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Background 

Beef producers have invested over $20 million since 1993 to improve beef safety via development 
and validation of interventions, as well as changes in sampling and testing procedures (National 
Cattlemen’s Beef Association, 2003b). The top ten beef packers have spent $400 million in the last 
decade to address E. coli O157:H7 contamination of beef by use of processing-level microbiological 
interventions (Kay, 2003). Points of Focus for the Producer Sector, to reduce the prevalence of E. 
coli O157:H7 associated with market-ready cattle, as identified at the E. coli Summit meeting 
(National Cattlemen’s Beef Association, 2003b) included: (a) Maintain present Good Management 
Practices (GMP) of clean feed, clean water, clean pens and clean cattle, (b) Evaluate adoption of 
interventions or GMP that have been scientifically validated, and (c) It is critical for the industry to 
maintain open communication and share data regarding pre-harvest interventions and GMP. 

Harvest decontamination interventions (usually applied in multiple-hurdle systems) are more 
efficacious if the proportion of incoming cattle with E. coli O157:H7 on their hides is reduced. Cattle 
can be a reservoir for E. coli O157:H7 (Chapman et al., 1993) and these organisms can be 
transferred from hide to meat during slaughtering/dressing (Sofos et al., 1999) such that hides of 
animals being harvested can be a significant source of contamination of resulting carcasses (Riddell 
and Kerkeala, 1993; Bell, 1997; Sofos et al., 1999; Byrne et al., 2000; McEvoy at al., 2000). 
According to Ransom et al. (2003), carriage of E. coli O157:H7 on pre-evisceration carcasses was 
7.1% if pre-harvest fecal prevalence was less than 20%, versus 12.5% if pre-harvest fecal prevalence 
was greater than 20%. Cattle hides may become contaminated with E. coli O157:H7 from feedlot 
pen floors (Dewell et al., 2003), contact between animals after departure from the farm (Tutenel et 
al., 2003), floors of lairage pens, or the stunning-box floor (Avery et al., 2002; Small et al., 2002, 
2003). 

Several studies have examined causality of carcass contamination at steps in the harvest process 
(Grau, 1987; Gill et al., 1996a, b; Bell, 1997; Gill and McGinnis, 1999), but such studies do not 
directly link sources with the introduction of specific organisms in terms of contamination events 
(Barkocy-Gallagher et al., 2001). Pulsed-field gel electrophoresis (PFGE) genotyping is used most 
notably by the Centers for Disease Control and Prevention, among others, to track sources of 

E. coli O157:H7 outbreaks. 

Barkocy-Gallagher et al. (2001) were the first to use PFGE genotyping to track E. coli O157 on 
carcasses and in the slaughter environment and characterized the isolated E. coli O157 strains by 
use of PFGE in order to detect contamination routes. In the latter study, molecular 
characterization of E. coli O157:H7 (PFGE profiles and Stx types) was used to later 
determine that hide-to-hide contamination after departure from the farm seemed to be a 
major transmission route (Tutenel et al., 2003). 
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The stated objectives for this work were: 

As a prelude to identifying potential pre-harvest interventions, determine the origin (feedlot, transport 
trailers, packing-plant holding pens, or self-contamination from feces) of E. coli O157:H7 contamination 
on steer/heifer hides at the time of harvest. 

Methodology 

Samples were collected from July 2004 to February 2005 from three commercial feedlots in the 
Midwestern region of the United States that transport cattle to two beef packing facilities located in 
the Upper Midwest (travel distance of 1096, 766, and 25 miles, respectively), and from three 
commercial feedlots located in the Southwestern region of the United States, shipping cattle to one 
beef packing facility also located in the Southwestern region of the United States (travel distance of 
37, 255, and 37 miles, respectively). For each lot of cattle (defined as 1 feedlot shipment; N = 8), 
sets of ten pre-harvest environmental, hide and colonic sample types were collected as follows: (1) 
feedlot pen floor sample composite, (2) feedlot pen water sample composite, (3) feed bunk and feed 
composite sample composites, (4) loading chute sample composite, (5) transport truck trailer wall 
and floor composite, (6) holding pen sample composite at beef plant, (7) plant pen water sample 
composite, (8) restrainer samples, (9) hide samples, and (10) corresponding colons. Sample sets 
were collected until at least 25 E. coli O157:H7 positive hides were confirmed as positive (using 
biochemical means) for each of the Midwestern (N = 25) and Southwestern regions (N = 65). 
 
Feedlot pen sample collection. On the day of, or the day before, to shipment of cattle to the packing 
plant, researchers traveled to selected feedlots and collected samples for microbiological 
characterization. Each feed bunk was sampled by aseptically swabbing a large area of the actual 
feed bunk with a hydrated sterile sponge (HydraSponges™, Biotrace International, Bothwell, WA) and 
collecting feed samples in sterile cups in a representative fashion. Water tanks in each pen were 
sampled by swabbing the exterior of the trough and the tank ball if applicable (trough stand not 
included) with a hydrated, sterile sponges (HydraSponges™, Biotrace International, Bothwell, WA). 
Water samples also were collected by submersion of a hydrated sterile sponge into the water tank. 
All sponges were placed back into their respective sterile bag, excess air was removed, and they were 
placed in a foam cooler with icepacks. Pen floor samples were collected aseptically by a researcher 
using a sterile tongue depressor and sterile cup. Each fecal and dirt composite sample represented 
a large area of pen floor. 
 
