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Introduction

Several foodborne outbreaks of gastroenteritis, meningo-

encephalitis and ⁄ or abortion in humans around the world

have been attributed to the consumption of dairy and

beef products that were contaminated with Listeria mono-

cytogenes (Gray 1963; Schwartz et al. 1988; Troutt and

Osburn 1997). In the United States, the annual incidence

of listeriosis has been estimated at 2500 cases and the

case-fatality at 20% (Norton and Braden 2007). Con-

sumption of a number of animal-derived foods including

beef products has been associated with listeriosis

(Schwartz et al. 1988; Buncic 1991; Troutt and Osburn

1997; Bailey et al. 2003; Gray et al. 2004; Madden et al.

2007). In addition to the severe diseases in humans,

L. monocytogenes has been associated with major

economic losses in animals causing abortion and enceph-

alitis (Stockton et al. 1954; Gray et al. 1956; Young and

Firehammer 1958; Hathaway 1997).

Sources of infection with this foodborne pathogen in

beef cattle are not well known. Several studies around the

world attributed the infection in cattle to the system of

management including feeding practices (Hofer 1983;

Hathaway 1997; Bailey et al. 2003; Madden et al. 2007).

In spite of the abundance of data on the risk of L. mono-

cytogenes among dairy herds and dairy products around

the world, information on the occurrence of the infection

among beef cattle in the United States is scarce (Young

and Firehammer 1958). This lack of information is likely

to hinder the effort of controlling the incidence of the

disease in beef cattle and hence reducing the risk of

human listeriosis.
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Abstract

Aim: To determine the prevalence of Listeria monocytogenes and associated risk

factors among beef operations (cow-calf and feedlot) in central and southern

California.

Methods and Results: A repeated cross-sectional study where faecal and envi-

ronmental samples were collected from 50 operations three times a year at dif-

ferent seasons was carried out. Samples were tested for presence of

L. monocytogenes using a combination of enrichment and polymerase chain

reaction tests. Data on putative risk factors were also collected. Listeria mono-

cytogenes was detected in faecal samples from cows, calves and other animals

on calf-cow operations at proportions of 3Æ1%, 3Æ75% and 2Æ5%, respectively.

The organism was detected in 5Æ3% of cut-grass, 5Æ3% of soil, 14Æ3% of irriga-

tion ditches, 3Æ1% of the ponds and 6Æ5% of water troughs samples. Listeria

monocytogenes was less common in faecal (0Æ3%) and soil (0Æ75%) samples

collected from feedlots.

Conclusions: Listeria monocytogenes was present at a higher proportion among

cow-calf operations than feedlots. There was no significant seasonal variation

in the occurrence of this pathogen within the two types of operations.

Significance and Impact of the Study: If risk mitigation strategies were imple-

mented to reduce the public health risk these should focus in cow-calf

operations.
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Studies on dairy farms have incriminated silage, hay

and bedding as possible sources of exposure to the organ-

ism (Ueno et al. 1996; Hassan et al. 2001; Borucki et al.

2005; Hutchison et al. 2005a). Furthermore, L. monocyt-

ogenes has been isolated from surface water in livestock

ecosystems (Lyautey et al. 2007). These potential sources

of exposure have not been investigated in beef operations.

The objectives of this study were to estimate the likeli-

hood of occurrence of L. monocytogenes among beef

operations and identify the potential sources of exposure

within these farms. This information is critical to design

cost-effective interventions to help control the risks asso-

ciated with L. monocytogenes in foods containing beef

products.

Material and methods

Design and study population

We carried out a repeated cross-sectional epidemiologic

study to estimate the likelihood of occurrence of L. mono-

cytogenes among beef operations and to identify the poten-

tial sources of exposure within these farms. Animals and

environmental samples were collected from cow-calf and

feedlot operations in the target population (beef operations

in central and southern California) at three different times

of the year (three seasons). The total number of cow-calf

and feedlot operations was obtained from the database kept

at Tulare station, University of California Davis. Operations

enrolled in the study were selected randomly from this data-

base, and the study sample was stratified by type of produc-

tion, cow-calf and feedlot operations. A total of 25 farms

were selected from each stratum.

