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Shiga toxin-producing E. coli in US sheep 
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Despite being identified as a foodborne pathogen over 30 years ago, Shiga toxin – producing 
Escherichia coli continues to make people ill and cause deaths in both developed and undeveloped countries. 
This pathogen continues to transcend both socio and economic boundaries causing over 2.5 million cases of 
human disease annually. Historically, STEC O157:H7 has been the strain most commonly associated with 
human disease, but with increased awareness and surveillance there are now increasing numbers of non – 
O157 infection in humans. Globally, ruminants, including sheep are reported to harbor plethora of STEC 
serotypes. While cattle are implicated as a major source of STEC O157:H7 infections, they do not seem to be 
the primary source of these non-O157 infections. Sheep have been associated with human non – O157 STEC 
infections in numerous countries including Australia, Norway and Canada. However in the United States, the 
risk posed by sheep remains an unexplored sphere. However, increasing production and consumption of 
domestically produced lamb and mutton in the US. 
 The goal of this study is to investigate the role of sheep as reservoirs for non-O157 STEC infections in 
the US. The central hypothesis being tested is that although sheep are colonized with non-O157 STEC, sheep 
in the US infrequently harbor Shiga toxin-producing Escherichia coli (STEC) strains that are associated 
with human disease. This study will provide integral information required for understanding the 
epidemiology of both O157 and non – O157 STEC and the role sheep may play in the propagation and 
dissemination of this pathogen. 



 

Project Objectives  

 

 

 

 

 

Description of efforts – Anticipated results 

 

 

 

 

 

 

 

  Amount requested from NSIIC                                                   

  Applicant Matching Funds                                                        

  Local/State/Federal Funds previously awarded for project  

      TOTAL                                         

 

 

 

 

 

 

 

 

(a) Determine the prevalence and virulence profiles of STEC O157 and non-O157 STEC in the feces of 
sheep. Compare the STEC prevalence in sheep between geographic regions in the US. 

(b) Determine the genetic relatedness STEC isolates recovered from sheep in the different states.  
 

The results of this objective will be used to provide critical information on the carriage and human virulence 
potential of STEC O157 and non-O157 in the national sheep flock.  Identification of these factors can lead to 
formulation of preventive and control measures at the herd level. We also anticipate that this study will 
provide critical information on the genetic relatedness of STEC isolates recovered from the different 
geographic regions. During the course of this study, we would have also established a comprehensive sheep 
STEC isolate bank representing isolates from these three states. Additionally, future investigative studies may 
be executed using these isolates to determine if they are associated with any human foodborne disease 
outbreaks.  If out hypothesis is true, this will provide strong evidence that sheep are NOT a primary source of 
human infections with non-O157 STEC in the United States. 

 

 

46,257 

14,382 

 

60,639 



 

Type of Expenditure 

Personnel – list each    Relationship to Project     Number of Hours     Rate of Compensation     Total 

Michael Kauffman 
(OSU MATCH)  

Research Associate 208 $45,000/yr  $4,500 

OSU MATCH Benefits  @ 37.3% $1,679 

     

Total Personnel    $6,179 

Equipment                     Purpose                                Cost 

     

     

     

Travel                             Per Diem                               Number of Days            Number of Personnel 

Oregon travel 140 5 2 $1400 

Texas Travel 173 5 2 $1730 

Flights, rental car, 
parking, etc 

 10 2 $3,300 

Other Related Expense 

Materials and 
supplies 

 360 x$100  $36,000 

OSU MATCH  360 x $20  $7,200 

     

 

Overhead 

7.5% 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   $3,227 

7.5% MATCH   $1,003 

 

 

 

 

 



 

 

 

Provide a qualitative summary, or justification for budget expenditures: (200 word or less) 
 

 

 

 

 

 

 

 

 

 

 

Technical Objectives 
 

 

 

 

Responsiveness to NSIIC Stated Priorities (from web site) 
 

  

Prior USDA or other Federal Support 
 

 

 