Loading Chute and Truck Trailer Sample Collection. Loading chutes and the associated alley were 
sampled at each feedlot immediately before loading the first truck trailer of selected cattle. If more 
than one loading chute was used, both were sampled and results were combined as a collective 
loading chute sample. Hydrated sterile sponges (HydraSponges™, Biotrace International, Bothwell, 
WA) were used to sample large areas of loading chute walls and railing. Sterile tongue depressors 
and sterile cups were used to aseptically collect composite dirt and fecal samples. Before cattle 
loading, the upper deck, lower deck, and the back of trailers at the point of initial cattle entry were 
sampled. All samples were collected similarly at each trailer location, in each individual trailer. Trailer 
walls were sampled with a single hydrated sterile sponge (HydraSponges™, Biotrace International, 
Bothwell, WA) at each location within the trailer (upper deck, lower deck, back) by swabbing large 
areas of the walls, comprising a representative wall sample for each location. If visible floor 
contamination was present, trailer floor samples were collected in a similar fashion, using a sterile 
tongue depressor and sterile cup to aseptically collect a representative trailer floor sample from the 
top deck, bottom deck, and back of each trailer. A general summary of each trailer condition 
also was recorded and trailers were ranked against one another regarding trailer condition at 
each sample-collection time. 
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Plant holding pen sample collection. Immediately before cattle unloading, hydrated sterile sponges 
(HydraSponges™, Biotrace International, Bothwell, WA) were used to swab the railing, walls, gates, 
and pillars associated with all holding pens that would receive research cattle. If present, 
representative fecal material and associated pen bedding was collected into sterile cups from each 
holding pen floor. Hydrated sterile sponges (HydraSponges™, Biotrace International, Bothwell, WA) 
were used to swab a large portion of the actual water trough in each holding pen, as well as any fecal 
contamination attached to the trough. Hydrated sterile sponges also were used to collect water, by 
submersion of the entire sponge in water tank for ~10 sec. All sponges were placed back into sterile 
bags after sample collection; excess air was removed, the bag was labeled with pen number 
and sample type, and then bags were placed, along with labeled fecal cups, in a foam cooler with 
ice packs until shipping. 
 
Harvest floor sample collection. Hide samples were collected from randomly selected cattle at a 
location in each plant directly before hide removal. Hide samples were collected using an individual, 
sterile sponge from a large area (500 cm2) of hide at the withers region on the dorsal midline by 
sponge swabbing with 20 strokes (up and down comprising one stroke) up and down and side to 
side, using pressure enough to remove dried blood. Each sampled carcass was labeled with a paper 
tag and sanitized shroud pin at the brisket area with the carcass sample number, identical to the 
sample number on the hide sample bag. At evisceration, these tags were removed by plant personnel 
and placed with the corresponding internal organs. After USDA inspection, colons from tagged 
carcasses were collected. Selected colons were severed from the digestive tract at the 
rectoanalmucosal (RAM) junction (Rice et al., 2003), and placed, along with the carcass tag, in a 
labeled WhirlPak bag. Excess air was removed and the bag was closed if possible and placed into a 
knotted bung bag. Corresponding colons were cooled (~4°C) prior to shipping. 
 
Microbiological analysis. Prior to shipping, all samples were cooled to 4°C, and packed along with 
frozen ice-packs into insulated shipping boxes. Aside from colons, which were cooled overnight before 
shipping, all other sample shipments were sent overnight for microbiological analysis at Food Safety 
Net Services, San Antonio, TX. Upon arrival at the laboratory, the temperature of each shipping 
container was measured and recorded. Any samples exceeding 4°C were discarded due to 
temperature abuse. Intact colons were dissected, and the mucosal membrane of the colon was 
vigorously swabbed with a hydrated sterile sponge (HydraSponge, Biotrace International, Bothwell, 
WA) which was then allowed to incubate in Tryptic Soy Broth (TSB; Biotrace International, Bothwell, 
WA) at 37°C for 24 hours. Following the USDA-MARC method, detection of E. coli O157:H7 in all 
samples was conducted according to the procedure in Barkocy- Gallagher et al. (2002).  A 10 g aliquot 
of fluid was taken from each sample bag and suspended in 90 g TSB incubated for 2 h at 25°C, 
followed by 6 h at 42°C, and then overnight at 4°C. After incubation, 20 μl of anti-E. coli O157 
Dynalbeads (Dynal Laboratories, Lake Success, NY) and 100 μl 0.05% protamine (Sigma, St. Louis, 
MO) were added to 1 ml aliquots and incubated again for 30 min on a rocker at room temperature 
(24 ± 2°C). 
 