Samples and sampling design

Cow-calf operations were visited three times, and faecal

samples were collected from 20 calves and cows in the

first visit at branding. A similar number were collected

before weaning during a second visit and from 40 cows at

a dry period during the third visit. Animals to be sampled

were selected at each visit, and 50 g of faeces were col-

lected in a rigid plastic container. In addition, seven envi-

ronmental samples were collected from each cow-calf

operation: two from running water, one from standing

water, one from a water trough, one from range and pas-

ture forages and two from soil. The running water sam-

ples consisted of 100 ml, each collected from a stream on

the ranch at entry and exit points. The water samples

were collected in a 250-ml bottle. A 100 -ml aliquot was

later passed through a filter using a syringe. The filter was

then transferred aseptically to a sterile tube. One compos-

ite sample of biofilm swabs were collected from all water

troughs and placed into a sterile vial. In addition, a com-

posite sample of water from stock ponds in the farm was

also collected. The feed samples consisted of cut native

forages (annual grass) from two areas in the farm: high

risk area (area around the watering zone) and low risk

area (a random grazing area). A composite sample of

c. 250 g of rangeland forage ⁄ pasture was cut from the

two areas and transferred to two sterile plastic bags. Two

types of soil samples were then collected from the ranch.

The first was a composite sample soil of scratched surface

(1 cm deep) around watering and grazing areas. The

second sample consisted of faecal pats and faeces from

wildlife around the pasture. Both types of samples were

collected in sterile plastic tubes.

Feedlot operations enrolled in the study were visited

five times. On each visit, faeces and environmental sam-

ples were collected. The environmental samples included

cow feed, water trough sediment and biofilm, feed bunk

swabs and pen soil samples. The sampling unit of interest

in the feedlot operations was the pen. On each visit, eight

samples were collected from different locations within a

pen using a conceptual grid sampling to ensure coverage

of the pen. Each pen was subdivided into sampling units

of nine square feet. A systematic sampling design based

on the number of grids in each pen was then employed

to collect composite samples of soil. Faecal samples were

collected from each pen twice: from animals at an early

stage of feeding and at a later stage of feeding. The faecal

samples were collected in sterile plastic bottles and stored.

A similar number of eight composite soil samples were

collected from the same pen using the conceptual grid

sampling design described previously to ensure represen-

tative sampling. The soil samples were collected in sterile

plastic tubes.

Water sampling consisted of composite samples of bio-

film swabs of all water troughs in the pen. The composite

swabs were transferred to a collection tube and stored at

4�C until shipping. Composite swabs of all feed bunks in

the sampled pen were collected in the sampling tubes and

handled as described previously. In addition, 200 g of

composite feed samples, collected from different spots in

the storage area that were identified randomly, was trans-

ferred to the sampling tubes.

All samples were stored at 4�C immediately after collec-

tion and until shipping the following day through express

mail to Cornell for analysis. The commencement of testing

was not longer than 72 h after sampling. Samples that took

more than 72 h in shipping were not processed.

Detection of Listeria monocytogenes

All the samples were processed according to the manufac-

turer’s protocol, BAX System (2009), for detection of
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L. monocytogenes, which consisted of a two-stage enrich-

ment followed by DNA detection. Briefly, in the first

stage, all samples were pre-enriched with Demi-Fraser

broth (Oxoid) at a ratio of 1 : 10 and incubated for

22–26 h at 30�C. In the second stage enrichment, the

MOPS (Morpholinepropanesulfonic) Buffered Listeria

Enrichment Broth – BBL Listeria enrichment broth,

MOPS free acid and Mops sodium salt (Fisher Scientific,

Pittsburgh, PA) were used as selective media in which

0Æ1 ml of the first stage enrichment was added to 9Æ9 ml

and incubated at 35�C for 18–24 h. After this second

enrichment, the samples were heated in a lysis reagent

solution. The polymerase chain reaction (PCR) tablets

were hydrated with the lysed sample and processed in the

automated cycler ⁄ detector. The results were displayed by

the bax software (Wilmington, DE) as L. monocytogenes

positive or negative.

