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Background 

E. coli O157:H7 has recently emerged as an important food safety pathogen, being responsible for a 
significant number of cases and deaths every year in the US (CDC, 2000). Healthcare costs 
associated with treatment of infection are considerable, and add to costs associated with 
prevention, control and surveillance of E. coli O157-mediated disease (WHO, 1998). Because cattle 
are considered the primary reservoir for E. coli O157:H7 and consumption of beef is recognized as 
the principal source of infection in humans, it also represents a serious threat to consumer 
confidence and trade in beef products. The USDA, through the National Ground Beef Monitoring 
Program, has declared E. coli O157:H7 an adulterant of raw meat, thus adopting a zero-tolerance 
regulatory position (Wachsmuth et al., 1997). While aspects of the epidemiology of E. coli O157:H7 
in livestock populations have been elucidated, many critical gaps in our knowledge remain. Key 
among these are reasons for the degree of individual and group-level variation in E. coli O157:H7 
excretion. Some trends in excretion have been associated with the age of cattle, diet, season and 
type of production system, although the underlying factors and mechanisms ultimately regulating 
excretion are unknown. Factors at the host level are likely to play a large role. One important factor is 
likely to relate to the potential for cattle to become colonized with E. coli O157:H7.  
 
Until recently, there was no evidence for a true E. coli O157:H7 “carrier” state in cattle, although 
some form of colonization of the gastrointestinal tract (GIT) must occur in order for cattle to harbor 
and excrete E. coli O157:H7 for periods >24 hours and at fecal concentrations greater than that 
exposed to (Freter, 1981; Tarr et al., 2000). Mechanisms and dynamics of GIT colonization by E. coli 
O157:H7 have been studied and a range of bacterial and host-related colonization factors 
discovered, although most relate to human pathogenesis. Relatively little is known about how E. coli 
O157:H7 inhabit the bovine gut, though more recently, some putative adhesins and receptors have 
been described (Baehler and Moxley, 2000; Stevens et al., 2002). While most studies on bovine E. 
coli O157:H7 epidemiology have centered on the incidence or prevalence of fecal shedding, it is 
likely that the concentration of cells excreted by individual cattle is at least as important. Most cattle 
that excrete E. coli O157:H7 appear to do so at low-moderate levels, i.e. concentrations <103 CFU/g 
(Omisakin et al., 2003; Ogden et al., 2004). While such cattle may appear to be important 
contributors to E. coli O157:H7 risk based purely on prevalence determination (especially using 
highly sensitive detection methods such as immunomagnetic separation, which detect very low 
concentrations of cells in samples), excretion of low numbers of E. coli O157:H7 is less likely to lead 
to significant carcass contamination at slaughter, or to transmission to other cattle pre-slaughter.  
 
The stated objectives for this work were:  

1. To determine the prevalences and quantitative levels of RAJ colonization among 
individual cattle and assess the respective degrees of pen to pen variation.  

2. To determine if the E. coli O157:H7 status of cattle within a pen is related to the of 
individual high-level RAJ-colonized cattle within that pen.  



 

3.  To determine if RAJ swabbing represents a more sensitive means of identifying E. coli 
O157:H7 positive cattle prior to slaughter.  
 

Methodology 

The sampling component of the study was conducted at Lakeside Feeders, Alberta, Canada under 
the direction of Dr. Janice Berg and Robert Stilborn. Though principally a commercial feedlot, 
Lakeside maintains a research and laboratory facility. Cattle were introduced into the feedlot at 
approximately 800 lbs in weight, and apart from the sampling procedures, were fed, managed and 
slaughtered in a manner typical to commercial feedlot practice. Cattle were randomly assigned to 20 
pens with eight head per pen without matching or blocking. Pen assignment occurred three days 
prior to sampling, which commenced on July 14th. The start of sampling was delayed due to new 
requirements for import permits from USDA following the identification of the initial case of BSE in 
Canada. Cattle were individually sampled twice per week. Two samples were collected from each 
subject; a fecal sample (10 g collected into sterile containers from freshly passed manure) and a 
recto-anal swab (using vigorous mucosal surface swabbing of the rectal area 5 cm within the anus 
using sponge-tipped swabs). Swabs were placed in transport medium and samples shipped at 4°C 
within 24 hours to the FDIU laboratories. One shipment (from samples collected August 5th) was 
delayed sufficiently by USDA import inspectors that the samples were considered unusable and were 
discarded. Four subjects were withdrawn from the study (two on 09/11, one on 09/25 and one on 
10/06 2003) due to behavioral/personnel safety issues. Data on cattle pulled and treated for 
medical reasons, including use of antimicrobials, were recorded, however samples were collected 
from treated animals. As the project proceeded, Lakeside personnel were not provided with data or 
other information that might allow them to identify possible super-shedders, so as to eliminate 
sampling bias.  
 