Initial biochemical analysis of presumptive isolates included cellubiose, triple sugar iron (TSI) slants, 
and motility tests. Following initial biochemical analysis, presumptive isolates were then screened 
with and O and H antigen agglutination test (RIM E. coli O157:H7 Latex test, Remel, Lenexa, KS) and 
each primary E. coli O157:H7 isolate from each sample also was subjected to additional biochemical 
testing, including VITEK analysis (bioMerieux, Durham, NC), triple sugar iron (TSI) reaction, Cellibiose 
reaction, and further, each isolate was checked for motility using motility medium. Once confirmation 
testing was complete, isolates were stored in a 20% glycerol- TSB solution and frozen, pending 
molecular characterization testing. 
 
Molecular characterization of recovered E. coli O157:H 7 isolates. Multiplex Polymerase Chain 
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Reaction (PCR) of known Escherichia coli O157 gene targets (Gannon et al., 1997; Wang et al., 2002) 
and Pulsed-Field Gel Electrophoresis (PFGE) of restricted genomic DNA were used to identify 
recovered isolates. 
 
Multiplex PCR. Each isolate was subjected to each of three multiplex PCR procedures, using different 
primers for amplification as follows: 1) for Shiga toxin genes 1 and 2 (stx1 and stx2) per Wang et al. 
(2002); 2) For enterohemorrhagic E. coli (EHEC) enterohemolysin (hlyA), E. coli somatic antigen O157 
(rfbEO157), and E. coli structural flagella antigen H7 (fliCH7) per Wang et al. (2002); and 3) for intimin 
specific for E. coli O157:H7 (eaeAO157) per Gannon et al. (1997). All reactions included a primer set 
for the 16S rRNA gene for E. coli to control to serve as an internal control per Wang et al. (2002). 
 
DNA was prepared from each E. coli O157:H7 isolate evaluated using the Instagene System (Bio-Rad, 
Hercules, CA). After cycler programs were complete and samples had cooled, 2μl of sample was 
mixed with 1μl 10xbluejuice (Invitrogen, Carlsbad, CA), and added to a 100 ml 1xTBE buffer:1g 
agarose (Certified PCR Agarose, Bio-Rad, Hercules, CA) gel covered by 80 ml 1xTBE buffer. A 20 well 
comb was used to cast each PCR gel; therefore, 15 samples, 3 lambda ladder wells, one positive 
control, and one negative control was run on each PCR gel for 1 hr at 80v. After electrophoresis, gels 
were removed from buffer stained for 30 min with ethidium bromide, and de- stained for 20 min. The 
gel was then removed from the destaining solution and placed in Gel Doc EQ (Bio-Rad, Hercules, CA) 
for ultraviolet photo imaging. Exported gel images were analyzed using the QuantityOne (Bio- Rad, 
Hercules, CA) software program. 
 
Pulsed-Field Gel Electrophoresis. A 3.0 McFarland (Remel Colormeter Standards kit, Lenexa, KS) 
turbidity solution of isolate cells suspended in Cell Suspension Buffer (CSB; 1.0 M NaCl, 10 ml 1.0 M 
Tris [Sigma, Desienhofen, Germany], pH 7.6) was added in a 1:1 ratio to a 50°C 1.6% Low Melt 
Agarose (Bio-Rad, Hercules, CA) and CSB solution. After gentle pipette mixing, the solution was added 
to disposable 10mm x 5mm x 1.5mm plug molds (Bio-Rad, Hercules, CA), and chilled at 4°C for 20 
min. After chilling, plugs were removed from the mold and placed in 4 ml ESP buffer (0.5 M EDTA 
[Bio-Rad, Hercules, CA], 1% Sodium Lauroyl Sarcosine [Sigma, Desienhofen, Germany] , 0.5mg 
Proteinase K [Sigma, Desienhofen, Germany]) and incubated at 50°C in a shaking waterbath 
overnight. After 24 h incubation, expired ESP was removed  and replaced with an additional 4 ml ESP 
buffer; and incubation was allowed to continue in a  shaking  waterbath overnight at 50°C. After 
incubation, ESP buffer was removed and replaced with 5 ml TE buffer (10 mM Tris [Bio-Rad, Herculs, 
CA], 0.1 mM EDTA [Bio-Rad, Hercules, CA]) and incubated in a shaking waterbath at 37°C for 30 min. 
TE buffer was removed and replaced; this wash was repeated 4 times. 
 
Plugs were then added to 400μl sterile H20, and 40μl 10X reaction buffer (Roche, Indianapolis, IN) 
in a 1.5 ml centrifuge tube, and incubated at 4°C overnight. After incubation, the original sterile 
H20:10X reaction buffer solution was removed and replaced, and incubation was allowed to continue 
at room temperature (24 ± 2°C) for an additional 4 h. After incubation, 6μl of XbaI (Roche Molecular 
Biochemicals, Indianapolis, IN) restriction enzyme was added to each centrifuge tube and incubated 
in a dry incubator at 37°C overnight. To stop the restriction reaction, the sterile H20:10X reaction 
buffer and restriction enzyme solution were removed and enough TE buffer as added to each 
centrifuge tube to cover the restricted plug; then the samples were allowed to incubate in this buffer 
for 1 h at 37°C.  
 
