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Key external stakeholders:  
Meat and dairy sector, regulators and policy makers   
Practical implications for stakeholders: 

This study showed a low prevalence of E. coli O157 /O26 shedding (0.5-4%) in beef and dairy cattle, but in 
positive animals shedding of high numbers (>10

4
CFU/g faeces) of the pathogen was frequent. Some farms 

were persistently positive for E.coli O157 or O26 with both super shedding (SS) and low shedding (LS) 
animals detected. The study showed some possible genetic differences in strains from SS and LS animals 
but further analysis and phenotypic studies on SS and LS strains are required. vtx2 bacteriophage (24B 
::kanamycin

R
 ) survived in water, soil, bovine faeces and slurry albeit with reductions observed, regardless of 

matrix or storage temperature. Under optimum temperature conditions (37◦C) bacteriophage  24B 
::kanamycin

R
 was shown to able to transduce into some other E. coli strains at a low frequency 10

-7
-10

-8 

when the initial donor and recipient populations were both present in high concentrations.  

 
Main results: 

 In beef cattle 4.18% (55/1317) of recto-anal swab (RAJ) samples were positive for STEC O157, and 
2.13% (28/1317) were STEC O157 supershedders (SS) (Log10 4-7.7 CFU swab

-1
). For STEC O26 0.53% 

(7/1317) of cattle were positive and 0.23% (2/1317) were SS (Log104.1- 5.8 CFU/ swab
-1

). Fewer STEC 
shedders and SS were noted among older animals (>37 months) and a seasonal trend was observed 
with highest prevalence of shedding and SS events observed in the autumn (August to October). It was 
noted that some farms were persistently positive with animals being STEC positive on repeat occasions 
many months apart.  

 A longitudinal study on 2 dairy herds showed that on Farm A: 13/305 (4.3%) samples had VTEC O157 
and 5 (1.6%) were positive for VTEC O26. One SS VTEC O26 (vtx1 and 2) was recovered. On Farm B: 
7/224 (3.1%) of samples had VTEC O157 and 9 (4%) had VTEC O26. One SS STEC O157 (vtx2) was 
detected and two SS STEC O26 (vtx2). All three SS animals were only super-shedding once during the 1-
year sampling period.  

 A surveillance study on 13 dairy herds recovered VTEC O157 from 4.5% animals (48/1074) and VTEC 
O26 from 1.2 % (13/1074). One VTEC E. coli O26 SS was identified. Three animals were found to be 
colonizing with both E. coli O157 and O26 at the same time. 

 The study showed some genetic differences in SS and LS strains with a number of genes present/ absent 
between these groups. Further analysis and phenotypic studies on SS and LS strains are required. 

 Temperate vtx2 bacteriophage (24B ::kanamycin
R
 ) survived for the 30 days of the study in water, soil, 

bovine faeces and slurry albeit with reductions observed, regardless of matrix or storage temperature. 
Under model conditions of optimum temperature conditions (37◦C)  bacteriophage  24B ::kanamycin

R
 was 

shown to able to transduce into some other E. coli strains at a low frequency 10
-7

-10
-8 

when the 
concentration of the initial donor and recipient populations were both present in high concentrations. 

 
Opportunity / Benefit:  
The scientific knowledge and information generated in this project is helping to direct management practices 
and policy for addressing VTEC by food industry (meat and dairy), FSAI and DAFM, and is supporting export 
market access, including US beef markets. 
  
Collaborating Institutions: University College Dublin, Cork Country Council Veterinary, Food Safety 
Authority Ireland,  
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1. Project background  
Verocytotoxigenic E. coli is a significant human pathogen which may be transmitted though the agri-food 
chain. The project addressed the carriage and shedding of VTEC in beef and dairy cattle, and in particular its 
potential excretion in exceptionally high numbers (> 10

4
 CFU /g) by some animals. These so called “super-

shedders” have a disproportionately high impact on risk of transmission in the farm and food chain and are 
thus a key target for control measures. To underpin such an approach an understanding was needed on how 
frequently this phenomenon occurs and on the potential risk factors which cause this in some animals but 
not in others. A further issue addressed in this project was to gain an understanding of the genetic profile of 
VTEC beef isolates using whole genome sequencing, and to investigate if there was genetic 
difference/markers in isolates implicated in super shedding events in cattle as well their human virulence 
potential. Verotoxin encoding genes are encoded on mobile phage and have potential to be transduced into 
other E. coli pathotypes or indeed to E. coli. This study aimed to increase our understanding on how vt  
genes are persisting and transferring among E. coli bacteria in farm and food environs.  

2. Questions addressed by the project: 

 Is supershedding (> 10
4
 CFU /g) of E. coli O26 and O157 occurring in beef and dairy cattle and what 

are the potential risk factors which cause this phenomenon in some animals but not in others?. 

 What is the whole genome sequence, genetic profile of VTEC beef isolates and is there genetic 
difference/markers in isolates implicated in super shedding events in cattle ?.  

 Are verotoxin encoding genes which are encoded on mobile phage transduced into other E. coli 
pathotypes or indeed to E. coli ?  