At the FDIU laboratories, fecal samples were decimally diluted in tryptone soy broth (TSB) and plated 
onto sorbitol MacConkey agar plates containing cefixime (50 ng/mL) and potassium tellurite (2.5 
μg/mL), (SMAC-CT; Remel, Lenexa, KS) and incubated at 37°C for 18-24 h. All sorbitol negative 
colonies were counted and a representative subset of colonies (typically five from each plate) 
confirmed as E. coli O157:H7 through lactose fermentation (growth on standard MacConkey Agar), β-
D-glucuronidase activity (fluorescent colonies under UV light when cultured on 4-methylumbelliferyl-
β-D-glucuronide (MUG)-containing MacConkey agar), O and H antigen latex agglutination (Oxoid, 
Ogdensberg, NY), and PCR using primers specific for stx (confirm Shigatoxigenic gene presence), eae 
(attaching and effacing genotype) and fliC (H7 flagellar gene) (Hu et al., 1999). Final counts were 
calculated based on the count of sorbitol-negative colonies multiplied by the proportion of sorbitol-
negative colonies being confirmed as E. coli O157:H7 multiplied by the dilution factor. RAJ swabs 
were placed in 100 mL TSB and vortexed for 60 s before being diluted, plated, and counted as per 
fecal samples. Where appropriate, CFU/swab counts were converted to CFU/g swab material counts 
by multiplying by 0.242 g, the mean weight of material absorbed by swabs. Generic E. coli counts 
were performed by serially diluting samples and direct plating onto VRB-MUG (violet red bile agar 
containing MUG reagent; VWR International, West Chester, PA.) and counting typical E. coli colonies. 
All E. coli O157:H7 isolates were banked at -80°C in 30% phosphate-buffered glycerol and 
lyophilized for future characterization and reference. Statistical methods are described for respective 
analyses in the results section. Unless specified otherwise, data was analyzed with pen, not 
individual animals, as the basic unit of analysis.  
 
A subset of isolates were subjected to pulsed field gel electrophoresis (PFGE) in order to 
assess genetic identity and examine epidemiological relationships between strains. Isolates 
were chosen in order to compare:  
 



 

• within-pen and between-pen variation in strains; to assess pen-pen variation in E. coli 
O157:H7 strains in order to address Objective 1.  

• longitudinal shedding patterns for a given animal and its respective pen-mates; to assess 
temporal and time-on-feed associations with E. coli O157:H7 excretion. 

• super-shedder strains with strains from in-contact cattle both in the same pen and in 
different pens to the super-shedder; to assess if super-shedder strains match strains from 
pen-matched in-contact cattle more than non-pen-matched in-contact cattle, in order to 
address Objective 2.  

• RAJ and fecal strains from the same animal on the same sampling date; to determine if fecal 
strains and RAJ strains are related, as would be predicted and in order to address Objective 
3.  

 
PFGE was performed with Xba1 restriction enzyme using standard methods (Böhm and Karch, 1992) 
augmented by PulseNet (CDC) standard marker strains and restriction parameters. Bands were 
resolved using a CHEF DR II system (Bio-Rad, Hercules CA), and gel images digitally stored using the 
Syngene Gene Genius Bioimaging System (Synoptics, Cambridge, UK). Profiles were analyzed using 
Bionumerics software (Applied Maths, Sint-Martens-Latem, Belgium) with position tolerance and 
optimization parameters set at 1% each.  
 