After incubation, restricted plugs were added to a solidified (30 min solidification interval) 1% Pulsed-
Field Certified Agarose (Bio-Rad, Hercules, CA) and 0.5X TBE buffer (Tris-Borate EDTA Buffer 
[Sigma, St. Louis, MO]) gel by insertion of individual plugs into formed wells. The gel was then 
placed into 2L of 0.5X TBE buffer at 14°C in the electrophoresis chamber of the CHEF Mapper 
PFGE System (Bio-Rad, Hercules, CA). Each electrophoresis was performed according to the 
following parameters: 1) gradient 6.6 V/cm; 2) 120° Angle; 3) initial switch time of 2.16 sec; 
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4) final switch time of 54.17 sec; 5) linear ramp factor; and, 6) run time of 20 hours. After 
electrophoresis was complete, the gel was removed and placed in a shaking ethidium bromide stain 
solution for 30 min, and de-stained in purified water for 15 min. The gel was then removed from the 
destaining solution and placed in Gel Doc EQ (Bio-Rad, Hercules, CA) for ultra-violet photo imaging. 
Exported gel images were analyzed by the FingerPrinting II software program (Bio-Rad, Hercules, CA). 
 
Findings 

After extensive confirmatory testing (USDA-FSIS MLG, 2002), all remaining isolates were 
genetically characterized with three Multiplex-PCR protocols (Gannon et al., 1996; Wang et al., 
2002) as well as Pulsed-field gel electrophoresis (PFGE). Using Multiplex-PCR, all isolates were 
examined for known E. coli O157 gene targets identifying isolates that posses the capability to 
produce Shiga Toxins 1 and 2 (Stx1) and (Stx2), enterohemorrhagic E. coli hemolysin (EHEC hylA), 
the gene which encodes for the E. coli O157 serotype (rfbE) (Wang et al., 2002), the E. coli 
flagellum H7 serotype (fliC), and the eaeA gene which is responsible for the production of intimin 
and is involved in attaching and effacing adherence (Gannon et al., 1996; Wang et al., 2002). 
 
Multiplex-PCR data results were analyzed by filtering all Shiga Toxin (Stx) negative isolates into a 
separate excel folder, and calculating an overall prevalence for all recovered isolates as well as for 
Stx producing isolates only, for each location. Of the 322 isolates analyzed, 213 (66.14%) were 
positive for one or both Stx toxins. A total of 235 (92.98%) isolates possessed the eaeA gene, 217 
(67.39%) possessed the hylA gene, 270 (83.85%) isolates tested positive for the O157 serotype 
rfbE and 220 (68.32%) possessed the H7 motility fliC gene, although all isolates passed a 
biochemical motility confirmatory test. Although the validity of not considering Shiga Toxin negative 
(-stx) isolates as O157:H7 is disputed (Beugue et al., 1998), all isolates were confirmed (USDA-
FSIS MLG, 2002) as E. coli O157:H7 by trained laboratory personnel. 
 
Therefore, all E. coli O157:H7 prevalence values will be reported for microbiologically and 
chemically confirmed O157:H7 isolates (MCC), as well as a separate prevalence value for 
genetically confirmed O157:H7 isolates (GC) using Multiplex-PCR. Overall, both MCC and GC 
Escherichia coli O157:H7 isolates were recovered from feedlot pen floors, feedlot pen water tanks, 
feed bunks, transport truck trailers, plant holding pens, plant holding pen water tanks, hide 
samples and associated colons (Table 1).  
 
Three generalized types of feedlot environments were observed during sample collection. Four 
feedlots (Facilities A, B, C, and D) practiced water tank and feed bunk cleaning at periodic 
intervals, used electrical cattle prods infrequently, removed sick animals daily from community 
pens, and staff was not overly aggressive during handling. One feedlot (Facility E) stood apart from 
the other feedlots in that the feedlot staff had been educated regarding proper cattle handling 
procedures, one loading chute was used for cattle entry into the feedlot and a separate chute was 
used to load cattle out of the facility, no electric cattle prods were allowed on the premises, pen  
water tanks were cleaned continually (1-3 cleanings/week), feed bunks also were cleaned 
frequently,  a licensed veterinarian observed pens daily for sick animals, and cattle were moved 
from feedlot  pens to the loading area immediately before transport truck arrival. Another feedlot 
(Facility F) used electrical cattle prods frequently and animals were removed from pens by roping 
and dragging behind feedlot horses, fecal material could be observed in feed bunks and water 
tanks, water tanks were surrounded by mud and wet organic matter due to leaks in plumbing, a 
large percentage of cattle had not been dehorned, and cryptorchid animals also were present. 
There were differences in the overall prevalence of E. coli O157:H7 positive hide samples, 
as well as positive feedlot environmental samples collected from these yards. Three 
distributions of cattle feeders were categorized as Good (Facility F), Average (Facilities A, B, 
C, and D) and Poor (Facility E). There was a higher prevalence of E. coli O157:H7 positive 
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hide samples at “Poor” vs. “Average” and “Good” feedlot facilities. The prevalence of hide positives 
also was higher at “Average” vs. “Good” feedlot facilities. Prevalence of hide samples which tested 
positive for E. coli O157:H7 at “Good”, “Average”, and “Poor” facilities were 9.65%, 19.55%, and 
43.56%, respectively (Table 2). The prevalence of colon samples which tested positive “Good”, 
“Average” and “Poor” facilities was 0%, 29.69% and 9.09%, respectively. This data reinforces 
current concern that feedlot GMPS be maintained (National Cattleman’s Beef Association, 2000b) 
practicing proper bunk and water source management, leading to cleaner cattle. It should also be 
noted that travel distance from feedlot to packing facility varied greatly as well. Travel distances for 
each feedlot category were 37 mi (Good), 25, 255, 766, and 1096 mi (Average) and 37 mi (Poor), 
respectively (Table 2). 
 
