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The objective of this study was to compare preharvest monitoring strategies by evaluating three different sam-
pling methods in the lairage area to determine pathogen recovery for each sampling method and incoming
pathogen prevalence from the cattle to inform in‐plant decision making. Samples were gathered over a 5‐
month period, from February to June 2022, at a harvesting and processing facility located in Eastern
Nebraska. Sampling methods included (i) fecal pats, (ii) boot swabs, and (iii) MicroTally swab. A total of
329 samples were collected over the study period (fecal pats: n = 105, boot swabs: n = 104, and
MicroTally swabs: n = 120). Specific media combinations, an incubation temperature of 42°C, and incubation
timepoints (18–24 h) were utilized for each matrix and the prevalence of Salmonella, Escherichia coli O157:H7,
and six non‐O157 Shiga‐toxin producing E. coli (STEC) was evaluated using the BAX system Real‐Time PCR
assay. Overall, results from the study concluded that boot swabs were an effective sampling method for patho-
gen detection in the cattle lairage area. Boot swabs (97.1%) were statistically more likely to detect for
Salmonella (p < 0.05) when compared to fecal pats (67.6%) and MicroTally swab (77.5%) methods. For
E. coli O157:H7 and STEC – O26, O121, O45, and O103 prevalence, boot swabs were significantly better at
detecting for these pathogens (p < 0.05) than MicroTally swabs (OR = 3.16 – 11.95) and a comparable sam-
pling method to fecal pats (OR= 0.93 – 2.01, p>0.05). Lastly, all three sampling methods detected a very low
prevalence for E. coli O111 and O145; therefore, no further analysis was conducted. The boot swab sampling
method was strongly favored because they require little training to implement, are inexpensive, and they do
not require much sampling labor; therefore, would be a simple and effective sampling method to implement
within the industry to evaluate pathogen prevalence preharvest.
The U.S. is the world’s largest producer and consumer of beef,
which makes cattle one of the most important agricultural commodi-
ties in the U.S. (USDA – ERS, 2022). As of 2017, there were more than
700,000 cattle farms, ranches, and feedyards in the U.S., raising an
estimated 93 million beef cattle, which accounts for 27% of U.S. land
(Cattlemen’s Beef Board, 2018). The beef industry is comprised of
many different sectors that each partake in their own roles within
the lifecycle of beef cattle, some of which include the producer, proces-
sor, retailer, imports/exports, and consumers. Having these different
sectors involved within the industry is necessary but can make it chal-
lenging to ensure the safety of the final meat product due to the vari-
able number of food safety measures that need to be taken within each
sector to reduce microbial contamination and overall produce safe and
wholesome beef.

Cattle have been identified as common reservoirs for Escherichia
coli O157:H7, Salmonella, and six non‐O157 Shiga toxin‐producing
E. coli (STEC), as these pathogenic microorganisms are naturally colo-
nized in their gastrointestinal (GI) tract and can lead to contamination
of beef carcasses within the processing facility (Arthur et al., 2010;
Benjamin et al., 2015; CDCP, 2023). In the beef industry, most
research and food safety efforts have focused on postharvest interven-
tions, which originate on the harvesting floor, and can include antimi-
crobial interventions, hot water washes, steam pasteurization, proper
sanitation/dressing procedures, and good hygiene practices
(Brashears & Chaves, 2017). However, preharvest is the origin of
pathogen colonization in cattle; therefore, these issues also warrant
preharvest management strategies geared towards controlling incom-
ing pathogen loads entering commercial abattoirs on harvest‐ready
feedlot cattle. Preharvest interventions within the beef industry com-
monly include antimicrobials, bacteriophages, direct‐fed microbials,
vaccines, and other feed additives (Sargent et al., 2007). While some
preharvest intervention methods have proven to reduce targeted
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pathogens such as E. coli O157:H7 and Salmonella, they are not widely
adopted within the industry because they are not cost‐effective and do
not provide any perceived benefit to cattle producers directly
(Brashears et al., 2005; Stephens et al., 2007; Vipham et al., 2015).
Additionally, the Food Safety and Inspection Service (FSIS) does not
have any regulatory authority on cattle farms or feedyards; therefore,
it is challenging to mandate or enforce the use of any preharvest inter-
ventions in live cattle.

