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Background 

Despite intensive research efforts, pre-harvest strategies that substantially reduce E. coli O157:H7 
and Salmonella in cattle have not been identified.  The associations between fecal and hide 
prevalence of the live animal and contamination of the carcass indicate an important role for 
preharvest control of E. coli O157 and Salmonella in cattle toward reducing the risk of contaminated 
product.  In particular, interventions and management practices that reduce hide contamination 
should substantially reduce carcass contamination during processing (Nou et al., 2003; Bosilevac et 
al., 2005).  In addition, successful strategies will include practices that disrupt the cycling of 
pathogens in the cattle production environment and reinfection of the herd.    

The soils at the feedlot pen surface are likely a significant source of pathogens for contamination of 
the hide and may also be an important reservoir for E. coli O157 in cattle production.  Feedlot soils 
are the medium in which bovine feces are deposited and where it collects during the finishing period.  
We have demonstrated that E. coli O157 can persist in feedlot soils over a wide range of moisture 
and manure contents, and that this pathogen can even multiply in these soils when conditions are 
appropriate (Berry and Miller, 2005).  Smith et al. (2001) found higher E. coli O157:H7 fecal 
prevalence among cattle in muddy pens as compared to cattle in pens in a normal condition, 
indicating that the muddy pen soil environments may facilitate the fecal-oral transmission among 
cattle.  In a longitudinal feedlot study, LeJeune et al. (2004) found that a few unique genetic 
subtypes of E. coli O157 persisted in the cattle, despite a large turnover in cattle population, 
indicating that the feedlot environment plays an important role as a source of transmission of this 
pathogen to cattle. 

The proposed experiments were conducted to clarify the role of feedlot soils in the transmission and 
persistence of E. coli O157 and Salmonella 

 in cattle and the production environment, in addition to identifying an alternative feedlot pen 
surface for potential mitigation of hide contamination and reduction of pathogen persistence in 
manures and the production environment.  Pond ash is a low cost byproduct of coal-fired electricity 
generation and provides a hard surface when packed into layers.  This surface is currently being 
examined as an alternative feedlot pen floor surface; benefits include the provision of a solid base 
during wet weather, thus improving footing for cattle, an easier-to -clean surface, and it may 
also provide a cleaner area for cattle to rest in, thus alleviating some of the problems 
associated with muddy pens (dirty animals, loss of traction, stress, and effort expended for 
walking through mud).  In addition to examining target pathogen persistence in the manures 
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from the two different pen surfaces, the levels and survival of generic E. coli were determined, as 
process indicators of how similar enteric Gram-negative pathogens would fare.  The probable 
compositional differences in manures (higher soil content for soil surface vs. higher organic matter 
content for pond ash surface) were anticipated to affect pathogen and fecal bacterial persistence in 
these wastes.  Thus, in addition to reducing hide contamination and persistence of pathogens in 
cattle production, the pond ash pen surface may reduce the risk for pathogen contamination of 
feedlot runoff.  Furthermore, it is likely that the value of the manure from pond ash surfaces will be 
greatly increased over the value of manure from a typical soil surface, due to the lower soil content 
of the manure. 

Studies examining the effects of environmental stressors on shedding of pathogens and other fecal 
bacteria by cattle have identified numerous stresses which may sometimes impact the shedding of 
these bacteria, including transport, weaning, relocation, crowding, confinement, and dietary 
changes.  The impact of heat stress on the prevalence of shedding of E. coli O157:H7 or Salmonella 
was examined in lactating dairy cattle by Edrington et al. (2004), who did not observe a clear effect 
of heat stress.  However, the number of cattle and sampling were limiting, and the magnitude of heat 
stress was measured only by calculation of a temperature-humidity index.  This study described 
herein examined beef cattle, and included multiple microbiological, observational, and physiological 
measurements of the cattle, including measurements that indicated the magnitude of heat stress of 
the individual animals.  Information is needed regarding any potential impact of cattle heat stress 
level, stress risk factors, and/or interactions of these factors on the prevalence or the levels of E. coli 
O157:H7 or Salmonella shed in feces, so that minimization of colonization and shedding of these 
pathogens can be achieved.   