Pulsed-field gel electrophoresis (PFGE) was used to further evaluate the genetic relatedness of E. 
coli O157:H7 isolates recovered from hides, associated colons and companion samples. Molecular 
characterization is used by the Centers for Disease Control and Prevention and is the center of the 
PulseNet system, which reviews and documents nationwide human pathogen outbreaks 
(Swaminathan et al., 2001). The DNA-fragment patterns created by specific restriction enzymes 
allow genetic similarities and differences between isolates to be visualized (Swaminathan et al., 
2001). These characteristics can be fitted into an equation used to characterize a degree of 
relatedness between epidemiologically related isolates.  
 
In this research, isolates were digested, using the XbaI restriction enzyme (Roche, Indianapolis, 
IN), a genetic product of Xanthomonas badrii. Although the use of single enzyme digestion prior to 
PFGE is not always considered to be adequate to determine genetic and epidemiological 
relatedness (Gupta et al., 2004), when there is a considerable likelihood that isolates are 
epidemiologically related, the use of a single restriction enzyme may be adequate to effectively 
evaluate genetic relatedness of isolates (Davis et al., 2003). Although the Dice coefficient Tenover 
et al. (1995) recommends that isolates with ≥7 differences between band patterns be considered 
different from one another. Isolates within each lot of the present study were compared to one 
another and isolates with pattern comparisons with a ≥7 band differences were filtered out of the 
data, leaving only isolates with a 0-6 band pattern difference relationship with one or more other 
isolates in the same lot. According to Tenover et al. (1995), isolates with 0 band differences are 
considered to be “indistinguishable”, pattern comparisons with 2-3 different bands are “probably 
related”, and 4-6 different bands between two compared isolate patterns are “possibly related”, if 
≥40 visible bands are available for comparison between the two isolate patterns. 

 
Pulsed-field gel electrophoresis was conducted, and restricted band patterns were created for 322 
isolates of these, 134 (41.61%) expressed an “indistinguishable”, “probable” or “possible” 
relationship with one or more isolates when compared within the same sample collection lot. Of 
these 134 relationships, 26 will not be discussed further, as these isolates were cultured from the 
same sample and no transfer of the organism was necessary to produce this relationship. A total of 
108 relationships existed between isolates cultured from different samples. Of these 108 
remaining isolate relationships, 91 involved a relationship between a hide-derived isolate and/or a 
colon- derived isolate and pathogenic contamination found at an environmental location (feedlot, 
transportation, or packing plant) or another hide or colon sample (cross-contamination) (Figure 1). 
Nine HDI expressed 0-1 band (indistinguishable) differences when compared with another isolate 
cultured from a sample from the same collection lot. Of these 9 relationships, 3 (33.33%) were 
with CDI of different carcasses, and 6 (66.66%) were with other HDI of different carcasses (Figure 
2). Twenty-nine HDI expressed a 2-3 band (probable) difference when compared to another 
isolate cultured from a sample of the same collection lot. The 29 HDI relationships existed 
between (3.45%) 1 feedlot pen derived isolate, (3.45%) 1 transport truck trailer derived 
isolate, (6.90%) 2 plant holding pen derived isolates, (6.90%) 2 loading chute derived 
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isolates, (13.79%) 4 CDI and (65.52%) 19 HDI cultured from different hide samples (Figure 3). The 
29 HDI relationships expressing a 4-6 band (possible) difference when compared, were between 
(3.45%) 1 plant pen derived isolate, (6.90%) plant water tank derived isolates, (6.90%) 2 transport 
truck trailer derived isolates, (10.34%) 3 CDI, (13.79%) 4 feedlot pen derived isolates and 
(58.62%) 17 HDI cultured from different hide samples (Figure 4).  
 
Therefore, according to the data collected during this research, multiple feedlot locations, 
transportation trailers and packing plant holding facilities all contributed to hide contamination. 
Data collected during this research also confirm that self- and cross-contamination type isolates 
contributed to pathogenic cultures recovered from cattle hide at the time of slaughter. Feedlot, 
transportation, and plant holding facility type samples expressed similar relationships at a 
“probable” 2-3 band difference when compared to HDI in this research; therefore, the ability of all 
three locations to transfer pathogenic contamination to hides to pre-harvest cattle is of concern. 
Like hides, it appears that during this research, feedlot, transportation and plant holding facility 
locations contributed to pathogenic colon derived-isolates found at the time of slaughter. Ten CDI 
expressed a 0-1 band (indistinguishable) difference between (1.11%) 1 loading chute derived 
isolate, (1.11%) 1 transport truck trailer derived isolate, (2.22%) 2 feedlot pen derived isolates, 3 
(33.33%) HDI, and 3 (33.33%) CDI cultured from different samples (Figure 2). A total of 11 CDI 
expressed a 2-3 band (probable) difference when compared to 4 (36.36%) HDI and 7 (63.64%) 
feedlot pen derived isolates (Figure 3). Eleven CDI expressed a 4-6 band (possible) difference 
when compared to 1 (9.10%) plant holding pen isolate, 1 (9.10%) CDI, 3 (27.27%) HDI and 6 
(54.54%) feedlot pen derived isolates (Figure 4). 
 