The FSIS does however have regulatory control of the lairage area
at commercial beef processing facilities, as this is where they perform
antemortem inspection of the cattle, prior to harvest, and would be
able to implement/mandate preharvest control measures starting at
this point (FSIS – USDA, 2020). A recently proposed “regulatory
framework” for controlling Salmonella by the FSIS, targeting poultry
production, indicated that there is interest in monitoring the pathogen
status of the incoming birds at the processing facilities (FSIS – USDA,
2022). This framework could eventually be implemented in the lairage
area of beef processing facilities. The lairage area at a commercial beef
processing facility, which is where cattle are held prior to harvest, and
transportation of cattle from feedlots to processing facilities are known
to be major sources of contamination to the hides of cattle (Edwards‐
Callaway & Calvo‐Lorenzo, 2020). Multiple studies have demonstrated
that as cattle are transported to the processing facilities and progress
through the processing plant lairage area, hide contamination
increases due to cattle shedding pathogens in common spaces, and
as large numbers of cattle pass through these spaces, they acquire addi-
tional contamination on their hides (Arthur et al., 2010, 2017;
Koohmaraie et al. 2007).

Monitoring of pathogen prevalence within the lairage area environ-
ment, specifically the cattle holding pens, has not been extensively
studied. Therefore, there is a need to compare preharvest sampling
strategies in the lairage area of commercial beef processing facilities
to detect for pathogens in the pen floor environment that have the
potential to cross‐contaminate and enter the food supply chain. Tradi-
tionally, fecal pats/grabs are used as a sampling method to evaluate
pathogen prevalence in cattle. Many studies have evaluated the preva-
lence of STECs and Salmonella, along with the survival and growth
characteristics of these pathogens by collecting fecal samples
(Dewsbury et al., 2015; Echeverry, 2004; Van Donkersgoed et al.,
1999). However, in recent years, the poultry industry has validated
and adopted the boot swab/sock sampling method to sample poultry
houses for pathogen presence. While the boot swab sampling method
has not yet been adopted to detect for the prevalence of pathogens in
the beef industry, more specifically in the lairage area of a beef pro-
cessing facility, this is a common and proven to be effective and sensi-
tive, sampling method in the poultry industry to detect for Salmonella
and Campylobacter in poultry houses (Laube et al., 2014; Mateus‐
Vargas et al., 2022; Skov et al., 1999). Lastly, MicroTally swabs/cloth
are a novel sampling method in the beef industry to sample beef trim-
mings and detect for E. coli O157:H7, which replaces traditional N60
testing methods. When they are used as directed, MicroTally swabs
provide an organism recovery rate greater than or equivalent to the
typical N60 method for detection (Fremonta, n.d.). The swab works
by lifting microorganisms from the surface of the product when con-
tact is made with the sheet. The binding is more efficient than the
release, causing organisms to accumulate, providing a large effective
sample size (Fremonta, n.d.). However, research is currently limited
on the effectiveness of using the MicroTally swab to sample other food
products or processing/lairage environments.

Overall, preharvest monitoring of the lairage area is important for
decision‐making and can be helpful in determining strategies to reduce
pathogen loads entering commercial abattoirs on harvest‐ready feedlot
cattle. Additionally, lairage area monitoring allows facilities to map
pathogens throughout the lairage area and pinpoint contamination
sources/areas (common spaces) that consistently have a higher preva-
lence of pathogens, which likely leads to cross‐contamination on cattle
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hides throughout the production day. The objective of this study was
to establish preharvest monitoring sentinel by evaluating three differ-
ent sampling methods, fecal pats, boot swabs, and MicroTally swabs,
relevant to the industry today in the cattle holding pens of the lairage
area to determine pathogen recovery for each sampling method and
incoming pathogen prevalence from the cattle to inform in‐plant deci-
sion making.
Materials and methods

Beef facility lairage area. This study was conducted at a
USDA–FSIS‐inspected commercial beef harvesting and processing
facility located in Eastern Nebraska. Throughout the production day,
approximately 1,800–2,000 head of beef cattle were harvested, and
their carcasses were broken down into retail cuts and beef trimmings
the following day. Beef cattle, both steers and heifers, arrived at the
receiving area of the facility from the feedyards on livestock transport
trailers. Upon arrival, the live weight of the cattle was taken and then
they were assigned to an outside holding pen in the lairage area to rest
until time for harvest. Cattle spent no more than 12 h in the lairage
area prior to being harvested. The lairage area consisted of 16 outside
holding pens (1008 sq. ft.), which held approximately 50 head/pen
and eight basement holding pens (252–414 sq. ft.) which held
20–30 head/pen. When it was time for harvest, all cattle were moved
through the same common spaces. In groups of 20–60 head, the cattle
were moved from the outside holding pens and down the stairs where
they entered the basement of the lairage area. They were then moved
through the basement ally and into pens in the basement area. All cat-
tle were commonly moved in a zig‐zag pattern through 6–7 of the
eight pens in the basement area as illustrated in Fig. A.1. As the cattle
progressed through the basement pens, they got closer to the harvest-
ing floor. Once they entered the last pen (pen 1), they were then
guided into a chute which led them to the knocking area of the harvest
floor.