The stated objectives for this work were:  

1)   To determine the effects of feedlot pen surface type (soil vs. pond ash) on the prevalence and 
levels of E. coli O157:H7 and Salmonella spp. in feces and on hides of the penned cattle. 
2)   To determine the effects of animal stress-level on the prevalence and levels of E. coli O157:H7 
and Salmonella spp. in feces and on hides of the penned cattle. 
3)   To determine the effects of feedlot pen surface type (soil vs. pond ash) on the prevalence, levels, 
and persistence of these pathogens in the manure collected from these two types of pen surfaces. 

Methodology 

Facility and pens:   
The study was conducted at the U.S. Meat Animal Research Center (USMARC) feedlot.  A set of 16 
pens were designed for the examination of the effects of shade and surface type (soil vs. pond ash) 
on the performance of individual group-penned finishing cattle.  Eight of the 16 pens (24’ × 68’) 
provide cattle access to shade with a shade structure covering half of the pen (24’ × 34’), while the 
remaining eight pens (24’ × 68’) have no access to shade.  Eight of the 16 pens (four shaded and 
four non-shaded) are surfaced with soil and the remaining eight are surfaced with pond ash.  
Individual feeding behavior is recorded by a feed bunk monitoring system which utilizes electronic 
identification tags that are inserted into the right ear of each animal.  Pens were stocked at a rate of 
eight head per pen, for a total of 128 animals.  Animals were screened for E. coli O157:H7 and 
Salmonella spp. on hides and in feces the week before initiating the experiment.  Animals were 
assigned to pens based upon breed (hide color), weight, and pathogen status. 
 
Sample collection:    
Prior to entry of the cattle, surface material/manure samples from the surfaces of each pen 
were collected and analyzed to determine the prior presence of the target pathogens, as 
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described below.  Cattle were weighed, condition scored (including hide cleanliness), and 
temperament scored on days 0, 28, 56, and 84 of the experiment.  On these same days, fecal, hide, 
and manure samples were collected as follows: 

• Rectal feces grab samples were collected from each animal.   
• Hide samples were collected from each animal using sterile, moistened Speci-Sponges. 
• Separate ca. 500 g samples of feedlot surface material were collected from four different 

areas of each pen.   
 
Sample processing and analyses:  
Both the presence and levels of E. coli O157:H7 and Salmonella spp. were determined in rectal 
feces (10 g) and hide samples (1000 cm2 area) from all animals at each sampling time.    
 
In addition, the levels of generic E. coli in rectal feces samples was determined.  Both the presence 
and levels of E. coli O157:H7, Salmonella spp., and generic E. coli were determined in feedlot 
surface material samples collected from the pen floors (10 g).   
 
E. coli O157:H7 analyses.  The presence of E. coli O157:H7 was determined using enrichment 
conditions developed at USMARC (Barkocy-Gallagher et al. 2002, 2005), immunomagnetic 
separation (IMS), and plating onto CHROMagar O157 containing 5 mg/L novobiocin and 1 mg/L 
tellurite (ntCHROMagar O157) and sorbitol MacConkey agar containing 0.05 mg/L cefixime and 2.5 
mg/L potassium tellurite.  Levels of E. coli O157:H7 were determined by spiral-plating onto 
ntCHROMagar O157 (Brichta-Harhay et al., accepted).    
 
Salmonella spp. analyses.  The presence of Salmonella spp. was determined using enrichment and 
isolation procedures developed previously (Barkocy-Gallagher et al., 2002).  Levels of Salmonella 
spp. were determined by spiral-plating onto XLD agar containing 4.6 ml/L tergitol, 15 mg/L 
novobiocin, and 5 mg/L cefsulodin (XLDtnc; Brichta-Harhay et al., accepted). 
 
Generic E. coli and coliforms analyses.  Levels of generic E. coli and coliforms were determined by 
serial dilution and spiral-plating onto CHROMagar ECC. 
 
Isolate confirmation and PFGE analysis.  Identities of suspect isolates were confirmed using 
standard biochemical, serological, and PCR procedures.  Up to three isolates per positive sample 
were subjected to PFGE analysis.    
 
