
 
 
Swine Farms: 
  

It is sample collection time again.  The sample types are the same as last 
time, and are listed below.  We are still looking for diverse samples; we leave it at 
your discretion.  If you have any questions, let me know.  
 
Samples 

 
1. 20 rectal swabs from 20 different swine. (label S 1-20)  

 
2. One fresh feed sample and one trough feed sample (fill the containers 

provided). 
 

3. Two separate soil samples from different areas of the swine farm (at least 
30’ apart).  Use the trowel provided and wash it between sample 
collections.  

 
4. Fill the two containers provided with material from the swine holding pen 

floor.  If possible, collect the samples from different sides of the holding 
pen. (large containers) 

 
 

Remember to record the GPS location for each sample collected (except 
the swabs… only one number for the swine and cattle will be sufficient for all of 
them).  Place the samples, trowel, and GPS unit back into the kit and its ready to 
be sent back by FedEx.  If you need anything, please call.  Thanks again. Harry 
Richards 
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Poultry Farms: 
 
 Here is the sampling kit for the USDA risk assessment project.  There are 
four types of samples that we require.  We need 20 rectal swabs from twenty 
different chickens.  Do not worry about marking the animals because we will 
select new ones for the next sample period.  Label the swabs with the letter and 
a number (P 1 – 20). 
 
 We also need two types of feed samples, one from before the food is 
distributed (a fresh sample) and one from after distribution (an old sample).  
Filling the labeled containers provided will be sufficient.  We would like two soil 
samples from outside the hen houses.  Collect from random locations at least 30 
feet apart.  We are looking for a diversity of samples, and leave it at your 
discretion.  At least one sample from a chicken yard would be nice.  Again, filling 
the marked containers will do.  Use the trowel in the kit to collect soil, and wash 
off the tool between sample collections.  Finally, we need two bags of chicken 
litter.  We require 200 g, and filling the Ziploc bags provided should do it. 
 
 The final aspect of the project is to couple sample collection with global 
positioning data.  This will allow us to access all of the relevant climatic data at 
the time of collection.  We will be able to determine the soil and air temperature, 
humidity, and other data with the numbers you provide.  Included in the kit is a 
hand held GPS unit.  To activate the unit, press and hold the lower button on the 
right side of the device.  You will see a picture of the earth being circled by 
satellites.  Allow the device to find its satellites (it will take a few minutes, and 
must be outside to do this).  When the top the screen says “Ready to Navigate”, 
the device is activated.  Each time you collect a sample, write down the numbers 
appearing in the “Location” window at the bottom of the screen.  The numbers 
are latitude and longitude.  For instance, my office location is N 35o 56.894’ 
W083o 56.575’.  We only need one of the rectal swabs to be label this way.  Feel 
free to play with the unit’s features for your own amusement.  I have had great 
fun with it.  When you are finished with sample collection, put everything back in 
the kit container (including the GPS unit and trowel), put the container back in the 
box, and place the included shipping label on it.  Call 1-800-GOFEDEX to 
arrange a pick-up at your location, and I will be happy to set it up if you let me 
know the package is ready to go. 
 
 If you have any questions, or need anything, please call.  Thanks again, 
and I will talk with you soon,  Harry Richards 
 
 

Feed Samples 
 
Beef Farms: 
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 Feed samples consisted of hay or grass samples that cattle ate.  
Tennessee Beef provided corn silage and hay, both produced onsite, during the 
Winter and Fescue-Bermuda grass grazing during the rest of the year.  California 
feed cattle were fed alfalfa hay and some given cottonseed meal besides grazing 
in pasture.  Washington beef cattle were fed hay during December through 
March and grazed in pasture the rest of the year. 
 
Dairy Farms: 
 Feed samples consisted of a mix of commercial feeds (TMR and other 
ingredients) and on-farm produced silage.  Tennessee dairy cattle were given a 
Forage ration including corn silage, whole cottonseed (blended), alfalfa-orchard 
grass hay free choice.  From October to April wet brewers grains were added to 
the Tennessee dairy feed.  Tennessee dairy cattle were also pastured on small 
grains, orchard grass-clover or pearl millet. 
 Alabama dairy cattle were fed “TMR” and a corn silage base (grass, hay, 
ground corn, commercial protein and mineral mix).  California dairy were fed 
“TMR” only.  Washington dairy cattle were fed corn silage, alfalfa hay, distillers, 
canola, soymeal, potatoes and rolled corn. 
 