This study took place in the eight basement pens of the lairage area
(as shown in Fig. A.1), which was considered a common holding space
that 1,800–2,000 head of cattle were moved through during the pro-
duction day, prior to harvest. Cattle holding pens were not cleaned
until the end of the day; therefore, the pen environment at the end
of the production day was expected to represent all the cattle moved
through this common space and a potential source of cross‐
contamination.

Study design. This study was conducted over a 5‐month period,
from February to June 2022. All sampling was completed at the end
of the harvesting day, prior to cleaning, but after all, the cattle sched-
uled to be harvested for the day were brought through the basement
pens. A total of 329 samples were taken, over six different sampling
events, to sample the pen floor environment in the cattle holding pens.
Three different sampling methods were utilized as follows. i.) FP ‐ fecal
pats, ii.) BS ‐ boot swabs, and iii.) MT – MicroTally™ swabs. While it is
important to acknowledge that the sampling methods were not the
same, these methods were chosen as they are all currently utilized in
the livestock industry. The methods were compared in the same cattle
holding pens to determine which one was the most effective at detect-
ing for pathogens and to inform the decisions made by the beef indus-
try in sampling of lairage pens. Upon collection, all samples were
immediately chilled and shipped overnight to the International Center
for Food Industry Excellence (ICFIE) Food Microbiology Laboratory at
Texas Tech University.

Lairage area sample collection. Fecal pats were collected from
the pen floor of eight different cattle holding pens, located in the base-
ment area, by randomly locating a single fecal pat in the pen area and
using a plastic spoon, one spoon per fecal pat, and picked up a mini-
mum of 10 g and placed it in a sterile specimen container (VWR; Rad-
nor, PA). Information regarding sampling number, pen location, and
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date was recorded on the specimen container at the time the sample
was taken. A total of 105 fecal pats were collected throughout the sam-
pling period. Approximately 20 fecal pats were taken per sampling
event where one to three fecal pats were collected from each pen
(holding pens are illustrated in Fig. A.1).

Additionally, fecal material from the pen floor was collected using
nonwoven shoe covers (VWR; Radnor, PA), which will further be
referred to as boot swabs. To collect the sample, an individual boot
swab was placed over each shoe. The sample was taken by walking
from the front to the back of the pen, at a normal pace, in a predeter-
mined “Z” pattern, as shown in Fig. A.1. The number of steps required
for each boot swab sample was relatively consistent from pen to pen.
Each boot swab was then removed from the shoe, while wearing
gloves, and individually placed in a sterile 1.63 L filtered Whirl‐Pak
bag (NASCO; Fort Atkinson, WI). A single boot swab was equivalent
to one sample. All bags were labeled with the sample number, date,
and pen number at the time the sample was taken. A total of 104 boot
swab samples were taken from the pen floor of the basement area, and
approximately, 20 boot swabs were taken for each sampling event
where one to four boot swabs were taken from each pen.

Lastly, fecal material from the pen floor was collected using manual
MicroTally swabs (FREMONTA; San Jose, CA, USA). With gloves on,
the sample bags were opened and the MicroTally swab/cloth was
pulled out and unfolded. The MicroTally swab was placed on the floor,
on top of or around the floor drain located in the pens, for approxi-
mately 10–15 s or until the cloth was fully saturated. Once the swab
was completely saturated, it was folded back up with an additional
horizontal fold and placed in the original bag it came in. Since these
samples required a drain to be present in the pen, only four of the eight
basement pens were sampled since they were the only pens with drains
as indicated in Fig. A.1. All samples were labeled with the sample
number, date, and pen number at the time the sample was taken. A
total of 120 MicroTally swabs were taken throughout the sampling
period. Twenty MicroTally swabs were taken in each sampling event,
where 5 MicroTally swabs were taken per cattle holding pen.

Sample processing and microbial analysis. Upon arrival at Texas
Tech University, the sample information was recorded, and samples
were organized accordingly.