Data analysis

The risk of occurrence of L. monocytogenes in each type

of sample was computed as the proportion of samples

that tested positive out of the samples that were examined

using the PCR system. The likelihood of occurrence of

L. monocytogenes in a particular set of samples in compar-

ison with the other was evaluated using logistic regression

analysis, while adjusting for the potential clustering of the

results by farm. It was assumed that the unobserved risk

factors were randomly distributed among farms, and the

overall significance of this assumption was evaluated by

using a mixed effects logistic regression model (Rosner

et al. 1989). The mixed effects logistic regression analysis

was performed using the egret statistical software (Cytel

Statistical Software, Boston, MA, USA). The effect of each

factor on the likelihood of infection with the organism was

quantified by the odds ratio (OR), which was computed

as the exponent of the respective regression coefficient.

Results

Cow-calf operations

A total of 1761 cows were sampled from the 25 ranches

with a median number of 70 head per ranch (range

18–139 cows). The occurrence of L. monocytogenes among

cows appeared to be at a low proportion as the organism

was recovered from 3Æ1% of the sampled cows (Table 1).

The organism was detected in cow faecal samples col-

lected from 11 of the 25 operations (herd prevalence

44%). The within-herd prevalence of L. monocytogenes

ranged from 0% to 29% and the average was 3Æ4%.

A total of 705 calves were sampled from these ranches

with a median number of 28 animals per operation (range

12–60 calves). There was no significant difference in the

shedding proportion of L. monocytogenes between cows

and calves; calves shed the organism at an average rate of

3Æ7%. The herd prevalence rate for calves was 28%. The

within-herd prevalence of L. monocytogenes among calves

ranged from 0% to 23% and the average was 2Æ5%.

The organism was detected at a relatively low preva-

lence in samples collected from noncattle faeces (scat

from other animals, presumably from wildlife) on the

premises (prevalence 2Æ5%).

Listeria monocytogenes was recovered at a relatively high

proportion in environmental samples in comparison with

faecal samples. Twenty-eight per cent of the farms had

L. monocytogenes in at least one of the cut-grass samples

collected from the premises. The overall prevalence of the

organism in grass cut samples was 5Æ3%, which is slightly

higher that than in animal samples but not significantly

different. The within-farm prevalence of the organism

was 4% (range 0–33%). The number of composite grass

samples collected from each farm ranged from 6 to 12

samples. On the other hand, the organism was detected

in at least one of the soil samples from 20% of the

ranches in the study. The overall prevalence of L. mono-

cytogenes in soil samples was 5Æ3%, which was similar to

that observed for the grass cut samples (Table 1). The

within-farm prevalence of the organism was 5Æ3% (range

0–43%).

Listeria monocytogenes was prevalent in water sources

on cow-calf farm operations. Water samples were col-

lected from stream entry and exit points from irrigation

Table 1 Prevalence of Listeria monocytogenes in different samples

collected calf-cow and feedlot operations in California

Type of sample

Number

of samples

Prevalence

(%)

95%

Confidence

interval

Calf-cow operations

Cows 1761 3Æ1 2Æ2–3Æ9

Calf 705 3Æ7 2Æ3–5Æ1

Faeces from other animals 40 2Æ5 0–7Æ6

Cut-grass 132 5Æ3 1Æ4–9Æ4

Soil 132 5Æ3 1Æ4–9Æ2

Entry point in irrigation ditch 16 0 –

Exist point from irrigation ditch 15 14Æ3 0–35Æ3

Water troughs 32 3Æ1 0–9Æ5

Water from ponds 31 6Æ5 0–15Æ6

Feedlot operations

Cows 975 0Æ3 0–0Æ5

Soil 972 0Æ7 0Æ2–1Æ3

Feed bunk 121 2Æ5 0–5Æ3

Water trough 121 0Æ8 0–2Æ5

Cow feed 118 1Æ7 0–4Æ1
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ditches from 12 of the 25 farms enrolled. None of the

samples that were collected from the entry point of irriga-

tion ditches were positive for the organism. However, the

average recovery rate of L. monocytogenes from exit points

from the irrigation ditches was 14Æ3%. The within-farm

prevalence of the organism in stream exit samples was

2Æ6% and the range was 0–50%. These findings imply that

most of the contamination in the irrigation ditches hap-

pens in the farm, because only exit point samples were

positive.