Pathogen and fecal bacteria persistence in feedlot surface material from pond ash vs. soil pen 
surfaces:   
On days 0, 28, and 56, following the removal of the 10 g samples for initial analyses, feedlot surface 
material (FSM) samples from each pen were pooled and mixed, to give one FSM pool for each pen 
for each sampling day.  The FSM pools were placed in plastic pans, loosely covered, and incubated 
at room temperature (18-22°C) for four weeks.  In order to determine the persistence of the target 
pathogens and fecal bacteria in the FSM, 10 g samples were collected at 0, 1, 2, 3, and 4 weeks for 
determination of presence and levels of E. coli O157, Salmonella spp., and generic E. coli as 
described above.  At the same intervals, samples were collected from each pool for determination of 
pH, moisture/dry matter content, and organic matter content.  In addition to determining pathogen 
and fecal bacteria persistence in manure pools as described, we examined the persistence of these 
bacteria in the FSM on the pens following removal of the cattle from the pens.  Separate ca. 500 g 
samples of feedlot surface material were collected from four different areas of each pen at 
0, 1, 2, 3, 4, and 6 weeks for analyses as described above for FSM pools.    
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Stress observations and risk factor analyses:   
Feedlot heifers of four breeds (hide colors:  red, black, tan, and white) were selected on the basis of 
weight and assigned to pens on the basis of hide color and weight.  On each of days 0, 28, 56, and 
84, animals were weighed, condition scored, and temperament scored.  On a set schedule as 
described by Brown-Brandl et al. (2005), two independent observers took measurements of 
respiration rate and panting score twice daily (0800 and 1500) during at least twelve 5-day periods 
throughout the study. At these same times, standing or lying behavior was also recorded, and 
surface temperatures of the soil and pond ash surfaces were recorded.  Hide cleanliness was 
evaluated and scored for each animal weekly.  Feeding behavior was monitored continuously and 
animal performance and gain was calculated.  Carcass quality data on individual animals was 
collected at slaughter.  This information was used to determine if cattle stress level, stress risk 
factors (previous health, fatness level, hide color, or temperament), or interactions of these factors 
affect either the prevalence or the levels of E. coli O157:H7 or Salmonella spp. shed in feces. 
 
Findings 

Objective 1.  To determine the effects of feedlot pen surface type (soil vs. pond ash) on the 
prevalence and levels of E. coli O157:H7 and Salmonella spp. in feces and on hides of the penned 
cattle. 
Large differences in E. coli O157 prevalence in bovine feces or on cattle hides between clay soil and 
pond ash-surfaced pens were not observed (Table 1).  We hypothesized that less muddy conditions 
on pond ash-surfaced pens may reduce persistence of the pathogen in manure, thereby reducing 
hide contamination and possibly the prevalence of shedding.  Typically, clay-surfaced pens were 
muddier than pond ash pens following large rains, and the cattle in the clay-surfaced pens often 
were dirtier and had more tag than those in pond ash pens (Figure 1).  In addition, prevalence of E. 
coli O157 in feces and hides decreased in cattle on both pen surface types over the course of the 
study, which was conducted from May to August.  This is in contrast to typical prevalence increases 
in cattle reported during the summer and early fall seasons.  As noted above, we did not detect 
Salmonella spp. in any sample type during the study. 
 
For animals in both pond ash and clay-surfaced pens, the decreases in E. coli O157 prevalence were 
paralleled by decreases in the levels of E. coli O157 in feces or on hides in those samples that had 
populations above the levels of detection (Tables 2 and 3). 
 
We also did not observe large differences in E. coli O157 prevalence on hides of cattle in pens with 
and without shade. (Table 4).  Overall, E. coli O157 prevalence in feces was higher (P < 0.05) for 
cattle in pens with shade; however, fecal prevalence in pens without shade was substantial on Day 
28 at 28.1%, and fecal prevalence decreased during the remainder of the study, regardless of the 
provision of shade. 
 