From the fecal specimen cups, a clean plastic spoon was used to
weigh out 10 g of fecal material into a 1.63 L filtered Whirl‐Pak bag.
Then, primary enrichments were created by aseptically adding
90 mL of prewarmed (42°C) BAX® MP media (Hygiena, Camarillo,
CA, USA) with 0.5 mL/L Quant Solution to the sample bag. Samples
were homogenized using a stomacher (Model 400 Circulator, Seward,
West Sussex, UK) at 230 rpm for 1 min. From the primary enrichment
bag, 10 mL of homogenate was aseptically transferred into a 207 mL
filtered Whirl‐Pak bag (NASCO, Fort Atkinson, WI) using a 30 mL dis-
posable serological pipette (Thermo Fisher Scientific; Waltham, MA,
USA). Additionally, 10 mL of prewarmed BAX MP media with
0.5 mL/L Quant Solution was added to the sample in the 207 mL
bag. The secondary enrichment bags were incubated at 42°C for
18–24 h.

For boot swab samples, 100 mL of Buffered Peptone Water (BPW)
(Merck; Darmstadt, Germany) was aseptically added to the sample
bags. The sample bags were then processed in the stomacher at
230 RPM for 1 min, which will further be referred to as the boot swab
homogenate. A 30 mL aliquot of the boot swab homogenate was trans-
ferred, using a 50 mL disposable serological pipette (VWR; Radnor, PA,
USA) to a 207 mL filtered Whirl‐Pak bag. Then, 30 mL of prewarmed
(42°C) BAX MP media and 1.0 mL/L Quant Solution were added to the
207 mL bag, which will be referred to as the secondary enrichment.
The secondary enrichment was incubated for 18–24 h at 42°C.

Lastly, for MicroTally swab samples, it is important to ensure that
the swab had the additional horizontal fold, so that the media covered
the whole swab. Then, 200 mL of BAX MP media with 1.0 mL/L Quant
Solution was aseptically added to the sample. The samples were then
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processed in the stomacher at 230 rpm for 1 min, which was known as
the primary enrichment. The primary enrichment bags were incubated
at 42°C for 18–24 h.

All matrices were run on the BAX® System Q7 machine using the
Real‐Time (RT) assay for Salmonella, E. coli O157:H7, and STEC –

O26, O45, O103, O111, O121, and O145. For the detection of Sal-
monella and 7 STECs, all matrices were incubated for 18–24 h at 42°
C. Following the manufacture’s guidelines, samples were prepared
accordingly, and the BAX PCR pellets were hydrated. After hydration,
all tubes were placed in the BAX Q7 instrument and a full process for
BAX System RT PCR Assay for Salmonella, E. coli O157:H7 Exact, and
STEC Panel 1 and Panel 2 was ran (Hygiena, n.d. a, n.d. b). At the con-
clusion of the run, presence/absence (+/‐) results were provided at 1
CFU/Sample.

Statistical analysis. All data were analyzed using R (Version
4.1.1) statistical software to evaluate the prevalence of pathogens,
for each sampling method, in the lairage area of a commercial beef
processing facility. Prevalence data for each pathogen were evaluated
by separate generalized linear models (GLMs) with binomial distribu-
tion and logit link and pairwise contrasts were generated by the Tukey
method. The results of the analysis provided the odds ratio (OR) with
95% confidence intervals. All significant differences were evaluated
using a p value lower than 0.05.
Results

Overall, results from the study concluded that boot swabs were
consistently an effective sampling method for pathogen detection in
the cattle lairage area of a commercial beef processing facility. Boot
swabs are statistically more likely to detect for Salmonella prevalence
(p < 0.05) when compared to fecal pats and MicroTally swab meth-
ods. For E. coli O157:H7, E. coli O26, E. coli O121, E. coli O45, and
E. coli O103 prevalence, boot swabs were significantly (p < 0.05) bet-
ter than MicroTally swabs and comparable to fecal pats. Lastly, all
three sampling methods detected a very low prevalence for E. coli
O111 and E. coli O145; therefore, no further analysis was conducted.

Prevalence of Salmonella. Overall, boot swabs were the best sam-
pling method for the detection of Salmonella in the lairage area of a
beef processing facility. The Salmonella prevalence for each matrix
was 67.6% (71/105), 97.1% (101/104), and 77.5% (93/120) for fecal
pats, boot swabs, and MicroTally swabs, respectively. The overall Sal-
monella prevalence for each matrix is represented in Figure 1, and the
Salmonella prevalence for each sampling event is represented in
Table A.1. Throughout each sampling event, boot swabs consistently
had a prevalence greater than or equal to the other two sampling
methods, fecal pats and MicroTally swabs. Boot swabs were signifi-
cantly (p<0.001) more likely to detect for Salmonellawhen compared
to fecal pats (OR: 16.12, 95% CI: 4.78, 53.34) and MicroTally swabs
(OR: 9.78, 95% CI: 2.84, 33.61, p<0.001) as shown in Figure 1. How-
ever, when comparing fecal pats to MicroTally swabs, Salmonella
prevalence was not significant (p>0.05) meaning that these sampling
methods were comparable (OR = 0.61, 95% CI: 0.34, 1.09).