 

This study seeks investigate the role of sheep in the epidemiology of human STEC infections. The central 
hypothesis being tested is that although sheep frequently harbor Shiga toxin-producing Escherichia coli 
(STEC), sheep in the US infrequently harbor STEC strains that are associated with human disease. We 
will investigate the role of the sheep in epidemiology of STEC in three distinct geographic regions, namely 
Ohio, Texas and Oregon. Together, these three states account for over sheep raised in three distinct 
geographic regions of the US. Using culture and molecular based tests, we will evaluate the prevalence of 
STEC O157:H7, the most pathogenic of the STEC serotypes, and non-O157 STEC. We will also identify the 
virulence genes present in these isolates to evaluate their risk of causing disease in humans. Our study will 
also seek to identify difference in prevalence among the regions tested.   

 

We expect to collect 360 samples (120 samples from each state, 12 samples from each of 10 different flocks). 
These numbers are calculated based on having a 95% confidence interval to detect individual pathogenic 
strains in each region if the prevalence exceeds 2.5%.  Supplies in will include sample collection material and 
processing materials (sample vessels, media, antibiotics, chemicals and reagents, enzymes, primers, Petri 
dishes, test tubes, hazardous waste disposal etc). Using an estimated cost of processing of $120 per sample, 
the funds requested for materials and supplies is $36,000. Our institution can match (offset) the cost of the 
samples analysis by $20/sample ($7200) and pay the 10% of the technical staff (and associated benefits) to 
run the analysis. 

Collection of samples in Oregon and Texas will necessitate 2 persons from the laboratory to visit those 2 
states.  Estimated travel cost $6430  

Airfare : (OH- TX, $400; OH OR, $600)=$1000 x 2 persons = $2,000  
Per Diem: ($140* 5 days) + ($173 x 5 days, OR)  * 2 persons= $3,130 
Rental car and fuel- $100*10 days =             $1000 
Parking and airport transportation:            $ 300 

  
 

None 



Identification and significance of the issue being addressed 
                                                                                                                                                                

 

 

 

 

 

What are the goals to be achieved with this grant funding? 
                                                                                                                                                                

 

 

 

Work Plan – Task, Methodology, Individual responsible, and location where work will be done. 

 

 

 

 

 
 

 

Related Research or other efforts in this area of which you are aware, including an analysis of the 
competitive landscape if the award is for a commercial application. 

 

 

Potential Post application in this area of development of research or commercial endeavor 

 

 

  

The overarching goal of this study is to improve the microbial safety of domestically produced lamb and mutton.  To 
achieve this goal, our study focuses on STEC, a known human pathogen commonly found in the gastrointestinal tract 
of many ruminants including sheep. Funding provided by this grant will allow us to determine the prevalence and 
identify influencing factors in three distinct geographical regions of the United States each with unique climatic 
conditions. Without this funding, it would be impossible for us to undertake such a comprehensive study of this 
magnitude.  

 

Shiga toxin-producing Escherichia coli is responsible for over 250,000 cases within the United 
States annually. Ruminants, including sheep are considered to be a reservoir for Shiga toxin-producing 
Escherichia coli (STEC). Most published research have focused on reservoirs of STEC O157:H7, the most 
pathogenic of the STEC serotypes, however the reservoirs for non-O157 STEC is less clearly defined.  
STEC can be harbored in the intestine of many healthy animals and shed into the environment when these 
animals defecate. Humans become infected when they consume contaminated food or water, or via direct 
contact with shedding animals. Increasing production and consumption of lamb and mutton in the United 
States has placed more focus on sheep as a possible source of STEC infection to humans. 
 