Composite water trough biofilm swabs were collected

from 21 farms in the study, and the organism was

detected in 3Æ1% of these samples (Table 1). The number

of samples collected per ranch ranged from one to seven

composite samples. Samples were also collected from

stock ponds in 15 farms, and the organism was detected

in two of these farms. The prevalence of L. monocytogenes

among these samples was 6Æ5% (Table 1).

Figure 1 shows the monthly distribution of the occur-

rence of L. monocytogenes in the cow-calf population. It

appears that the organism is endemic in the farms visited,

where it was detected in samples collected from these

farms in every month of the year except for April,

September and October. Although higher detection rates

of the organism were observed in December and January,

there was no distinct seasonal pattern of the occurrence

of the organism in this population.

Table 2 presents the results of the logistic regression

analysis to assess the difference in the occurrence of

L. monocytogenes in different samples, while controlling

for the potential clustering of the prevalence by farm. The

likelihood of occurrence of the organism in all sources in

the farm was compared to the prevalence in cows (refer-

ence category) (Table 2). There was no significant differ-

ence in the occurrence L. monocytogenes among these

sources; however, there was evidence of clustering of the

occurrence of the organism by farm as the random effect

parameter was significantly different from zero (Table 2).

Table 3 presents the correlations of the farms’ detection

rates of L. monocytogenes among different samples col-

lected from cow-calf operations. There was relatively high

correlation between the presence of the organism in sam-

ples collected from either soil or water ponds and faecal

samples collected from cows. Because these samples were

collected in a cross-sectional study, it is difficult to
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Figure 1 Distribution of monthly occurrence

of Listeria monocytogenes among calf-cow

( ) and feedlot ( ) operations in the study

population.

Table 2 The likelihood of Listeria monocytogenes among different

samples collected from cow-calf operations while controlling for the

potential clustering of the organism by farm

Risk factor

Regression

coefficient

Standard

error

Odds

ratio

95%

confidence

interval

Referent )15Æ058 0Æ656 – –

Type of samples

Cow 0 0 1Æ0 –

Calf 0Æ184 0Æ300 1Æ2 0Æ7–2Æ2

Cut-grass 0Æ480 0Æ536 1Æ6 0Æ6–4Æ6

Soil 0Æ438 0Æ554 1Æ6 0Æ5–4Æ6

Water samples 0Æ382 0Æ509 1Æ5 0Æ5–4Æ0

Random effect

parameter

3Æ867 0Æ321 – –

Table 3 Correlation between detecting Listeria monocytogenes

among different samples collected from cow-calf beef operations

Source of sample Cow Calf Grass Soil

Cow – – – –

Calf 0Æ49 – – –

Grass )0Æ03 )0Æ15 – –

Soil 0Æ62 0Æ96 )0Æ1 –

Ponds 0Æ62 0Æ96 )0Æ1 1Æ0
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conclude whether the cow contracted the infection from

these two sources or contaminated them. A similar pat-

tern of association was observed between samples col-

lected from calves and either of these two sources. There

was a high association between the presence of L. mono-

cytogenes in soil samples and in ponds in the farms.

Although there was a correlation between the presence of

the organism in samples collected from cows and those

collected from calves, the correlation coefficient is not

high (Table 3).

Feedlot operations

A total of 2307 samples were collected from 25 feedlot

operations in the target population. Table 1 lists the num-

ber of samples collected per source and prevalence of

L. monocytogenes in each type of sample. Samples collected

from an average of 40 animals (range 16–48 cows) per

operation. The organism was detected in faecal samples in

two farms at the rate of 1Æ6% and 2Æ1%, respectively.

Soil samples were collected from all feedlot operations

in the study at an average of 40 samples per farm (range

16–48). Listeria monocytogenes was not common in the

soil in these operations because the organism was

detected in samples from only one farm at a prevalence

of 11%. A total of 64 composite soil samples were col-

lected from that particular farm. Furthermore, L. mono-

cytogenes was not common in feed bunk samples from

feedlot operations. It was only detected in samples col-

lected from two farms. Within these two farms, the

organism was detected in one of the five samples in the

first and two of the six samples collected in the second

farm. Composite biofilms swabs were collected from

water troughs in pens in these operations, and the organ-

ism was detected in only one pen in a single farm. Simi-

larly, L. monocytogenes was not common in the target

population, where it was detected in stored feed that was

collected from two farms at 16% and 32%, respectively.