Objective 2.  To determine the effects of animal stress-level on the prevalence and levels of E. coli 
O157:H7 and Salmonella spp. in feces and on hides of the penned cattle. 
Risk factors examined included hide color, condition score, previous incidence of pneumonia, and 
temperament, and stress observations included respiration rate and panting score.  E. coli O157 
fecal prevalence by hide color is shown in Table 5.  On Day 0 of the study, E. coli O157 fecal 
prevalence was higher (P > 0.05) for black and red cattle than for white or tan cattle, but not on Days 
28, 56, or 84, indicating unknown pre-experimental factors unrelated to heat stress risk.  Hide color 
did not affect generic E. coli levels in feces.  In addition, there were no obvious associations between 
the cattle heat stress risk factors of temperament or previous incidence of respiratory 
disease, and E. coli O157 prevalence and numbers or generic E. coli numbers in feces.    
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Among the cattle stress level observations, the incidence of respiration rate of greater than 110 
breaths per minute was significant (P = 0.02) for fecal generic E. coli levels.  However, over the 
entire study period, there was no clear trend between the number of times the respiration rate 
exceeded 110 and fecal generic E. coli levels, indicating that for this measurement, heat stress did 
not affect generic E. coli levels in feces, or E. coli O157 prevalence and numbers in feces. 
 
Objective 3.  To determine the effects of feedlot pen surface type (soil vs. pond ash) on the 
prevalence, levels, and persistence of these pathogens in the manure/feedlot surface material 
collected from these two types of pen surfaces. 
Day 0 feedlot surface material (FSM) samples were collected prior to entry of the cattle into the 
pens.  The initial E. coli O157 prevalence (Table 6) and initial generic E. coli levels (Table 7) in the 
FSM were low.  Thereafter, E. coli O157 prevalence in FSM essentially mirrored that which was 
observed in rectal feces (Table 1).  When E. coli O157 prevalence in feces was high, so was E. coli 
O157 prevalence in FSM, and E. coli O157 prevalence in FSM decreased over the course of the  
6study as seen with feces and hides.  In addition, large differences in E. coli O157 prevalence in 
FSM between clay soil and pond ash-surfaced pens were not observed (Table 6).  Similarly, there 
were no large differences in the levels of generic E. coli in FSM between clay soil and pond ash-
surfaced pens (Table 7).  Furthermore, E. coli O157 prevalence in FSM nor generic E. coli levels in 
FSM appeared to differ between between pens that did or did not have shade (Tables 8 and 9). 
 
Persistence of E. coli O157 (% of positive samples) and generic E. coli (log10 CFU/g) in FSM 
collected on Days 28 and 56 are shown in Table 10.  Differing initial E. coli O157 prevalence in FSM 
collected on the different sample dates makes direct comparison difficult, but in both clay and pond 
ash-surfaced pens, prevalence of the pathogen decreased over the 4-week period, with no apparent 
differences between pen surface type.  In addition, generic E. coli concentrations in FSM decreased 
over time, without clear differences in pen surface type.  Similar results were seen for E. coli O157 
prevalence and generic E. coli levels in FSM collected from the pens in the weeks following the 
removal of the cattle (Table 11).  E. coli O157 was detected sporadically from both pen surface types 
during this six week period, while generic E. coli levels decreased 1.4 and 1.7 log10 CFU/g in FSM 
from clay and pond ash-surfaced pens, respectively. 
 
Implications 
 
Pre-harvest strategies that reduce E. coli O157:H7 in cattle, thereby reducing the prevalence and 
numbers of this pathogen in the final meat product, are an important priority for the beef industry.  
Pond ash, a byproduct of coal-fired electricity generation that provides a hard surface when packed 
into layers, was examined as an alternative feedlot pen floor surface whose use may result in cleaner 
cattle and a reduction in E. coli O157 and Salmonella in cattle and the production environment.  
Large differences in E. coli O157 prevalence and levels in bovine feces, on hides, or in feedlot pen 
surface manure between clay soil and pond-ash surfaced pens were not observed, partially because 
pathogens declined over time in all pens.  Furthermore, E. coli O157 populations survived similarly in 
manures deposited on these two different feedlot pen surfaces.  No associations were detected 
between cattle heat stress risk factors or stress-level measurements and E. coli O157 prevalence or 
numbers in feces. 
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Table 1. E. coli O157 prevalence (%) in feces and on hides at each sampling period. 
 