 

A cross-sectional study will be done sampling sheep farms in Ohio, Oregon, and Texas. Using an 
assumed herd prevalence of 56% to estimate our sample size, we will collect 400 sheep fecal samples 
from each state to ensure STEC prevalence is accurately reflected (>95% confidence level). We will 
collect a minimum of 30 samples from each farm to ensure a normal distribution in our sampling at the 
farm level. As such, we will visit a minimum of 12 farms in each state to attain our sample size. Using 
herd data obtained from producers, stratified random sampling will be employed to ensure all sections 
of the animal population are represented.  All herd data, and management practices such as housing, 
water source, feed/forage type and presence or absence of other animal species will be recorded. 
Suspected STEC isolates will be subtyped and identified. Confirmed isolates of similar serotype will 
then be cultured in enrichment broth and subjected to molecular comparison using Multiple Loci VNTR 
Analysis (MLVA) to determine the genetic relatedness. 

 

 

 

 

 

 

 

 

 

 

To our knowledge, there are currently no other projects in the United States aimed at identifying the role of sheep 
in the epidemiology of STEC in the United States.  

Although not commercializable per se, the result of this study can be used to substantiate food safety 
claims of domestically raised lamb.  



Background and rationale  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Relationship to industry, including technical, economic and social benefit 

 

 

 

 
 

 

Cost benefit analysis 

 

  

Shiga toxin-producing Escherichia coli (STEC) can be harbored within the gastrointestinal tract 
of many animals including small ruminants. While cattle are generally regarded as a primary reservoir 
of STEC O157, small ruminants, particularly sheep and goats can also be important reservoirs of STEC 
O157. Sheep tend to be asymptomatic shedders of STEC and in addition to STEC serogroup O157, 
sheep have been cited as reservoirs for over 100 other serotypes of STEC including O26, O115, O128 
and O130.  The predominant STEC serotype shed may vary with geographic and prevalence rate in 
animals may vary due to a number of factors including age of animals, housing, diet, climate and 
sanitation.  

Nationally, over two million lambs are slaughtered annually, however this is not sufficient to 
satisfy and ever increasing market demand.  Whilst the number slaughtered has remained relatively 
constant for the last three years, the price of lamb at slaughter has continued to trend upwards with there 
being an almost 40% increase in the price over the last two years. The majority of lamb is consumed by 
Hispanic and Middle Eastern communities. With these populations increasing, there has been a 
continual increase in the demand for lamb and mutton, and hence the increase in price.  This increase in 
price coupled with an increasing demand has made the rearing of these animals more attractive to 
producers and placed more focus on these animals as a possible source of STEC infections. 

Unlike serotype O157:H7, where published research exists, there is a dearth of literature 
describing the role of sheep in non-O157 epidemiology especially in the United States. Historically, the 
prevalence of STEC O157:H7 shed in lamb feces in the United States is reported to be low; 
interestingly though, while the prevalence of STEC O157 is reported at less than 2% in feces of animals 
sampled at slaughter one study reports that up 56% of the animals sampled at slaughter harbor STEC in 
their feces. Similarly within the European Union, 20% of sheep sampled shed STEC, while only 0.3% 
of these animals were positive for STEC O157:H7. Research in other countries have identified sheep as 
important reservoirs for non – O157 STEC. For example, in Australia, sheep have been identified as the 
host of significance for O26 and has also been recognized as an important reservoir of O26 in Norway. 
Of particular interest is, that almost 50% of STEC O26 isolates recovered from sheep were genetically 
similar to that recovered from human cases raising the possibility of sheep being the source of human 
infection. In 2014, Canada also reported the first human case of STEC O52:H25 associated with lamb 
consumption. From the literature cited above, it is quite apparent that sheep are reservoirs for STEC in 
many countries, and their role in STEC epidemiology in the United States must be investigated. 

 

 

 In 2014, over 1.8 million lbs of meat were recalled for STEC contamination, while at that time most were from 
beef, the increasing incidence of non-O157 STEC has resulted in regulatory authorities looking at other sources 
for STEC. Sheep, a known reservoir in other countries may soon attract their attention.  Additionally, prevention 
is better is cure, it is best to determine the STEC prevalence now and identify if a problem exists than wait for 
human disease to be attributed to lamb and then take corrective measures. At that time, in addition to human 
illness, and possibly loss of life, there will also be costs associated with recalls and lawsuits. The stigma 
associated with lamb will result in decreased sales, which may take years to recover from. The net results will 
be better pre-harvest food safety standards, and thus safer lamb and mutton being available to US 
customers and for export. 

