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Background 

Due to its significance to public health, its potential impact to beef trade and production security, as 
well as negative public perception issues, E. coli O157:H7 is a critical problem for the beef industry. 
Pathogen reduction through a series of interventions at various stages of the beef production 
process is currently considered the most effective means to reduce the risk of final product 
contamination. Control of E. coli O157:H7 at the pre-slaughter/harvest level is an important 
component in such a risk reduction strategy. 

A previous checkoff-funded study examined the phenomenon of recto-anal junction (RAJ) 
colonization of cattle by E. coli O157:H7. This study concluded that the RAJ does indeed appear to be 
a significant site for E. coli O157:H7 colonization, and that this colonization is associated with fecal 
excretion patterns. Tied to the phenomenon of RAJ colonization is the concept that certain cattle 
within feedlots are colonized by E. coli O157:H7 more frequently, persistently and in greater 
numbers than other cattle. These “super-shedders” appear to influence the degree of E. coli 
O157:H7 colonization of other cattle in their pens, as well as environmental contamination levels. 
While the previous study showed increased levels of E. coli O157:H7 colonization of copenned cattle, 
it could not confirm that the presence of super-shedders were the cause. Furthermore, increases in 
environmental concentrations of E. coli O157:H7 could not be tied directly to the presence of a 
super-shedder. 

The objectives of this study were as follows: 
1. Demonstrate that the addition/removal of a super-shedder results in an increase/decrease 

in the prevalence, mean count and duration of E. coli O157:H7 by other cattle in that pen; 
2. Use genetic similarity profiling to confirm the transmission of E. coli O157:H7 from super-

shedder cattle to other cattle in that pen; and 
3. Demonstrate an association between the presence of a super-shedder in a pen and the 

prevalence and identity of E. coli O157:H7 in the pen environment. 

Methodology 

Experimental design involved observation of natural levels of E. coli O157:H7 RAJ colonization 
among cattle in experimental feedlot pens, and subsequent changes in colonization levels with 
introduction or removal of a super-shedder. Changes in E. coli O157:H7 contamination levels for 
trough water, feed, and pen floor soil were examined. Cattle were managed in a manner typical to 
commercial feedlot practice. They were randomly assigned to pens, with a total of eight head per pen 
for 20 pens. Pens were physically separated from each other by using alternate pens and by not 
sharing water or feed sources. 

The project consisted of two phases. Phase 1 was conducted over seven weeks and was 
designed to identify super-shedders among experimental cattle. Recto-anal samples from 
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individual cattle were taken twice per week. Environmental samples were collected from each pen 
on each sampling day and comprised trough water, feeds (total mixed ration from feed bunks), and 
pen floor soil (avoiding obvious manure pats). All samples were transported immediately to the WSU 
laboratories. 

Super-shedders were nominated based on a combination of criteria determined during the first 
sampling phase. These criteria were: high sample prevalence; higher mean RAJ concentration; 
persistent colonization as determined by consecutively positive RAJ samples; and presence within a 
high-E. coli O157:H7 level pen. High-level E. coli O157:H7 pens, or “hot pens,” were defined on the 
basis of a combination of mean pen prevalence, mean pen RAJ sample concentration, and the 
proportion of consecutively positive cattle within that pen. Five super-shedders were clearly 
identifiable on this basis. Similarly, based on Phase 1 sampling data, five non-shedders were 
nominated based on a total absence of RAJ colonization and presence within a low-level E. coli 
O157:H7 pens (“cold pens”). Following these classifications being made, super-shedders and non-
shedders were switched, i.e. the five nominated super-shedders were placed into each of the five 
nominated cold pens, and the five non-shedders were placed within each of the nominated hot pens. 
Following a period of one week adjustment, Phase 2 of sampling was commenced. This was 
conducted for six weeks (12 sampling dates), using the same sampling plan and lab methods as 
described for Phase 1. Of the remaining 10 pens that were neither nominated as hot or cold pens, 
five were randomly chosen to represent control pens. Cattle within these pens were sampled once 
per week. 

Data was analyzed using feedlot pens as the unit of study, not individual cattle, as a substantial pen 
effect is evident. E. coli O157:H7 colonization parameter (prevalence, count, consecutive positives) 
differences from before to after pen reassignment were determined for cold, control and hot pens. A 
subset of isolates was subjected to pulsed field gel electrophoresis (PFGE) using standard methods 
in order to genotypically compare strains. For the purposes of this report, simple associations 
between strains based on genomic identity were made visually. 