Additional relationships between isolates collected from feedlot pen locations (floor, water tank 
and feed bunk) were examined, as well as the relationship between isolates cultured from  feedlot 
pen samples and loading chute samples. Interestingly, none of the isolates recovered from feedlot 
water tanks (n = 3) or feedlot feed bunks (n = 2) expressed less than a 7 band difference when 
isolate band patterns were compared to feedlot pen isolates, and were considered to be different. 
Using the Tenover et al. (1995) interpretation of relatedness, loading chute derived isolates 
contributed to pathogenic contamination found on hides directly before hide removal. Four of 
these isolates could be traced back to a 0-1 band comparable difference (25.00%), a 2-3 band 
comparable difference (50.00%), or a 4-6 band comparable difference (25.00%) with feedlot 
penderived isolates. Also, relationships were expressed between isolates cultured from samples 
that, upon initial analysis, did not have an epidemiological association (i.e. a relationship between 
isolates cultured from feedlot pen samples and transport trailer samples). This research shows a 
“possible” (3 band difference) relationship between one feedlot feed bunk-derived isolate and one 
transport truck trailer-derived isolate, as well as two pairs of feedlot pen-derived isolates and 
transport truck isolates (5 and 6 band differences, respectively). However, matching bands do not 
always contain homologous genetic material (Davis et al., 2003), given that it is possible for 
genetically different restriction fragments to travel similar distances. There were also proposed 
relationships (2, 4, and 5 band differences, respectively) between 3 pairs of feedlot-derived 
isolates when compared to plant holding pen isolates. Although this improbable relationship could 
also be explained by non-homologous fragments at the same molecular weight distance, a number 
of these cattle feeding facilities used packer-owned transport trailers to haul cattle to the packing 
facility. These trucks haul cattle from similar feeders continually during the year, and there is 
potential for a dominant feedlot E. coli O157:H7 strain to establish itself in a plant holding pen 
environment if a sanitary atmosphere is not maintained. 
 
Escherichia coli O157:H7 isolates (n = 322) were recovered from feedlot pens, feedlot water 
tanks, feedlot feed bunks, loading chutes, transport truck trailers, plant holding pen floors 
and fence, plant water tanks, cattle hides and associated colons (Table 1). After PFGE 
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analysis, individual libraries of restricted banding patterns were created for each (N = 8) sample 
collection lot. Genetic relatedness was then tested within each lot. Isolate entries from the data 
base were selected for comparison and a Dice similarity coefficient was used [2h/(a + b); with h as 
the number of similar bands, and (a + b) as the total N of comparable bands between two isolate 
restriction band patterns], a binary coefficient that measures the similarity based upon common 
and different bands. Unweighted pair groups were selected using arithmetic averages as the 
dendrogram type, (1.50%; pattern length and change toward end of fingerprint 0.00% (program 
default), optimization 0.00% (program default)). Once a dendrogram was created for each sample 
collection lot, the Multiplex- PCR data of each isolate in a cluster was inserted and reviewed 
(Dendrogram 1). Although the Multiplex-PCR results may differ for clusters of isolates that were 
found to be similar using Dice coefficients derived from the comparison of PFGE restriction band 
patterns, PFGE is designed to restrict chromosomal DNA only, at specific locations, producing an 
overall percentage of complete chromosomal genetic relatedness. Multiplex-PCR is an entirely 
different assay, in which very specific gene markers located on both chromosomal and plasmid 
DNA are detected and amplified. Of the specific gene markers identified during this research, it is 
possible that certain gene markers possessed by each isolate could have been associated with 
plasmid DNA, especially enterohemolysin gene (hlyA) which is plasmid-encoded (Bacon and Sofos, 
2003), and would not have been linked  with PFGE restriction band pattern homology or Dice 
coefficient derived percentages of  relatedness. Therefore, since all four molecular characterization 
methods used have been well published and validated (Wang et al., 2002; Gannon et al. 1996; 
Swaminathan et al., 2001), and genetic events are expected to occur (Tenover et al, 1996); the 
results of this study were applicable. Isolates possessing greater than 80% relation restricted band 
patterns were analyzed at 80%, 90%  and 95% relatedness within lot. Of the initial 322 isolates, 
223 (69.25%) possessed banding patterns that were at least 80% related to one or more isolates 
of the same collection lot. The 223 isolates were of feedlot pen (17.49%), feedlot pen water tank 
(0.90%), feedlot feed bunk (0.45%), loading chute (4.03%), transport truck trailer (6.73%), plant 
holding pen (2.70%), hide (51.57%) and associated colon origin (16.14%). Relationships between 
these 223 isolates were then analyzed at 80%, 90% and 95% banding pattern relatedness to the 
other isolates collected within similar sample type isolates (hide vs. hide) and against other sample 
type isolates (hide vs. feedlot pen) of the same collection lot (n = 8) (Table 4). Of the 223 isolates, 
genetic relatedness results were discarded for all isolates cultured from the same sample (n = 35, 
15.70%). These isolates will not be discussed as there was no means by which transmission of the 
pathogen could occur for similar isolates of the same sample. A total of 188 (84.30%) isolates 
expressed at least an 80% genetic relatedness to one or more isolates cultured from different 
samples within the same collection lot. 
 