N/A 



Policy or decisions affected by results 

 

 

 

Bio Sketch of each principal person 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Financial Feasibility (i.e., Is the budget proportionate to the endeavor, and will the outcome have a financial 
benefit to the industry in the near term or will additional funding be required?) 

 

 

  

 Identifying the prevalence of STEC in sheep can affect future Food Safety and Inspection Services policy.  If 
proven that sheep are not major reservoirs of STEC and thus not pose a risk of human STEC infection, then 
future regulations may exempt sheep as being a species of importance in the dissemination of STEC. Conversely, 
if identified, as an important reservoir of STEC, this information will allow producers to proactively establish the 
necessary control and prevention guidelines before they come under the scrutiny of regulatory bodies. 

 

The budget is justified.  Concrete and tangible results will be obtained without the need for additional funding.  
Approximately 25% of the total costs are covered by our institution. 

05/93 – 4/95 Veterinarian, VMO-1, Canadian Food Inspection Service, Meat Hygiene Division, 
Establishment 139. 55 Minas Warehouse Rd. New Minas, Nova Scotia Canada.  

05/95-12/00  Resident, Veterinary Microbiology Washington Animal Disease Diagnostic Laboratory, 
College of Veterinary Medicine, Washington State University. Pullman, WA  

7/01-09/07 Assistant Professor, Food Animal Health Research Program. Ohio Agricultural Research 
and Development Center (OARDC), The Ohio State University.       1680 Madison Ave, 
Wooster, OH 44691. 

10/07-9/10 Associate Professor, Food Animal Health Research Program. OARDC, The Ohio State 
University. 1680 Madison Ave, Wooster, OH 44691 

10/10-present Assistant Dean, Professor, and Head, Food Animal Health Research Program. OARDC, 
The Ohio State University. 1680 Madison Ave, Wooster, OH 44691.  
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Callaway, Scott Beatson, Mark Eppinger, Tim Dallman, Ken J. Forbes, Henk Aartsa, David L. Pearl, 
Victor P.J. Gannon, Chad R. Laing, Norval J.C. Strachan, ,Exploiting the explosion of information 
associated with whole genome sequencing to tackle Shiga toxin-producing Escherichia coli (STEC) in 
global food production systems.  International Journal of Food Microbiology 

5. Swirkski  A, Pearl D, Williams M, Homan J, Linz G, Cernicchiaro N, and LeJeune (2014) Spatial 
epidemiology of Escherichia coli O157:H7 in dairy cattle in relation to night roosts of Sturnus vulgaris 
(European starling) in Ohio, USA (2007--2009). Zoonosis and Public Health.  

 



Business Soundness (i.e., Are project participants qualified and experienced) 

 

 

 

 

 

 

 Management Ability  (i.e., Are project participants qualified and experienced) 

 

 

 

 

 

 

 

 

 

Potential Industry Impact (i.e., How can the industry be expected to benefit in both qualitative and 
quantitative measures? 

 

 

 

Industry Support  (i.e., What data or other information is available to substantiate industry’s need or desire 
for this project?) 

  

Dr. LeJeune has managed over $15 million in extramurally sponsored research, including the following recent 
grants: 
09/01/2011-08/31/2015 

Reducing the transmission of AMR organisms by wildlife within the food supply-a research, control, and 
outreach strategy.  

07/01/2013-6/30/2015 
Validation of waiting intervals for the incorporation of untreated biological soil amendments into soil where 
specialty crops are grown in Ohio. Role: PI 

09/01/2013-08/31/2015 
Zoonoses prevention in rural and underserved populations    

 

The industry, especially the lamb and mutton industry will benefit by having increased knowledge on potential 
human pathogens that be shed in animal feces. They will also be informed of any risk factors and corrective 
measures which can be instituted to mitigate the risk of pathogen transmission from animal to human. 