At the completion of RAJ/fecal sampling, a subset of cattle were followed to the slaughterhouse (on-
site at Lakeside Feeders) and a range of additional samples collected by FDIU personnel. Cattle 
sampled included five suspected super-shedders (tag (pen) numbers 40 (7); 101 (3); 113 (8); 154 
(12); 156 (7)) and five non-shedding cattle (tag (pen) numbers 8 (10); 10 (7); 39 (3); 51 (8); 111 
(12)), based on preliminary data available at this point in the project. Non-shedding cattle from pens 
identified as housing super-shedders were preferentially selected. Samples were collected at the gut 
floor of the slaughterhouse. The terminal rectum was dissected out, marked for future orientation, 
and divided longitudinally in half, with one half fixed in formaldehyde and the other half preserved in 
liquid nitrogen. RAJ sections were transported back to the FDIU laboratories. Microbiological 
swabbing of rectal mucosa (for E. coli O157:H7 and generic E. coli counts) and collection of samples 
from other sections of the gastrointestinal tract at slaughter were not possible due to potential 
slaughter line logistics disruption and plant-safety issues. Punch biopsies (5 mm diameter) from 
formalin-fixed tissues were collected from specific areas within the rectal mucosa. These 
corresponded to two rows running sagitally across the surface of the bisected rectum. One row was 
at the exact level of the recto-anal junction (as visualized), and the second row approximately 1.5-2 
cm proximal to the RAJ. Five biopsies were collected from each row corresponding to dorsal, dorso-
lateral, lateral, latero-ventral and ventral aspects of the rectum, as oriented in the living animal. 
Biopsies were submitted to the Washington Animal Disease Diagnostic Laboratory (WADDL) for 
histopathological processing and examination by a consulting veterinary pathologist for evidence of 
bacterial colonization of mucosal epithelium. 
 
Findings 

Prevalences and quantitative levels of RAJ colonization among individual cattle and pen to pen 
variation.  E. coli O157:H7 prevalences for RAJ and fecal samples for each sampling date are 
summarized in Figure 1. Both RAJ and fecal prevalences at the commencement of feeding and 
sampling (07/21/03) were 5.6% and 6.9% respectively. These increased to peaks of 21.3% and 
15.0% respectively by August (August 25th and 28th respectively) and declined thereafter until the 
end of the feeding period. This temporal/time-on-feed trend for E. coli O157:H7 fecal 
prevalence has been noted previously (van Donkersgoed et al., 1999; Hancock et al., 2001). 
Although the precise mechanisms for this phenomenon are unknown, the late summer peak 
in E. coli O157:H7 excretion by cattle is thought to relate to greater levels of environmental 



 

survival and reproduction, allowing increased pathogen maintenance and transmission. The current 
research indicates that the same temporal trend exists for RAJ prevalence in feedlot cattle. 
Generally, the pattern of RAJ prevalence closely matched that for fecal prevalence, though at a 
higher level of prevalence. The exception to this was at the commencement of feeding (July 21st and 
24th), when fecal prevalence exceeded RAJ prevalence. A similar temporal trend was noted for the 
percentage of pens that were E. coli O157:H7 positive, i.e. a pen where at least one animal was 
positive on a given sampling date (Figure 2). Again, this proportion was initially relatively low (35% 
and 40% for RAJ and fecal samples respectively at 07/21/03), and peaked in late August at 80% for 
RAJ and 70% for fecal samples, before declining to the time of slaughter.  
 
Similarly, the prevalence of RAJ positive pens was higher than the prevalence of fecal-positive pens, 
except at the commencement of feeding. Mean E. coli O157:H7 concentrations on a CFU/g basis for 
RAJ and fecal samples for each sampling date are represented in Figure 3. Though considerable 
variation in mean RAJ and fecal counts existed over the sampling period, overall the concentration 
remained at approximately the same level (means of 1.1 X 104 and 1.6 X 103 CFU/g respectively).  
 