In this research, pathogenic hide contamination can be traced back to feedlot pens, transport 
trailers and packing plant holding facilities at an 80% genetic relatedness, or greater. There were a 
total of 132, 38, and 21 genetic relationships at 80%(Figure 5), 90% (Figure 6) and 95% (Figure 7) 
relatedness, respectively, between hide derived isolates (HDI) and plant holding pen water tank- 
derived isolates, plant holding pen floor/fence-derived isolates, feedlot pen floor-derived isolates, 
transport truck-trailer derived isolates, loading chute-derived isolates, other HDI cultured from 
different samples and colon derived isolates. Similar to hide contamination, the origin of 
pathogenic CDI could also be traced back to feedlot pen, transport trailer and packing plant holding 
facility contamination. There were a total of 49, 18 and 14 genetic relationships expressed at 
80%(Figure 5), 90% (Figure 6) and 95% (Figure 7) between colon derived isolates (CDI) and other 
CDI cultured from different colons within the same lot, transport truck trailer-derived isolates, 
loading chute- derived isolates, feedlot pen floor-derived isolates and HDI from within the 
same sample collection lot. 
 
Overall, at 80%, 90%, and 95% genetic relatedness, HDI could be traced back to the initial 
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feedlot environment (28, 21.21%; 3, 7.89%; and 1, 4.76%, respectively) (including pen floor, water 
tank and loading chute), transport truck trailers (12, 9.09%; 0; and 0, respectively), the plant 
holding facility (5, 3.79%; 2, 5.26%; and 0, respectively) (including plant holding pen and pen water 
tanks) 
and cross-contamination (87, 65.91%; 33, 25.00%; and 20, 15.15%, respectively) from the hides 
and colons of other animals or carcasses, respectively. At an 80%, 90% and 95% genetic 
relatedness, CDI could be traced back to the initial feedlot environment (24, 48.98%; 5, 27.78%; 
and 3, 21.42%, respectively), transport truck trailers (7, 14.29%; 5, 27.78%; and 4, 28.57%, 
respectively) and cross-contamination (18, 36.73%; 8, 44.44%; and 7, 50.00%, respectively) from 
the hides and colons of other animals or carcasses, respectively. 
 
No CDI expressed an 80% or greater degree of genetic relatedness to any isolates cultured from 
plant holding pen environment samples. Using the Dice similarity coefficient, valid relationships 
were shown between HDI and/or CDI and feedlot, transportation, and plant holding facility-derived 
E. coli O157:H7 isolates, as well as extensive self- and cross-contamination relationships. 
Although not all sample type isolates cultured during this research were shown to be genetically 
related to HDI or CDI, or only slight relationships may have occurred, the fact that isolates were 
recovered from these sample types cannot be discounted. 
 
As an aside to this project, transport truck trailer condition was recorded at the time of sample 
collection. Documented trailer condition ranged from new to excessively dirty; therefore, four 
categories of trailer condition were created. “Very Clean” trailer condition ranged from new, to 
adequately washed and dry, with no visible organic material present; “Moderately Clean” trailer 
condition was defined as poorly washed with little or no dry organic matter on floors and walls; 
“Moderately Unclean” trailer condition was defined as 1-2 previous loads post-wash, excessive dry,  
or moderate wet organic matter present on floors and walls; and “Very Unclean” was defined as any 
trailer having hauled 3+ loads post-wash, with excessive amounts of wet organic matter present on 
trailer walls/floors. A total of 15 isolates were recovered from 7 (38.89%) of the 18 trailers that 
were sampled. These 7 E. coli O157:H7 positive trailer samples were collected from 1 (14.29%) 
“Very Clean” trailer, 4 (57.14%) “Moderately Clean” trailers, 1 (14.29%) “Moderately Unclean” 
trailer, and 1 (14.29%) “Very Unclean” trailer, respectively. In that, 71.43% of the trailers from 
which E. coli O157:H7 isolates were cultured were considered “Very Clean” or “Moderately Clean”; 
this data should lead to the further investigation of current trailer cleaning and sanitation practices. 
A plausible explanation for the large number of clean trailers that tested positive for pathogenic 
contamination could be the lack of competitive organisms found at the clean trailer sample site. It 
may be necessary to more efficiently remove organic matter from, and sanitize trailers, that appear 
to be fairly clean. 
 
Overall, given that HDI and CDI expressed a genetic relationship by comparing restriction pattern 
band differences (Tenover et al., 1995) and also by using the Dice similarity degree-of- relatedness 
coefficient, to isolates cultured from feedlot, transportation and plant holding sample types, all 
locations should be considered areas of potential pathogenic hide contamination that may lead 
easily to contamination of carcasses and beef products. 
 