3. The experimental studies: 
 To study super-shedding in beef and dairy cattle, a quantitative real time PCR protocol was 

developed and employed to examine shedding of O157 and O26 in beef and dairy cattle 

 In beef cattle, swab samples of the recto-anal junction  (RAJ) of cattle (n=1317) were collected (2013 
to 2015) at 3 large Irish commercial beef abattoirs. Metadata collected on the animals included 
farm/region of origin, age, gender, breed, sample date etc.  

 In dairy animals, study 1 was a longitudinal study undertaken where two dairy herds were visited up 
to seven times (August 2013 -July 2014) and RAJ swabs taken from lactating animals. In study 2, a 
surveillance study was undertaken where 13 dairy herds (size 40 – 184 cattle) were each visited 
once (August 2014 -and July 2015).  

 Selected isolates (n=78) including super shedder and low shedder strains from beef and dairy 
animals and historical strains were whole genome sequenced using the MiSeq platform.  

 To ascertain the role of the microbiota at the RAJ STEC colonisation site in shedding dynamics, 
swabs taken from three animals groups (STEC super shedder, low shedders and negative) were 
subjected to a 16SrRNA gene-based compositional metagenomics approach.  

 In a study to assess the potential for transmission of vtx genes, donor VTEC strains with marked 
verotoxin (vt224B ::kanamycin

R
) encoding bacteriophage were used to study the persistence of such 

phage in the farm environment and the potential for transduction of this vt 2 bacteriophage  into other 
E. coli pathotypes and non-pathogenic E. coli in the farm and food environment. 

Main results: 

 In beef cattle 4.18% (55/1317) of recto-anal swab (RAJ) samples were positive for STEC O157, and 
2.13% (28/1317) were STEC O157 supershedders (SS) (Log10 4-7.7 CFU swab

-1
). For STEC O26 0.53% 

(7/1317) of cattle were positive and 0.23% (2/1317) were SS (Log104.1- 5.8 CFU/ swab
-1

). Fewer STEC 
shedders and super–shedders were noted among older animals (>37 months) and a seasonal trend was 
observed with highest prevalence of shedding and SS events observed in the autumn (August to 
October). It was noted that some farms were persistently positive with animals being STEC positive on 
repeat occasions many months apart.  
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 A longitudinal study on 2 dairy herds showed that on Farm A: 13/305 (4.3%) samples had VTEC O157 
and 5 (1.6%) were positive for VTEC O26. One SS VTEC O26 (vtx1 and 2) was recovered. On Farm B: 
7/224 (3.1%) of samples had VTEC O157 and 9 (4%) had VTEC O26. One SS STEC O157 (vtx2) was 
detected and two SS STEC O26 (vtx2). All three SS animals were only super-shedding once during the 1-
year sampling period. The results of this study show, low numbers of SS in the herds examined, with 
higher numbers of low and medium shedding.  

 A surveillance study on 13 dairy herds recovered VTEC O157 from 4.5% animals (48/1074) and VTEC 
O26 from 1.2 % (13/1074). One VTEC E. coli O26 SS was identified. Three animals were found to be 
colonizing both E. coli O157 and O26 at the same time. 

 Of the 36 E. coli O157 that were WGS, 18 were from SS and 15 from LS animals. All the E. coli O157 
super-shedder strains possessed virulence genes nleB, espA, nleC, iss, Iha, espP, stx2B, ehxA, stx2A, 
katP, etpD, gad, espB, espF, tir, espJ, eae, astA, hlyE, capU, espC, stx1B, iroN.  Interestingly, only these 
isolates contained the pic, toxB, senB, sta1, ltcA, perA and subA virulence genes and the LS strains 
contained the sigA, pet, sat, lpfA, tccP, stx1A and nleA virulence genes which were lacking in the former. 
Three SS E. coli O26 isolates formed a subgroup when clustered according to virulence gene content. No 
separation of SS and LS was observed in the core genome SNP tree suggesting the differences in these 
groups might occur within the accessory genomic regions. 

 Metagenomic analysis of RAJ samples showed the principle phyla across three animals groups (STEC 
SS, LS and negative animals) were Bacteroides (~40%) and Firmicutes (~50%) and the principle genera 
in all RAJ samples were Ruminococcoae (30%), Prevotella (10%) and 60% a variety of genera. Overall 
results indicated a high level of variability in operational taxonomic units between the 3 animal groups and 
Principle Co-ordinate Analysis showed no significant difference in microbiota composition at the RAJ 
based on shedding status, animal age etc.   

 Studies on the survival of vtx2 bacteriophage (24B ::kanamycin
R
) in water, soil, bovine faeces and slurry 

showed the phages survived for the 30 days of study albeit with reductions observed, regardless of matrix 
or storage temperature. Under model conditions of optimum temperature conditions (37◦C) bacteriophage  
24B ::kanamycin

R
 was shown to able to transduce into some other E. coli strains at a low frequency 10

-7
-

10
-8 

when high concentrations of initial donor and recipient populations were both present.  

4. Opportunity/Benefit: 
The scientific knowledge and information generated in this project is helping to direct management practices 
and policy for addressing VTEC by food industry (meat and dairy), FSAI and DAFM. 
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