Pen E. coli O157:H7 prevalences, averaged over the entire feeding period, ranged greatly; from 1.5% 
(pen 20) to 26.4% (pen 7) for RAJ samples, and from 0.9% (pen 13) to 19.0% (pen 7) for fecal 
samples (Table 1, Figure 4). Pen to pen variation for both RAJ and fecal prevalence was significant (P 
<0.001; GLM procedure). Pens greatly varied also with respect to the percentage of pens E. coli 
O157:H7-positive. Such variation has been noted in previous feedlot studies, and has important 
ramifications in terms of control of E. coli O157:H7 at the time of slaughter, i.e. a minority of pens 
demonstrating high levels of E. coli O157:H7 prevalence may be disproportionately responsible for 
the majority of carcass contamination. If mechanisms for this variation can be identified, 
interventions that reduce pre-slaughter carriage and excretion of E. coli O157:H7 may be developed. 
Data generated in response to the next objective may at least in part explain reasons for this 
phenomenon. Some variation was noted between pens with respect to E. coli O157:H7 counts for 
RAJ and fecal samples, though pen-to-pen differences were not significant. This was the case if only 
E. coli O157:H7-positive cattle sample concentrations were analyzed. When mean pen 
concentrations included non-shedding cattle, pen prevalences for both RAJ and fecal samples did 
vary significantly. This is likely a reflection of higher numbers of cattle in a particular pen being 
positive for E. coli O157:H7, in addition to higher individual concentrations. An interesting finding 
was that pen prevalences for E. coli O157:H7 were correlated to each other on a temporal basis. 
Figure 5 is a matrix of correlation coefficients for mean pen RAJ prevalences on each sampling date. 
These correlations are highest for proximal sampling dates, and decline as samples are collected 
further apart in time. This effect is noted for both RAJ and fecal samples (Figure 6). This suggests 
that pen prevalences for E. coli O157:H7 are labile over time, and that to provide the best indication 
of risk for carcass contamination based on pen-level excretion, samples need to be collected close 
(within 3-6 days) to slaughter.  
 
Comparison of RAJ swabbing to fecal sampling as a means of identifying E. coli O157:H7 positive 
cattle prior to slaughter. A very strong correlation existed between mean pen RAJ and fecal 
prevalences for E. coli O157:H7 (R2 = 0.9424, P <0.001; Proc GLM, SAS)(Figure 7). Therefore, it 
appears that RAJ swabbing provides a good estimate of E. coli O157:H7 fecal excretion status. Mean 
RAJ E. coli O157:H7 prevalence was 11.0% (Table 1). This was significantly higher than the fecal 
sample mean prevalence, which was 6.6% (P <0.001; Wilcoxon Signed Rank test). These results 
indicate that RAJ swabbing represents a more sensitive means of detecting an E. coli O157:H7-
positive animal, and a more accurate estimation of E. coli O157:H7 prevalence. Similarly, 
the percentage of pens housing an E. coli O157:H7 animal was significantly higher when RAJ 
swabs were used to determine E. coli O157:H7 status (55%) as compared to fecal samples 
(34%)(P <0.001; Wilcoxon Signed Rank test) (Table 1). This suggests that RAJ swabbing is a 



 

more accurate means of determining if a pen contains an E. coli O157:H7-positive animal than fecal 
sampling. The percentage of sampling dates positive for E. coli O157:H7 detection was also 
significantly higher based on RAJ sampling (data not shown). While RAJ swabbing appears to be 
more sensitive for determining an animal’s, pen’s or time point’s E. coli O157:H7 status, this must 
be balanced with the increased time and technical difficulty of taking swabs as compared to simply 
collecting feces from the ground. However, RAJ swabbing does ensure that representative cattle in a 
group can be individually sampled, as opposed to collecting random fecal pat samples and dealing 
with the inherent risks in assuming they represent the cohort that produced them (Clough et al., 
2003).  
 
The median E. coli O157:H7 concentration for RAJ samples (1.2 X 104 CFU/g) was approximately 10 
times higher than that for fecal samples (1.3 X 103 CFU/g), which was a significant difference (P 
<0.001; Wilcoxon Signed Rank test)(Table 1). As per prevalence differences, this suggests that RAJ 
swabbing represents a more sensitive means of detecting an E. coli O157:H7-positive animal, as 
higher concentrations at the sample site provide a greater likelihood of detection. The distributions 
of counts differed between samples (Figure 8). Fecal counts followed a log-linear trend, whereby the 
number of animals excreting a given concentration of E. coli O157:H7 in their feces declined linearly 
as the concentration (expressed as log10 CFU/g) increased. This pattern of shedding - suggesting 
that animals excreting high concentrations of E. coli O157:H7 are relatively uncommon - has been 
noted in other recently published research (Omisakin et al., 2003; Ogden et al., 2004) as well as in 
preliminary data generated by our own lab (Dale Hancock – personal communication). Distribution of 
RAJ concentration, however, followed a log-normal distribution, centered around the median level of 
shedding. Reasons for this discrepancy remain to be determined, but it is likely to involve a complex 
dynamic between colonizing E. coli O157:H7 cells at the RAJ and those free in the lumen of the gut 
that are subsequently passed in the feces. These should be considered as separate compartments 
that E. coli O157:H7 inhabit within the gastrointestinal tract.  
 