The Principle Investigator, Professor Jeffrey LeJeune has over 15 years of research experience focused 
on the epidemiology, ecology and pathogenesis of foodborne pathogens. His primary research focus is 
on Shiga toxin-producing Escherichia coli (STEC), including, but not exclusive to, serotype O157. His 
research interests include:  the fate of the organism in the environment (especially the farm 
environment) and the consequences environmental persistence has on food and environmental safety, 
effect of management practices on the prevalence of E. coli O157 in cattle and on produce, foodborne 
pathogens and antimicrobial resistant bacterial flora in live animals.  

The staff in Dr. LeJeune’s laboratory who will be involved in this study are all experienced in working 
in the animal and farm environment. They are suitably trained in the sample collection and the 
necessary laboratory techniques required for successful processing of samples.   

Partner organizations/ individual farms willing to allow sampling in the proposed regions have been 
identified. 

 

 

Globally, sheep have been identified as reservoirs of STEC serotypes. Increased surveillance and better screening 
methods have resulted in increased human cases of STEC being associated with sheep. The prevalence and 
pathogenicity of STEC in sheep in the United States is largely unknown. This data is necessary if the industry is 
to continue to grow and produce safe lamb for human consumption. 



CERTIFICATION 

To the best of my knowledge and belief, all data in this application is true and correct. The document has 

been duly authorized by the governing body of the Applicant and the Applicant will comply with all Grant 

requirement if the assistance is awarded. 
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Name of authorized representative: 

Title Senior Sponsored Program Officer 

Email I Port.4@osu.edu 

Phone j 614-688-1143 

Date I 10-16-16" I 



Return this application to: stevelee@nsiic.org  
If you prefer to send hard copies:  
Steve Lee, 
Executive Director and Program Manager  
National Sheep Industry Improvement Center  
Box 646  
Rockland, Maine 04841  
207-236-6567 
  
For FedEx or Other Delivery Services:  
32 Gleason St  
Thomaston, ME 04861  
Download form to your computer, complete it and save it to your computer prior to submitting to the 
Sheep Center. 
  

Additional Information for Applicants:  
 
Matching funds:  
In order to leverage funds available, NSIIC will assign 10 points to any application in which a match of 
cash or in-kind labor is contributed. In-kind matches may only account for 50% of the total match. 
Additionally, salaries or other expenditures that will be made by the applicant or the applicant's employer, 
irrespective of a potential grant award, cannot be used as a match.  
A subtraction of 10 points will be made from the total score of any application that includes an overhead 
budget of more than 7.5% of the total grant request. Request for capital expenditures are discouraged, 
and may not exceed 20% of the total budget in any event. Please justify any requested funding for 
equipment or other capital expenditures.  
 
Notification to Applicants: Applicants will be notified via e-mail that their application has been received within a 
day or two of receipt: After Review, all applicants will be sent a notice to the e-mail of the person listed as the 
contact person on the application. That notice will be one of three possible responses: 1)Your application did not 
score high enough for funding consideration 2) Your application scored high enough for funding as submitted 3) 
Your application scored high enough for funding but with modifications needed in the budget. You will be given the 
opportunity to make those modifications for funding or you may reject the modifications in which case the grant 
funding offer will be withdrawn. Instruction will be included in the notice. Please note that the Review Committee 
will not provide feedback to applicants however in some cases the Board may elect to encourage re submission 
with certain specific changes (i.e. those the Board feels were good causes but poor application preparation or those 
with a good idea but not sustainable as presented). In some instances the Board may want to provide a written 
statement, with the understanding that no further discussion is available. Please note that proposals submitted 
more than twice will not be evaluated. The NSIIC Board request that applicants refrain from communicating with 
Board Members specifically about the project (i.e. Lobbying your project). Under no circumstances will applications 
arriving past the deadline for submission be considered 