Implications 
 
According to this research, all of these environmental sites, except feed bunks, were responsible 
for the deposition of pathogenic E. coli O157:H7 isolates found on cattle hides and/or in 
cattle colon samples collected at the time of slaughter. Due to the fact the fact that samples 
collected from all three environmental locations considered in this location were cultured for 
the presence E. coli O157:H7 organism, and/or were responsible for the transfer of the 
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organism onto the hides of post-harvest cattle, each of these locations (feedlot, transport trailers 
and packing plant holding facilities) must be considered a probable site for the transfer of 
pathogenic hide contamination that may lead easily to contamination of carcasses and beef 
products. 
 
 
 
Table 1. Total N and Prevalence of Escherichia coli 0157:H7 samples both microbiologically and chemically 
confirmed (MCC) (USDS-FSIS MLG, 2002), as well as genetically confirmed (GC) using Multiplex-PCR. No. of 
Isolates refers to the total MCC number of isolates recovered from all positive samples of each sample type as 
well as, N of isolates that expressed ≥ 80% genetic relatedness to one or more isolates from the same sample 
collection lot.  

Sample Type Total No. 
Positives: 
MCC, GC 

Total No. of 
Each Sample 
Type 

Prevalence of E. 
coli O157:H7 
(MCC), (GC) 

No. of Isolates 
Recovered 

No. of Isolates 
that Expressed 
an 80% or 
Greater 
Genetic 
Relationship 
with One or 
More Isolates 

Feedlot pen 11.9 14 (78.57%)(64.29%) 45 39 
Feedlot water 
tank 

1.1 14 (7.14%)(7.14%) 3 2 

Feed bunk 1.1 14 (7.14%)(7.14%) 2 1 
Loading chute 
swab 

2.2 9 (22.22%)(22.22%) 14 9 

Truck trailer 7.7 18 (38.89%)(38.89%) 19 15 
Plant holding 
pen 

4.3 20 (25.00%)(15.00%) 11 6 

Plant water 
tank 

2.2 20 (10.00%)(10.00%) 5 0 

Hides 90.51 423 (21.28%)(12.06%) 175 115 
Associated 
colons 

17.13 96 (17.71%)(13.54%) 48 36 

Total    322 223 
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Table 2. Feedlots used in this research were divided into “Good”, “Average” and “Poor”, based upon overall 
good management practices and animal health care and handling. No. of hide and colon sample Escherichia 
coli 0157:H7 positives, as well as individual lot and total category E. coli O157:H7 prevalence. Miles traveled 
lists the distance between each feedlot and packing facility.  

 Good Average Poor 
 Lot 1 Lot 2 Total Lot 3 Lot 4 Lot 5  Lot 6/7 Total Lot 8 Total 
Miles 
Traveled 

37 37  225 25 766 1096  37  

N Hide 
Positives 

6 1 7 16 4 7 14  44  

Hide 
Prevalence 

18.18% 1.11% 9.65% 20.25% 16.66% 17.07% 25.45% 19.55% 43.56% 43.56% 

Colon 
Positives 

0 0 0 5 2 0 8  4  

Colon 
Prevalence 

0% 0% 0% 31.25% 50.00% 0% 33.33% 29.69% 9.09% 9.09% 
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Dendrogram 1. The dendrogram and Dice similarity coefficient used to calculate % of genetic 
relatedness associated with Lot 8 of sample collection.
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Figures 1-4. Tenover et al., (1995) defines 0-1 band difference between restricted pulsed-field gel 
electrophoresis pattern comparison as “indistinguishable, a 2-3 band difference as “probably related”, a 4-6 
band difference as “possibly related” and a band comparison difference of ≥ 7 bands as different. Hide derived 
Escherichia coli 0157:H7 isolates (HDI) and colon derived Escherichia coli 0157:H7 isolates (CDI) expressed 
all four types of relationships (Tenover et al., 1995) with isolates cultured from other sample types. The 
relationships of HDI:HDI and CDI:CDI are between isolates cultured from different samples, and are considered 
cross-contamination.  
 

 
Figure 1. No. “Indistinguishable” Relationships 
 
 

 
Figure 2. No. “Probable” Relationships 
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Figure 3. No. “Possible” Relationships 
 
 

 
Figure 4. No. Total Relationships 
 
 
Figures 5-7. Degree of genetic relatedness was calculated by fitting the results of each isolate restricted 
pulsed-field gel electrophoresis band comparison into a Dice Similarity Coefficient [ 2h/(a=b); where h is the 
no. of same bands, and (a + b) is the total no. of comparable bands] with all other isolates of the same sample 
collection lot. Reported in the figures below, is no. hide-derived isolates (HDI) and colon derived-isolates that 
expressed an 80% (Fig. 5), 90% (Fig. 6), or (95%) genetic relatedness to a feedlot, transportation or plant 
holding facility derived isolate  
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Figure 5. No. of Relationships at 80% Genetic Relatedness 
 

 
Figure 6. No. Relationships at 90% Genetic Relatedness  
 
 
 

 
Figure 7. No. of Relationships at 95% Genetic Relatedness  
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