The ecology of E. coli O157:H7 within the intestinal tract of cattle appears to differ to that of generic 
E. coli. Counts of generic E. coli were performed for RAJ and fecal samples, and compared to 
respective E. coli O157:H7 counts (Figure 9). Generally, for both fecal and RAJ samples, the ratio of 
E. coli O157:H7:E. coli was very low at the start of sampling, i.e. E. coli O157:H7 were uncommon as 
compared to E. coli cells. As sampling proceeded, the ratios for both samples increased, indicating 
that E. coli O157:H7 became more established both at the RAJ and in feces compared to 
background E. coli levels. RAJ E. coli O157:H7:E. coli ratios were generally higher than fecal ratios; 
mean ratios for RAJ and fecal samples were approximately 150 and 1500 respectively. In other 
words, the concentration of E. coli O157:H7 relative to background E. coli levels were 10X higher at 
the RAJ than in feces, suggesting that preferential colonization by E. coli O157:H7 occurs at the RAJ. 
This finding supports the conclusions of Naylor et al. (2003), and strengthens the hypothesis that the 
RAJ is an important niche for E. coli O157:H7 colonization and associated fecal excretion. At the 
commencement of sampling, ratios for both fecal and RAJ samples were low, and fecal ratios were 
higher than RAJ ratios, in contrast to the general trend. It is interesting to speculate on reasons for 
this, and if this relates to perturbations in prevalence and concentration values for fecal versus RAJ 
samples at this time. It is possible that factors such as large-scale, rapid diet changes, mixing of 
cattle and associated stresses at the start of feeding lead to instability of the gut flora or other 
physiological changes that modulate E. coli O157:H7 colonization and excretion.  
 
Association of E. coli O157:H7 status of cattle within a pen to presence of a super-shedder within 
that pen. Parameters for defining super-shedders were derived by examining RAJ 
colonization data towards the completion of the sampling phase. For the purposes of this 
study, a super-shedder was defined as any animal:  
 



 

• with a RAJ E. coli O157:H7 prevalence > 33.3% over the sampling period  
• with >4 consecutive RAJ samples positive for E. coli O157:H7 (i.e. at least two weeks 

continual shedding at some point during feeding) 
• with a mean RAJ swab concentration >103 CFU over the sampling period.  

 
All three criteria had to be met to qualify an animal as a super-shedder. Pens housing a super-
shedder were defined as super-pens. RAJ and fecal data were then compared between super-pens 
and non-super-pens. Data for the super-shedders themselves was excluded from analysis, i.e. RAJ 
colonization and fecal excretion data for cattle in contact with the super-shedders was compared to 
that for cattle not exposed to a super-shedder. Parameters for comparison included RAJ prevalence, 
fecal prevalence, RAJ count, mean fecal count, and total fecal count. Mean fecal count refers to the 
average fecal concentration for animals within a given pen, and total fecal count was the product of 
both mean fecal count and fecal prevalence, i.e. an estimation of the total number of E. coli 
O157:H7 excreted by each animal in a pen. Wilcoxon signed rank tests were used for statistical 
comparisons. Data was also examined based on a number of different defining criteria for super-
shedders. Although summary results and statistical associations varied to some degree, the basic 
findings under various super-shedder definitions were as per below.  
 
Based on the defining parameters, four super-shedders were identified among three pens. These 
were: tag numbers 101 (pen 3), 88, 156 (pen 7), and 113 (pen 8). Summary statistics for super-
pens and non-super-pens, and results of statistical comparisons are presented in Table 2. Mean RAJ 
and fecal prevalence for super-pens were around twice that for non-super-pens. These represented 
highly significant differences (P ≤ 0.001). Mean RAJ and fecal E. coli O157:H7 counts were also 
higher for pens containing super-shedders, though this difference was only significant for RAJ count. 
Total fecal counts were several orders of magnitude higher in super-pens compared to non-super-
pens. This finding suggests that super-shedders exist as a definable entity, and appear to be 
associated with the level of E. coli O157:H7 excretion of the other cattle that share a pen with them. 
The obvious explanation is that the presence of a super-shedder in a given pen provides a greater 
potential for transmission to in-contact pen-mates and sustained shedding by the whole group, 
although this causative association needs to be confirmed in future studies. Super-shedders appear 
to occur fairly rarely in cattle populations; only four were noted among 160 cattle in this study based 
on the current definition. Although cattle that excrete large numbers of E. coli O157:H7 persistently 
are relatively rare, they contribute the vast majority of total E. coli O157:H7 cells excreted in a given 
cattle population (in this case, a given feedlot pen) or over a given time period by sheer weight of 
numbers excreted. This is particularly evident when considering the total fecal count data differences 
between super and non-super pens, which becomes even greater when the excretion data for super-
shedders themselves are included. This has particular relevance when considering the total E. coli 
O157:H7 “burden” that will be placed on the food chain at the point of slaughter. Cattle within 
certain pens (those housing super-shedders in the case of this study) provide a much greater risk for 
potential carcass contamination or transmission of E. coli O157:H7 to other cattle.  
 