Additionally, the behavior of Salmonella and enterohemorrhagic
E. coli (EHEC) was evaluated among these samples to determine if they
were positive for both rather than just one. The prevalence for each
matrix that was positive for both Salmonella and EHEC was 71/71
(100%), 100/101 (99%), and 71/93 (76%) for fecal pats, boot swabs,
and MicroTally swabs, respectively. Indicating further that both the
boot swab and fecal pat sampling methods were effective sampling
methods in the lairage area of a beef processing facility.

Prevalence of E. coli O157:H7. The average E. coli O157:H7
prevalence was 26% (27/104), 25.2% (26/103), and 6.7% (8/119)
for fecal pats, boot swabs, and MicroTally swabs, respectively, over
the sampling period as shown in Figure 1 and given in Table A.1.
The prevalence of fecal pat and boot swab matrices was very similar,



Figure 1. Pathogen prevalence (%) of preharvest sampling methods (boot swabs, fecal pats, and MicroTally swabs) taken from the pen floor of the lairage area of a
beef harvesting facility over the course of the 5-month sampling period. A total of 105 fecal pats, 104 boot swabs, and 120 MicroTally swab samples were collected
over the study period. Error bars represent 95% confidence intervals (CI).
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therefore, can be considered comparable (OR = 0.96, 95% CI: 0.51,
1.80, p > 0.05) sampling methods for detecting E. coli O157:H7 in
the lairage environment. However, the results of the statistical analysis
indicated that both boot swab (OR = 4.66, CI: 2.01, 10.84) and fecal
pat (OR = 4.85, 95% CI: 2.09, 11.28) sampling methods were signif-
icantly better at detecting E. coli O157:H7 when compared to Micro-
Tally swabs (p < 0.05).

Escherichia coli O157:H7 prevalence for all three sampling methods
was relatively lower when compared to Salmonella prevalence and
some of the other STECs as shown in Figure 1. This is largely due to
prevalence for two of the six sampling events, rep 1 and rep 6, being
0% for all three sampling methods. However, it is hypothesized that
this exhibits consistency among the sampling methods, meaning that
since E. coli O157:H7 prevalence in the pen floor environment for that
sampling event was not detectable by any of the sampling methods,
E. coli O157:H7 was not a detectable incoming pathogen at the facility
that day.

Prevalence of Shiga toxin‐producing E. coli. The average STEC
O26 prevalence was 84.7% (83/98), 95.5% (85/89), and 64.6%
(64/99) for fecal pats, boot swabs, and MicroTally swabs, respectively.
As shown in Figure 1, E. coli O26 prevalence for fecal pats and boot
swabs was similar, and therefore a comparable sampling method
(OR= 3.86, 95% CI: 1.24, 12.02, p>0.05) for lairage sampling; how-
ever, boot swabs were 3.86 times more likely to detect for E. coli O26
then fecal pats as given in Table 1. The results of the statistical analysis
indicated that both boot swabs (OR= 11.59, 95% CI: 3.94, 34.06) and
fecal pats (OR = 3.03, 95% CI: 1.53, 6.03) were significantly
(p < 0.05) more likely to detect for E. coli O26 than MicroTally swabs.

The average STEC O121 prevalence was 75.5% (74/98), 74.2%
(66/89), and 40.4% (40/99) for fecal pats, boot swabs, and MicroTally
swabs, respectively, as shown in Figure 1 and given in Table A.1. E. coli
O121 prevalence for both fecal pats and boot swabs was similar
(p > 0.05); therefore, the statistical analysis, given in Table 1, consid-
ers them comparable sampling methods (OR = 0.93, 95% CI:
4

0.48–1.82). However, the statistical analysis concludes that both boot
swabs are significantly (p < 0.001) more likely at detecting E. coli
O121 than MicroTally swabs (OR = 4.22, 95% CI: 2.25–7.90). Lastly,
fecal pats are 4.53 times more probable (95% CI: 2.47, 8.31,
p < 0.001) to detect for E. coli O121 in the lairage area than Micro-
Tally swabs.