Figure 1 shows the monthly detection rate of L. mono-

cytogenes in samples collected from feedlot operations in

the sampled populations. The detection rate of the organ-

ism varied throughout the year with relatively high rate

in January, May and October. There was no apparent

clustering of detection by season.

In the final analysis, we compared the likelihood of

detecting L. monocytogenes in samples collected from

feedlot operations to that in samples from cow-calf farms,

while controlling for the potential clustering of the occur-

rence of the organism by premises (Table 4). The likeli-

hood of detecting the organism in samples from cow-calf

farms was very high indicating that L. monocytogenes was

more prevalent in these premises compared to feedlot

operations.

Discussion

Very few studies around the world, and none in the Uni-

ted States, have investigated the occurrence of L. mono-

cytogenes in beef cattle operations (Young and

Firehammer 1958; Hofer 1983; Inoue et al. 2000; Bailey

et al. 2003). However, most of these reports have focused

on investigating this pathogen only at meat processing

plants (Young and Firehammer 1958; Rivera-Betancourt

et al. 2004; Madden et al. 2007).

The observed shedding rate of 3Æ1% among cow-calf

operations was not substantively different than the 2%

rate reported in Australia and the 4Æ8% reported in

Ireland (Bailey et al. 2003; Madden et al. 2007). However,

the latter two rates were reported in faecal samples col-

lected from cows at the processing plants. It should also

be pointed out that sampling animals at the abattoirs is

likely to result in a higher prevalence because of the stress

effect of transportation of cows on the shedding rate

(Fenlon et al. 1996). Other studies reported higher shed-

ding rates among pastured animals to be processed at the

abattoir (Buncic 1991; Bailey et al. 2003). We believe that

these higher rates are a reflection of the variation in the

impact of transportation stress among cows which har-

boured the organism and the change in the immediate

environment in terms of crowding. Hence, animals in our

study were sampled at the farm.

The presence of L. monocytogenes among beef cattle

operations has been incriminated in several cases of abor-

tion (Young and Firehammer 1958). However, none of

the farms’ owner or manager reported an increased inci-

dence of abortions among the herds surveyed in this

study.

Although the organism appears to be common among

dairy farms, it was relatively uncommon in calf-cow oper-

ations (Skovgaard and Morgen 1988; Hassan et al. 2000).

Several factors might have contributed to this difference

in the shedding rate including the management practices.

Historically, one of the incriminated sources of L. mono-

cytogenes in dairy farms was contaminated silage;

Table 4 Association between the type of production (cow-calf vs

feedlot operations) and the likelihood of Listeria monocytogenes

Risk factor

Regression

coefficient

Standard

error

Odds ratio

(95% confidence

interval)

Type of production

Cow-calf 0 – –

Feedlot )36Æ08 03Æ77 0Æ03 (0Æ01–0Æ07)

Constant )15Æ145 0Æ603 –

Random effect

parameter

3Æ933 0Æ282 –
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however, feeding silage is an uncommon practice among

calf-cow operations (Gray 1960; Ueno et al. 1996).

Apparently L. monocytogenes was prevalent among

calves in cow-calf operations in our study where the

organism was detected in at least one calf in 33% of the

farms. This finding is not surprising because the organism

is perceived to occur ubiquitously (Gray 1963; Ueno et al.

1996); however, the occurrence of the organism was

reported to vary by region among beef cattle slaughtered

in the United States (Rivera-Betancourt et al. 2004). This

variation in the occurrence of the organism among farms

in the study population could be attributed to several fac-

tors including management and geography (Fenlon et al.

1996; Ueno et al. 1996); however, there was no high cor-

relation between the occurrence of the organism in calves

and in cows from the same farm. The detection of

L. monocytogenes in ponds and soil samples correlated

with the detection of the organism in samples collected

from calves suggests that either of these could be a source

of infection. Because calves are likely to contract the

infection through the oral route, it is not unreasonable to

incriminate contaminated ponds as a source of infection

(Renter et al. 2003, 2004; Nightingale et al. 2004). Because

no L. monocytogenes was detected in water samples col-

lected from entry points to irrigation ditches, it is not

unreasonable to assume that most of the presence of the

organism in water samples could be attributed to the per-

petuation of the infection among animals and contamina-

tion in the farm. This finding is supported by observation

of the presence of the organism at a relatively high rate at

exit points from irrigation ditches rather than from entry

points to the ditches. Our finding is consistent with

results from other studies in which the authors found

higher occurrence of Listeria in catchments near livestock

operations (Lyautey et al. 2007).