Analysis of the super-shedder status of a pen and E. coli O157:H7 fecal excretion status for that pen 
is summarized in Table 3. Some cattle were identified as being E. coli O157:H7-negative throughout 
sampling. Crude odds ratios calculated from the contingency table indicate that such an animal was 
approximately five times more likely to have been in a non-super-pen than a super-pen. This was a 
statistically significant association (P < 0.05) and suggests that cattle that are unexposed to a super-
shedder are less likely to be E. coli O157:H7 positive. Based on data from this study, identification of 
super-pens has a reasonably good positive predictive value (89%) for determining the E. coli 
O157:H7-shedding status of cattle within that pen. However, sensitivity was low (17%), 
indicating that super-pen identification could not be relied on to detect all pens housing E. 
coli O157:H7-positive cattle. These findings may provide the basis for an intervention 



 

strategy that aims to identify super-shedders and their associated pens in order to infer the E. coli 
O157:H7 shedding status of their pen-mates (or vice versa, identify low-risk pens for E. coli O157:H7 
excretion/burden). Knowledge of which pens and which cattle represent high and low risks for E. coli 
O157:H7 excretion could allow specific management practices and/or treatments that aims to 
reduce the probability of carcass contamination at slaughter or of transmission to other cattle, 
thereby reducing prevalence and further E. coli O157:H7 burden in the production setting. 
Treatments envisaged might include selective antimicrobial treatment for super-shedder or in-
contact cattle (including topical RAJ medications), use of competitive exclusion products or other bio-
engineered colonization niche disrupters, or targeted vaccine application. Vaccines could be 
developed that are specifically directed at colonization at the RAJ. Management practices may 
include segregation of super-shedder individuals and or pens, and/or application of specialized 
slaughter practices for identified super-shedders and in-contact cattle, e.g. slaughtered last prior to 
cleaning/disinfection cycles, exclusion from slaughter, increased care and hygiene applied for 
slaughter and processing of these specific animals.  
 
PFGE Results  
PFGE was used to compare the genetic identity of selected isolates in order to demonstrate 
epidemiological associations relating to RAJ colonization and fecal excretion. RAJ isolates were 
compared to fecal isolates from samples from the same animal on the same sampling date. Figure 
10 exemplifies such a comparison for isolates from an individual animal. Of 30 such available 
comparisons, 20 (67%) demonstrated 100% identity. Of the remaining 10 non-identical isolates, six 
differed by one band (>97% identity) and two by 2 bands (>95% identity). This indicates that for the 
most part, E. coli O157:H7 strains passed in the feces are closely related to those colonizing the RAJ, 
and that the RAJ is the likely source of most fecal strains. Excretion of more than one clonal type of 
E. coli O157:H7 by an individual animal is not unusual, and would explain the non-matched isolates 
that occurred. Slight genetic changes can occur in strains over time or during passage through the 
gut that may be responsible for minor differences in banding patterns (Tenover et al., 1995; Akiba et 
al., 1999). Comparison of isolates from consecutive samples from an individual animal over the 
feeding period support this. The majority of longitudinal isolates were identical, though slightly 
different isolates (one to two bands difference, suggesting clonal shifts over time) were also 
apparent. Totally different isolates were also present occasionally, with variant excretion patterns 
that suggested that isolates predominant in an animal or pen at the beginning of feeding were 
replaced by novel predominant isolates later. Figure 10 provides an individual example – comparing 
isolates from July to those from later months.  
 