The average STEC O45 prevalence was 72.1% (75/104), 79.6%
(82/103), and 50.4% (60/119) for fecal pats, boot swabs, and Micro-
Tally swabs, respectively. As shown in Figure 1 and given in Table A.1,
E. coli O45 prevalence for both fecal pats and boot swabs was very sim-
ilar (p > 0.05); therefore, there are comparable sampling methods in
the lairage area. Boot swabs are 1.51 times more likely (95% CI: 0.79,
2.88) to detect for E. coli O45 than fecal pats. The statistical analysis
also concluded that both boot swabs (OR = 3.86, 95% CI: 2.10,
7.08, p < 0.001) and fecal pats (OR = 2.53, 95% CI: 1.44, 4.47,
p = 0.003) were significantly better at detecting for E. coli O45 than
MicroTally swabs.

The average STEC O103 prevalence was 76% (79/104) for fecal
pats, 86.4% (89/103) for boot swabs, and 37% (44/119) for Micro-
Tally swabs as shown in Figure 1 and given in Table A.1. As commonly
observed for the other STECs mentioned above, fecal pat and boot
swab prevalence was similar (p > 0.05), therefore, are considered
comparable sampling methods to detect for E. coli O103 in the lairage
area. The statistical analysis, in Table 1, indicates that boot swabs were
2.01 times more likely (95% CI: 0.98, 4.16) to detect for E. coli O103
than fecal pats. MicroTally swab prevalence was low compared to the
other two sampling methods; therefore, both boot swabs (OR= 10.80,
95% CI: 5.44, 21.46, p < 0.001) and fecal pats (OR = 5.37, 95% CI:
2.98, 9.66, p = 0.005) are more likely to detect for STEC O103 than
MicroTally swabs.

Lastly, the prevalence of STEC O111 was 0%, for all three sampling
methods, it was 0% and the prevalence of STEC O145 was 12.5%
(13/104) for fecal pats and 0% for the other two sampling methods;
therefore, no further statistical analysis was conducted.



Table 1
Odds ratios (OR), 95% confidence intervals (CI), and probability (p) values for the likelihood of detectable fecal shedding of pathogens comparing three different
preharvest sampling methods (fecal pat, boot swabs, and MicroTally swab) from GLM analysis

Pathogen Term OR 95% CI p Value

Salmonella Boot Swab – Fecal Pat 16.12 4.78–54.34 < 0.001
Boot Swab – MicroTally 9.78 2.84–33.61 < 0.001
Fecal Pat – MicroTally 0.61 0.34–1.09 0.222

E. coli O157:H7 Boot Swab – Fecal Pat 0.96 0.51– 1.80 0.992
Boot Swab – MicroTally 4.66 2.01 – 10.84 0.001
Fecal Pat – MicroTally 4.85 2.09 – 11.28 0.007

O26 Boot Swab – Fecal Pat 3.86 1.24 – 12.02 0.055
Boot Swab – MicroTally 11.59 3.94 – 34.06 < 0.001
Fecal Pat – MicroTally 3.03 1.53 – 6.03 0.005

O121 Boot Swab – Fecal Pat 0.93 0.48 – 1.82 0.975
Boot Swab – MicroTally 4.22 2.25 – 7.90 < 0.001
Fecal Pat – MicroTally 4.53 2.47 – 8.31 < 0.001

O45 Boot Swab – Fecal Pat 1.51 0.79 – 2.88 0.420
Boot Swab – MicroTally 3.86 2.10 – 7.08 < 0.001
Fecal Pat – MicroTally 2.53 1.44 – 4.47 0.003

O103 Boot Swab – Fecal Pat 2.01 0.98 – 4.16 0.139
Boot Swab – MicroTally 10.80 5.44 – 21.46 < 0.001
Fecal Pat – MicroTally 5.37 2.98 – 9.66 < 0.001
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Discussion

First and foremost, it is important to acknowledge, that while these
sampling methods are not the same, in terms of how the sample was
taken within the pen, the samples were taken based on how they are
currently used in the industry today to overall determine which
method effectively detects for each pathogen. In this study, boot swabs
were the most effective sampling method for determining Salmonella
prevalence as they were significantly more likely to detect Salmonella
than the other two sampling methods (p < 0.05). As shown in
Table A.1, for all six reps boot swab Salmonella prevalence remained
≥ 89.5%, while fecal pat and MicroTally swab prevalence was as
low as 30% for some reps. This is believed to be because boot swabs
sampled a larger area within the cattle holding pens, meaning that
more pen floor fecal material was sampled, while fecal pats and Micro-
Tally swabs represented a smaller area within the pen. Overall, the
boot swab sampling method showed consistency throughout each rep-
etition; therefore, can be considered as an effective sampling method
to detect Salmonella in the lairage area. In a study by Casas, boot swabs
were used to study the impact of soil properties and weather on the
survival and persistence of Salmonella in four different cattle feedlot
ecosystems throughout the different seasons (Casas, 2021). Along with
boot swab samples, manure surface samples were also simultaneously
collected and analyzed for Salmonella prevalence. Data indicated that
the boot swab sampling method was comparable, if not better to the
manure surface samples as similar Salmonella prevalence was observed
(Casas, 2021).