Listeria monocytogenes was isolated from 5Æ3% of cut

grass and soil samples collected in this study, and there

was a high correlation between the occurrences of the

pathogens in both samples within the farms. However,

there was no correlation between detecting this organism

in cattle and in grass, which lead to the speculation that

it was unlikely that the animals were exposed to the

organism through grass. On the contrary, it was most

likely that infected animals had contaminated the grass

during grazing. There is supporting evidence in the litera-

ture for this observation as L. monocytogenes has been

shown to survive in grass for more than 4 months

(Hutchison et al. 2005c). Interestingly enough, there was

no correlation between the detection of organisms in

grass samples and in either soil or pond samples. Studies

on the occurrence of L. monocytogenes on grass made a

similar conclusion and found that there was a low shed-

ding rate among animals fed largely hay (Fenlon et al.

1996; Hutchison et al. 2005b). However, there was a high

correlation between detecting L. monocytogenes in samples

collected soil and from ponds. This finding favours the

speculation that most of the soil contamination ends in

water ponds. However, we caution from the potential of

overinterpretation of these finding in this investigation

because of the nature of our study, a cross-sectional

design. One of the inherited problems in cross-sectional

studies is the difficultly of discerning the directionality of

the association in the detection of organisms among dif-

ferent samples and hence the causal relationship.

Studies on the prevalence of Listeria spp. in dairy farms

among animal and environmental samples have described

the pattern of occurrence of the organism as seasonal but

have not consistently shown whether the organism is

more prevalent in winter or summer (Husu 1990; Hassan

et al. 2000; Hutchison et al. 2005b). In this study, which

was conducted on beef cattle, we were not able to ascer-

tain any seasonal variation. The highest detection rate of

L. monocytogenes was observed during the months of

December and January, a finding that was consistent with

the report that attributing this high rate to the indoor

season where animals are crowded together (Husu 1990).

The animals sampled in this study are spread out in the

pasture the majority of the time and high stocking density

is not a factor. It is possible that the lack of crowding

explains the lack of seasonal pattern of occurrence of the

organism among animals in this study.

It was surprising to find that L. monocytogenes was less

common in feedlots in comparison with cow-calf opera-

tions. This finding is different from the finding in other

populations that were investigated at the abattoir level

where the authors reported a higher rate among animals

originated from feedlot in comparison with pastured beef

cattle (Bailey et al. 2003). The argument for the expected

high prevalence of L. monocytogenes among animals

acquired from feedlot operations was explained by the

feeding of silage (Gray 1960; Fenlon et al. 1996; Hassan

et al. 2001; Bailey et al. 2003). However, these outbreaks

have been linked primarily to feeding of spoilage silage

(Vazquez-Boland et al. 1992; Wiedmann et al. 1997;

Hassan et al. 2001; Laven and Lawrence 2006). In our

study, the highest detection rate of the organism was

found in feed and feed bunk samples in comparison with

the animal samples, but there was no correlation between

detection of the organism in the feed samples and the

animals’ faeces. Hence, we do not believe that the feed

would play a major role in the introduction of the infec-

tion to these operations.

In conclusion, our study showed that L. monocytogenes

was present in animal and environmental samples col-

lected from cow-calf and feedlot operations at different

rates. The organism was detected at a higher rate among
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animals in cow-calf farms in comparison with feedlot

animals. These results suggest that the presence of the

organism at the preharvest level might contribute to the

contamination of the beef carcasses and products at

the processing plants, and hence put humans at risk of

listeriosis. If risk mitigation strategies were to be imple-

mented to reduce the public health risk associated with

the consumption of beef and beef products, risk at the

preharvest level should not be ignored. This is critical

because, unlike in dairy products, there is no interven-

tion in beef products beyond sanitary measures to con-

trol and eliminate the hazard of the pathogen in food

products.
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