E. coli O157:H7 isolates appear to be pen-associated, as indicated by the clustering of PFGE pattern 
types by pen. This can be determined by simple visual inspection of pattern clustering (Figure 11), 
and on more specific analysis of pattern matching within pens (Table 4). Although animal #59 (pen 
15) was not strictly classified as a super-shedder by the final defining parameters, it was very close 
to the classification and was therefore included for PFGE comparisons in order to provide additional 
data. Most isolates within pens were identical or very similar (one band different) and most pen 
isolates fell within a small number of types. This, along with the strong inter-pen differences in 
prevalence described above, supports the concept that feedlot pens act as essentially independent 
units with respect to E. coli O157:H7 epidemiology (Khaitsa et al., 2003; LeJeune et al., 2004). 
Specific types were shared across pens in some instances, indicating that pen-pen transmission of E. 
coli O157:H7 occurred, perhaps through contamination of environmental materials (dust, feed, 
animal handlers) that are then disseminated across pens. It’s also possible that prior to pen 
allocation, animals that co-mingled and shared strains continued to harbor these common 
isolates once assigned to different pens. Isolates from super-shedders were compared to 
isolates from cattle in direct contact with the super-shedder (cohorted cattle within the same 
pen) and with no direct contact (non-cohorted cattle in separate pens) (Table 5, Figure 11).  



 

In most instances, a significantly higher proportion of isolates from super-shedders were identical 
and/or closely related to isolates from cohorted cattle the than from non-cohorted cattle isolates. 
Based on the high prevalence, bacterial count and persistence of colonization and excretion of 
super-shedders (as described above), it seems likely that they are the principal source of E. coli 
O157:H7 in a feedlot pen. Matched isolates for cohorted cattle within the pen are likely to have been 
derived from the super-shedder, either via direct cattle-cattle transmission or via environmental 
contamination. This supports the hypothesis that the presence of a super-shedder within a feedlot 
pen influences the excretion of other cattle within that pen. Again, further research is needed to 
prove a causative association, i.e. that the super-shedders are directly responsible for higher levels 
of in-contact cattle infection.  
 
Post-slaughter histopathological results  
The principal objective of this component of the project was to demonstrate E. coli O157:H7 
colonization of the RAJ of super-shedder cattle, and a corresponding lack of colonization of non-
super-shedder cattle. RAJ specimens from two super-shedder cattle (Tag numbers 101, 156) with 
the highest RAJ E. coli O157:H7 prevalence, concentration and persistence characteristics were 
selected for initial investigation. Examination of hemotoxylin and eosin (H and E) tissue sections for 
animal 101 revealed no obvious bacterial cell association with the rectal mucosa at any of the 
specific locations biopsied. Further sections were cut from processed blocks and submitted for 
Giemsa staining, which typically highlights bacterial cells (at the expense of reduced tissue detail). 
Bacterial cells were still not evident.  
 
Examination of H and E and Giemsa stained sections from animal 156 demonstrated small numbers 
of bacillus-shaped bacterial cells loosely associated with focal regions of the rectal mucosa. Based 
on the lack of firm identification of potential E. coli O157:H7 colonizing cells for these sections and 
technical limitations imposed towards the completion of the project, immunohistopathological 
staining and examination of these sections was not pursued. The lack of success in visualizing 
colonizing cells was not unanticipated. Although it is likely that extensive colonization of super-
shedder RAJ occurred, finding the typically localized foci of adherence based on examination of 
limited cross-sections of mucosa is often hit or miss due to the minimal surface area of mucosa 
examined using this method. Examination of a much greater number of sections from the already 
collected biopsies, from further biopsies from the original samples, and use of other staining 
techniques may be necessary to effectively demonstrate E. coli O157:H7 cells in situ. Scanning 
electron microscopic examination of the mucosal surface may also be more rewarding in 
demonstrating adherent cells, as a greater surface area can be examined for each section. Such 
studies are beyond the scope of this project and were not pursued at this time. It is anticipate that 
this will be undertaken in the near future, and both frozen and formalin-fixed tissues have been 
archived at the FDIU laboratories for this purpose. 
 