For Shiga toxin‐producing E. coli – O26, O45, and O103 data indi-
cated that boot swabs were a comparable sampling method to fecal
pats. While boot swab prevalence was higher than fecal pats and
MicroTally swabs, there was no significant difference between boot
swabs and fecal pats (p > 0.05). Therefore, boot swabs can be consid-
ered an effective sampling method for the detection of the STECs men-
tioned above in the lairage area. For E. coli O157:H7 and E. coli O121,
the overall prevalence for fecal pats were slightly higher than boot
swab prevalence; however, this difference was not significant
(p > 0.05). The analysis indicates that these two sampling methods
are comparable when detecting for E. coli O157:H7 and O121 in the
lairage area environment. When looking at E. coli O157:H7 prevalence
for each individual rep, as shown in Table A.1, there were two out of
six reps where O157 prevalence for all three sampling methods was
not detected, and three of the six reps had a relatively low prevalence
compared to other STECs, which could potentially due to the impact
seasonality has shown to have on the growth of E. coli O157:H7 in cat-
5

tle. Shiga toxin‐producing E. coli O121 was prevalent for both the fecal
pat and boot swab sampling method; therefore, implying that both
methods are effective for detecting E. coli O121 prevalence in the lai-
rage area.

The prevalence of STEC O111 and O145 was very low over the
course of the study period at the commercial beef facility. However,
it is important to note that this may be a geographical factor as other
studies in different regions of the U.S. have indicated a prevalence of
these pathogens. A study conducted by Schneider et al. evaluated the
hides for enterohaemorrhagic E. coli (EHEC) on eight hundred beef
cows prior to the removal of the hides on the slaughter floor
(Schneider et al., 2018). Results indicated, that at least one of the
seven EHEC serogroups evaluated was detected on 79% of the hides
sampled, and O145 and O111 being the third and fourth most detected
STEC at the processing facility (Schneider et al., 2018). While these
two STECs may be pathogens of concern at other beef processing facil-
ities in the U.S., STEC O111 and O145 were not prevalent in this study
for any of the sampling methods.

Since the boot swab sampling method has not been extensively
evaluated in the beef industry, there is a need for further research
for the validation of this sampling method when sampling cattle envi-
ronments for the detection and quantification of pathogens. However,
this sampling method seems promising as it has already proven to be
an effective sampling method in the poultry industry. Currently, boot
swabs are commonly used to sample poultry houses for the presence of
Salmonella and Campylobacter, and the use of this sampling technique
has allowed for relatively quick sampling of large areas while still pro-
viding qualitative and quantitative information about microbial loads
in the targeted environment (Mateus‐Vargas et al., 2022). A study by
Mateus‐Vargas et al., compared boot swabs to other sampling methods
to evaluate the efficacy of cleaning and disinfection in poultry houses
and found that boot swabs presented a suitable method to sample sur-
faces in the poultry houses, and theoretically can improve the efficacy
of sampling poultry houses in terms of a larger area being sampled
(Mateus‐Vargas et al., 2022). Additionally, a study by Skov et al.,
tested three different sampling methods and four different sampling
techniques within the poultry houses to detect for Salmonella preva-
lence in broiler flocks. It was determined that the presence of Sal-
monella in broiler flocks can be estimated by the boot swab sampling
method, which was the most attractive sampling method for the pro-
ducers because it reduced the amount of labor spent on sample collec-
tion compared to hand‐picking fecal samples (Skov et al., 1999).

Overall, MicroTally swabs were not an effective sampling method
in the lairage area; however, altering the sampling technique for this
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method to sample a larger area within each pen could potentially make
this sampling method more favorable in future research studies. As a
result, boot swabs were chosen as the ideal sampling method in the
cattle holding pens, the reason being they were proven to be an effec-
tive sampling method to detect Salmonella and STECs in pen floor fecal
material, they are inexpensive, they require very little labor, and this
sampling method would be simple to implement within the beef indus-
try, if proven to be effective.