Poultry Farms: 
 Feed samples were from commercial sources (pellets).  North Carolina 
and Tennesee poultry were fed a started feed until 14 days of age, a grower diet 
from 15 to 34 days of age, and a finisher diet from 35 to 42 days of age.  
Washington poultry were fed “layer mash”.   
 
Swine Farms: 
 Feed samples were from commercial sources (pellets).  Tennessee swine 
were fed a commercially produced pellet diet for those under 40 lbs. and a “meal” 
diet when over 40 lbs. (all animals swine swab on this farm were over 40 lbs.).  
California swine were fed corn and soybean meal.  Washington swine were fed 
barley and peas. 
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Appendix VI: PFGE Protocol 
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PFGE Protocol 

A rapid Pulsed-Field Gel Electrophoresis protocol for the typing of Listeria 

monocytogenes in one day.  This adapted protocol is compliments of Stephen P. 

Oliver’s Mastitis Research Group, which is adapted from Gautom (1997), yet 

follows the PulseNet standardized protocol set by Graves and Swaminathan 

(2001). 

A. Preparation of Gel Plugs 

1. Bacterial colonies incubated overnight at 30oC on BHI agar are directly 

suspended using sterile cotton swabs, in 3 ml of Cell Suspension TE 

buffer (100 mM Tris and 100 mM EDTA pH 7.5). (Note: Swab the colonies 

gently without disturbing the agar surface.) [10 mM Tris, 1 mM EDTA, pH 

8.0] 

2. Adjust the turbidity of bacterial cells to an O.D. of 1.40 (1.3) using a 

spectrophotometer at 610 nm using a Vitek colorimeter. 

3. Transfer 240 µl of each bacterial suspension to 1.5 ml microcentrifuge 

tube. 

4. Add 60 µl (10 mg/ml) lysozyme (sigma), and incubated for 10 min for 

37oC, in each tube and mix gently 5-6 times.  To use, thaw one tube of 

lysozyme and keep on ice, discard after use. (Note: In steps 5-7, 

specimen tubes must be individually processed.  Finish making plugs from 

one specimen tube before proceeding to the next.) 
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5. Add 300 µl of 1.2% InCert/SDS agarose mix (SeaKem Gold agarose, 

w/1% SDS and 0.2 mg/ml Proteinase K (Roche)).  Agarose should be held 

at 55oC for 10-15 minutes before mixing with cell suspension. 

6. Immediately mix by pipetting up and down 5-6 times, avoid creating air 

bubbles in mixture (NO VORTEXING). 

7. Following mixing, immediately dispense the bacteria and agarose mixture 

into the wells of the BioRad disposable plug molds.  Make two plugs per 

specimen, and 4 plugs for the control isolate. 

8. Allow the plugs to solidify either at room temp for 15 minutes or at 4oC for 

5-10 minutes. 

9. Transfer the plugs to 50 ml polypropylene conical tubes (Beckton 

Dickinson). 

10. Add 4 ml of ES (lysis) buffer (0.5 M Tris, 0.5 M EDTA, pH 8.0: 1% sodium-

lauryl-sarcosine) and 40 (?) µl of Proteinase K (0.15 mg/ml stock solution).  

Add proteinase K immediately before use. 

11. Incubate plugs in a 53 oC shaker water bath for 2 h, 200 rev/min.  Tubes 

with plugs should be completely immersed in water and be shaking 

horizontally. (Note: In case a shaker water bath is not available, gently 

shaking the tubes manually to mix every 15-20 minutes works well.) 

B. Washing of the Plugs (PFGE GNR) 

1. After incubation, remove ESP buffer and transfer plugs to 50 ml tubes.  

(Note: Washing should be done in 50 ml tubes.  These tubes should be 

shaking at an angle in a rack to get maximum washing effect.) 
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2. Wash the plugs in 10 ml of sterile distilled water (A. bidest.) (preheated to 

50oC + 2) for 15 minutes at 50oC (53 oC) in a shaker water bath.  If shaker 

water bath in not available, gently shaking the tubes manually two to three 

times in the step. 