 
Pen surface type 

Sampling period Sample type Clay Pond Ash 
Day 0 Feces 

Hide 
55.6 
87.5 

59.4 
95.2 

Day 28 Feces 
Hide 

26.6 
68.8 

39.1 
82.8 

Day 56 Feces 
Hide 

9.4 
50.0 

6.3 
39.1 

Day 84 Feces 
Hide 

1.6 
6.3 

6.3 
17.2 

 

 
Figure 1. Cattle on pond ash-surfaced pens (left) and clay-surfaced pens (right) following a large rain. 
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Table 2. Distribution of E. coli O157:H7 population levels in rectal feces at each sampling period. 
 

Surface CFU/g Day 0 Day 28 Day 56 Day 84 
Clay < 200 47 60 61 64 

 200-999 2 1 1  
 1,000-9,999 8 2 2  
 10,000-99,999 5 1   
 100,000-999,999 2    

Pond ash < 200 52 59 63 62 
 200-999 2 3 1 2 
 1,000-9,999 5 2   
 10,000-99,999 3    
 100,000-999,999 0    
 1,000,000-9,999,999 2    

 
 
Table 3.  Distribution of E. coli O157 population levels on hide samples at each sampling period 

Surface CFU/100 cm2 Day 0 Day 28 Day 56 Day 84 

Clay < 40 35 58 62 64 
 40-99 11 5 2  
 100-999 11 1   
 1000-9999 7    

Pond ash < 40 29 61 64 64 
 40-99 13 3   
 100-999 13    
 1000-9999 9    
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Table 4. E. coli O157 prevalence (%) in feces and on hides at each sampling period – pens with and without 
shade 

 
 
 
Table 5.  E. coli O157 prevalence (%) in feces at each sampling period - hide color 

 
 
 
 
 
Table 6. E. coli O157 prevalence (%) in feedlot surface material (FSM) at each sampling period.  FSM samples 
collected on Day 0 were taken prior to moving cattle into the pens 
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Table 7. Generic E. coli levels (log10 CFU/g) in feedlot surface material (FSM) at each 
sampling period – pen surface type FSM samples collected on Day 0 were taken prior to 
moving cattle into the pens 

Pen surface type 

Sampling period Clay Pond Ash 
Day 0 1.43 1.83 

Day 28 5.76 6.06 

Day 56 6.59 6.44 

Day 84 6.40 6.70 

 
 
 
 

Table 8.  E. coli O157 prevalence (%) in feedlot surface material (FSM) at each sampling period – 
pen floor regions with shade (n=16) and without shade (n=48).  FSM samples collected on Day 0 
were taken prior to moving cattle into the pens 

   
Sampling period Shade No Shade 

Day 0 6.3 0 

Day 28 81.3 85.4 

Day 56 6.3 22.9 

Day 84 12.5 0 
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Table 9. Generic E. coli levels (log10 CFU/g) in feedlot surface material (FSM) at each 
sampling period – pen floor regions with shade (n=16) and without shade (n=48). FSM 
samples collected on Day 0 were taken prior to moving cattle into the pens 

   

Sampling period Shade No Shade 
Day 0 2.86 1.22 

Day 28 5.73 5.97 

Day 56 6.54 6.51 

Day 84 6.02 6.72 

 
 
Table 10.  Persistence of bacteria in feedlot surface material (FSM) collected on Days 28 and 56, by 
pen surface type: generic E. coli O157 levels (log10 CFU/g of FSM) and E. coli O157 prevalence (%) 
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Table 11. Persistence of bacteria in feedlot surface material (FSM) following removal of cattle, by pen surface 
type:  E. coli O157 prevalence (%) and generic E. coli O157 levels (log10 CFU/g of FSM)  

Pen surface type 
Clay Pond Ash 

Weeks following 
removal of cattle 

E. coli O157 
(%) 

Generic E. coli 
(log10 CFU/g) 

E. coli O157 (%) Generic E. coli 
(log10 CFU/g) 

0 0 6.40 3.1 6.70 

1 1.6 6.25 0 6.44 

2 1.6 6.69 1.6 6.62 

3 1.6 6.39 0 5.98 

4 0 6.04 1.6 5.88 

 