Findings 

Overall, “super-shedders” appear to influence the degree of E. coli O157:H7 colonization of other 
cattle in their pens. When super-shedders are introduced to pens with low levels of E. coli O157:H7 
activity, the prevalence and persistence of E. coli O157:H7 colonization increases among other cattle 
in that pen. Similarly, levels of environmental contamination appear to increase as well. Specific 
study results are as follows: 

Cattle Colonization Changes Associated with Super-shedder Reassignment 
• Cold pen prevalences increased significantly with the introduction of super-shedders, as 

compared to control pens. 
• Hot pen prevalences decreased after super-shedders were removed, although this decrease was 

only significant compared to cold pens, not control pens. 
• Cold pen mean RAJ concentrations increased, though this change was only significant compared 

with hot pens. The change compared to control pens was close to significance (P= 0.06). 
• Hot pen counts decreased, but not significantly so compared to control pens, which also 

decreased. 
• The persistence of colonization for cattle in cold pens increased significantly with the 

introduction of super-shedders. 
• Hot pen persistent colonization decreased, but only significantly compared to cold pens. These 

findings together indicate that addition of a super-shedder to pens naïve to E. coli O157:H7 
or with relatively low levels of E. coli O157:H7 increases the prevalence, count and 
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persistence of colonization of cattle in those pens. Therefore, recognition and control of super-
shedders has important ramifications in terms of reducing the number of pens positive for E. coli 
O157:H7, and the levels of E. coli O157:H7 excretion within those pens. 

Changes in Colonization of Super-shedders and Non-shedders after Reassignment 
• Non-shedders’ prevalence and counts increased significantly (compared to control cattle) when 

introduced into the hot pens. This is likely to be due to exposure of non-shedders to residual 
strains in hot pens excreted by the remaining cattle and within the pen environment after the 
super-shedder was removed. 

• Super-shedders’ prevalence and count declined after placement into the cold pens, though this 
was a non-significant change compared to controls. Although a super-shedder is likely to be the 
predominant shedder of E. coli O157:H7 in any given pen, it seems evident from this data that 
the super-shedders’ degree of colonization and excretion also relies on its continued exposure to 
high levels of E. coli O157:H7 – hence the moderate decrease in RAJ prevalence and count with 
transfer to cold pens. 

Environmental Contamination with E. coli O157:H7 
• Peaks of environmental prevalence are evident, with different types (soil, water, feed) of sample 

frequently peaking together. This likely relates to common and varying sources of contamination, 
i.e. cattle (most likely super-shedders). 

• Soil sample prevalences were generally the highest. This probably simply reflects the much 
greater fecal load in feedlot pen soil samples (where often the “soil” is simply dried feces). 

• Although the feed and water samples were not as frequently positive, they represent important 
sources of transmission and maintenance of E. coli O157:H7 within cattle groups due to the 
larger volumes of these samples that cattle ingest. 

• Mean environmental sample (pooled for soil, water and feed samples) prevalence in cold pens 
increased by 3% with addition of super-shedders. 

• Hot pen mean environmental sample prevalence decreased by 7.3% after removal of the super-
shedders. 

• Although neither of these changes were significant as compared to control pen prevalence 
changes (decrease of 4.3%), they were significantly different to each other. 

PFGE Comparisons of E. coli O157:H7 Isolates 
Raw PFGE images that represent comparisons between key isolates were compared visually. 
Visually, the isolate patterns are identical or very similar (1 band difference for two isolates). The 
high degree of identity between super-shedder isolates before and after reassignment indicates that 
super-shedders were continuing to be colonized with the same isolate following transfer into the cold 
pens. The high similarity of the cold pen isolates (both RAJ and environmental) after reassignment to 
the super-shedder isolates support the possibility that the super-shedder is the source of isolates in 
the cold pens, i.e. the high excretion of E. coli O157:H7 by super-shedders allows their isolates to 
become predominant among cattle and environmental niches in the cold pens. More formal analyses 
using optimal techniques as well as further analyses to compare cold pen isolates from before 
reassignment to those after are needed to confirm this conclusion. 

Implications 

The results of this study show that the introduction of “super-shedder” cattle into pens results in 
greater levels of general E. coli O157:H7 carriage, excretion and hide contamination. This represents 
a risk for greater introduction of E. coli O157:H7 into the harvest facility, negatively impacting beef 
safety. Interventions designed to identify and negate the effects of super-shedders at strategic 
points in beef production may help mitigate the food safety risk of E. coli O157:H7. 