3. Replace the water with 10 ml Plug Wash TE buffer (pH 8.0) (preheated to 

50oC + 2).  Incubate/wash the plugs at 50oC (53 oC) in a shaker water bath 

for 15 minutes (if shaker water bath in not available, gently shake the 

tubes manually two or three times in this step.) 

4. Repeat step 3 two additional times, 10-15 minutes each wash. 

5. Store plugs in 2 ml of Plug Wash TE buffer at 4oC until ready for restriction 

digestion.  (Plug remain useable for several months if stored in Plug Wash 

TE buffer at 4oC.) 

C. Alternate Plug Washing Procedure 

1. Load pre-numbered RioRad screen caps with the two plugs from each 

specimen.  Cap number and corresponding lab number should be written 

beforehand in laboratory notebook.  Assemble caps into a column by 

screwing threaded caps together, use an empty cap for the top of the 

column. 

2. Insert column into PVC washing tube. 

3. Pour pre-heated (50oC + 2) (53oC) wash reagent into tube. 

4. Screw end-cap on PVC tube. 

5. Place sealed PVC tube on platform.  (Platform should have clamps to hold 

tube submerged in water). 
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6. Place platform in 50oC + 2 (53oC) shaking water/bath, and turn shaker on. 

7. Do 5 washes.  First wash in sterile distilled water (A.bidest.) for 15 

minutes, subsequent washes are Plug Wash TE buffer for 10-15 minutes 

each. 

8. Store plugs in 1.5 mls of Plug Wash TE buffer at 4oC until ready for 

restriction digestion. 

D. Restriction Endonuclease Digestion (PFGE GNR) 

1. Remove one plug of storage tube and place onto a clean sterile glass 

slide (with ethanol on it).  With the help of a razor blade, cut three 2mm 

wide slices of the plugs and transfer them to the same labeled 1.5 ml tube 

(with DNA water).  Save rest of the plug in Plug Wash TE buffer at 4oC for 

future use. (Note: Use 70% isopropyl alcohol to sterile glass slide and 

razor blade after every 3 specimens.) 

2. Add 86 µl of sterile distilled water.  10 µl of 10X appropriate restriction 

enzyme buffer.  1 µl of BSA, and 2.5 µl (25 Units) of restriction enzyme 

AscI or 18 µl (180 Units) of ApaI.  Mix gently with the pipette.  Master mix 

of water, buffer, BSA, and enzyme can be made on the basis of total 

number of specimens in a particular run. 

3. Incubate the AscI plugs in a 37oC water bath for 3 hours or ApaI plugs in a 

30 oC water bath for 5 hours. 

E. Pulsed-Field Gel Electrophoresis 

1. After the incubation, aspirate the enzyme mix from the tube with a P-200 

pipette and replace it with 0.5 ml of Plug Wash TE buffer. 
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2. Prepare 1% SeaKem Gold Agarose using 0.5 X TBE buffer. 

3. Align the plug slices on the teeth of the comb in the appropriate order and 

allow them to stick to the comb for approximately 15-20 minutes before 

proceeding to step 4.  Save unused plug slice in Plug Wash TE buffer at 

4oC for future use. 

4. Set the comb in the gel casting mold and pour the agarose.  (Note: Save 

2-3 mls agarose to seal wells.) 

5. Allow the gel to harden for about 20 minutes. 

6. Remove the comb and seal the wells with saved agarose. 

7. Perform electrophoresis with 2 liters of 0.5 X TBE running buffer using the 

following conditions for L. monocytogenes: 

a. Initial switch time: 4.0 seconds  

b. Final switch time: 40.0 seconds 

c. Run time: 22 hours 

d. Angle: 120o 

e. Gradient: 6.0 V/cm 

f. Temperature: 14oC 

g. Ramping factor: linear 

8. Stain gel in 500 ml of distilled water with 1 drop (25 µl) of 10 mg/ml of 

Ethidium Bromide for 20 minutes (if possible on a rocker in the dark).  

Follow with three 30 minute washings with 500 ml distilled water. 

9. Take picture of stained gel using Polaroid camera and digitize picture for 

analysis. 
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10. Restricted AscI were sized against lambda DNA ladder (Bio-Rad) and a 

high-molecular weight DNA marker (Life Technologies).  Strain H2446 (L. 

monocytogenes) acts as the reference (standard) strain. 

. 
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