Implications 
 
E. coli O157:H7 RAJ colonization correlated to fecal excretion, and genetic fingerprinting indicated 
that RAJ and fecal strains were linked. Significant pen-pen variation in RAJ and fecal prevalence was 
observed, and genetic fingerprinting indicated that E. coli O157:H7 within feedlot pens are more 
similar than isolates from different pens, suggesting that pens act as independent units with respect 
to E. coli O157:H7 epidemiology. Levels of E. coli O157:H7 colonization and excretion among cattle 
were significantly higher if there was a super-shedder in their pen, and isolates from super-shedders 
and their pen-mates were closely related. Super-shedders appear to play an important role 
in influencing the excretion of E. coli O157:H7 by feedlot cattle. RAJ swabbing was a more 
sensitive means of determining an animal’s or pen’s E. coli O157:H7 status than fecal 
sampling. Identification of super-shedders may be the basis for management strategies and 



 

specific interventions aimed at minimizing carcass contamination at slaughter and bovine 
transmission of E. coli O157:H7 pre-slaughter. 
 
 

 
Figure 1. Mean RAJ and fecal E. coli O157:H7 prevalences for each sampling date. Error bars represent 
confidence intervals based on standard errors of the mean. 
 
 

 
Figure 2. Percentage of E. coli O157:H7 positive pens based on RAJ and fecal samples for each 
sampling date. 
 
 



 

 
Figure 3. Mean E. coli O157:H7 count for RAJ and fecal samples for each sampling date. Error bars represent 
confidence intervals based on standard errors of the mean. 
 
 
 

 
Figure 4. Mean pen E. coli O157:H7 prevalences for RAJ and fecal samples. Error bars represent confidence 
intervals based on standard errors of the mean. 
 
 
 
 
 
 



 

 
Figure 5. Correlation matrix for mean pen RAJ E. coli O157:H7 prevalences for each sampling date. X and Y 
axes represent sampling dates. Numbers in cells represent Pearson correlation coefficients. 
 
 

 
 

 

 

 

 

 

 

 

 

 
 
 
 

Figure 6. Inter-sampling date correlations for mean pen RAJ E. coli O157:H7 prevalences as a function of time 
between sample collection. 
 
 
 
 
 
 



 

 
Figure 7. Correlation between mean RAJ and mean fecal pen prevalences of E. coli O157:H7. 
 
 

 
Figure 8. Distribution of E. coli O157:H7 counts for RAJ and fecal samples based on the number of cattle-days 
positive at each shedding level. Data only includes sample points where both RAJ and fecal samples were 
positive. 
 
 
 
 
 
 
 
 
 



 

 
Figure 9. Ratio of generic E. coli to E. coli O157:H7 count for RAJ and fecal samples at each sampling date (e.g. 
a ratio of 10-3 indicates the presence of one E. coli O157:H7 cell for every 1000 generic E. coli cells in a given 
sample). 
 
 
 

 
Figure 10. PFGE patterns and dendrogram for RAJ and fecal E. coli O157:H7 strains isolated from animal 101 
(pen 3) at various time points over the feeding period. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
Figure 11. PFGE patterns and dendrogram for RAJ and fecal E. coli O157:H7 select strains. Column headings: 
1 – Isolate #; 2 – Isolation date; 3 – Animal ID; 4 – Pen #; 5 – RAJ/Fecal Isolate; 6 – Super-shedder status (1 = 
super-shedder, 0= non-super-shedder). 
 
 
 
 
 
 
 



 

Table 1. Summary of parameters for E. coli O157:H7 colonization and excretion based on RAJ and fecal 
samples (respectively). 

 
 
 
Table 2. Summary of comparisons between E. coli O157:H7 colonization and excretion parameters for pens 
containing a super-shedder (SS+) versus those without (SS-). P values calculated using Wilcoxon signed rank 
tests. 

 
 
Table 3. 2x2 table relating pen status for presence of a super-shedder (super-pen) with fecal excretion of E. coli 
O157:H7 (feces). 

 

 
 
 
 
 
 
 
 
 
 
 



 

Table 4. Analysis of E. coli O157:H7 PFGE patterns within select feedlot pens. 

 
 
 
 
Table 5. PFGE comparisons between isolates from super-shedders and cohorted cattle (i.e. pen-matched cattle 
directly in contact with super-shedders) and non-cohorted cattle (i.e. cattle in other pens with no direct 
contact). Percentages represent the proportion of isolates that are identical (100% similarity) and closely 
related (97% similarity) to super-shedder isolates. P values based on Chi square comparisons of proportions 
(EpiTable 6.04, Centers for Disease Control and Prevention / World Health Organization). 

 