In conclusion, two of the three sampling methods (fecal pats and
boot swabs) used in this study were effective for detecting Shiga
toxin‐producing E. coli – O26, O45, O103, O121, and O157:H7, while
only boot swabs were effective for detecting Salmonella. Even though
boot swabs were oftentimes a comparable sampling method to fecal
pats, the boot swab sampling method was chosen as the ideal sampling
method for the lairage area since it is a simple and inexpensive sam-
pling method that can sample a large area and easily be implemented
in lairage areas of beef processing facilities to aid in important decision
making. By evaluating the most effective sampling method for the lai-
rage area in a commercial beef harvesting facility, pathogens that are
considered adulterants, E. coli O157:H7 and non‐O157 STECs, or
pathogens of concern, Salmonella, can be effectively monitored. Deter-
mining preharvest pathogen prevalence in the lairage area can also be
helpful in reducing/controlling pathogen levels entering commercial
abattoirs, which is important strategic in‐plant decision‐making,
postharvest.
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Table A.1
Prevalence of Salmonella and Shiga toxin-producing Escherichia coli positive sample
sampling matrices

Rep no. Sampling Methodc Number (%) of Positive Samples

Salmonella O157:H7 O26

1 FP 6 (100) 0 NDd

BS 14 (100) 0 ND
MT 20 (100) 0 ND

2 FP 6 (30) 6 (31.6) 14 (73.7)
BS 17 (89.5) 7 (38.9) 18 (100)
MT 10 (50) 0 8 (42.1)

3 FP 10 (50) 3 (15) 12 (60)
BS 10 (90.9) 3 (27.3) 10 (90.9)
MT 6 (30) 1 (5) 11 (55)

4 FP 15 (75) 15 (75) 19 (95)
BS 20 (100) 16 (80) 19 (95)
MT 20 (100) 7 (35) 15 (75)

5 FP 15 (78.9) 3 (15.8) 18 (94.7)
BS 20 (100) 0 20 (100)
MT 18 (90) 0 10 (50)

6 FP 19 (95) 0 20 (100)
BS 20 (100) 0 18 (90)
MT 19 (95) 0 20 (100)

Total FP 71 (67.6)a 27 (26) a 83 (84.7) a

BS 101 (97.1)b 26 (25.2) a 85 (95.5) a

MT 93 (77.5) b 8 (6.7) b 64 (64.6) b

a-b For each individual pathogen, sampling methods with different letters are sign
Tukey method.

c FP = Fecal Pat; BS = Boot Swab; MT = MicroTally.
d Not Done = ND.
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Appendix A

See Table A.1 and Figure A.1.
s from the lairage area in a commercial beef processing facility using different

O111 O121 O45 O103 O145

ND ND 2 (33.3) 6 (100) 0
ND ND 9 (64.3) 12 (85.7) 0
ND ND 0 6 (30) 0
0 15 (78.9) 7 (36.8) 14 (73.7) 0
0 16 (88.9) 18 (100) 18 (100) 0
0 3 (15.8) 5 (26.3) 8 (42.1) 0
0 17 (85) 17 (85) 7 (35) 0
0 10 (90.9) 11 (100) 11 (100) 0
0 14 (70) 17 (85) 7 (35) 0
0 12 (60) 19 (95) 18 (90) 12 (60)
0 9 (45) 11 (55) 19 (95) 0
0 5 (25) 12 (60) 12 (60) 0
0 15 (78.9) 12 (63.2) 17 (89.5) 1 (5.3)
0 16 (80) 13 (65) 20 (100) 0
0 13 (65) 8 (40) 6 (30) 0
0 15 (75) 18 (90) 17 (85) 0
0 15 (75) 20 (100) 9 (45) 0
0 5 (25) 18 (90) 5 (25) 0
0 74 (75.5) a 75 (72.1) a 79 (76) a 13 (12.5)
0 66 (74.2) a 82 (79.6) a 89 (86.4) a 0
0 40 (40.4) b 60 (50.4) b 44 (37) b 0

ificantly different (p < 0.05) according to pairwise contrasts generated by the



Figure A.1. Basement cattle holding pen diagram of the basement lairage area at a commercial beef processing facility where samples were taken. The blue line
shows the potential flow of cattle during the production day. The red line, located in pen 2, shows how boot swab samples were taken in the cattle holding pens.
The grey circles indicate the pens with drains, which were the pens where the MicroTally swabs were taken. Once the cattle reached pen 1, they entered the
harvesting floor for slaughter.
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