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Background 

Contamination of carcass surfaces by food-borne pathogens is a major public health problem. 
Foodborne illness and death have been linked to ground beef, and many meat recalls and outbreaks 
have occurred because of Escherichia coli O157:H7. Sources of this pathogen on carcasses during 
slaughter are multiple and may be classified as those associated with the animal, processing 
practices, slaughter plant facilities, and employees. A healthy animal may harbor pathogenic bacteria 
on its hide, hair, and hooves as well as in its intestinal tract. Generally, the muscle surfaces of the 
carcasses are sterile, and contamination occurs as a result of transfer of hide removal and dressing 
defects occurring during the slaughtering process. Even though the Food Safety and Inspection 
Service (FSIS) has issued a “zero tolerance” policy that included drastic measures to control this 
pathogen during slaughter, possible points within the plant facilities of carcass cross-contamination 
have not been well established. The slaughter plants in the United States have developed Hazard 
Analysis-Critical Control Point (HACCP) plans to decrease the risk of foodborne illness by intervening 
at stages of processing that pose a plausible risk of carcass contamination. These plans require 
adequate microbiological data to be able to assess the effectiveness of control programs for 
foodborne pathogens. There is little historical data on the prevalence of E. coli O157:H7 within the 
environment of the slaughtering plants in the United States at different time points of beef 
processing.    

The stated objectives for this work were: To compare prevalence of E. coli O157:H7 in different 
commercial beef processing plants. 

Methodology 

Sampling. Samples were collected for a period of five months (April, May, July, August, and October) 
in three trips each month to each of two large beef processing plants, north and south of the United 
States. In each of the cattle abattoirs, samples were taken before work (pre-operation), anytime 
during operation, and late in operation. Environmental samples were taken from each site within the 
processing plant and are listed in Table 1. At the same time the environmental sampling was being 
conducted (anytime during operation) within the plant, 35 hides as well as 35 pre-evisceration (anal-
hock) carcasses and 35 post-washed carcasses (hot box) were randomly sampled.  

Recovery and confirmation of E. coli O157:H7. Once the TSB enriched samples (shipped in ice 
packs) arrived at MARC, E. coli O157:H7 was isolated using the immuno-magnetic separation (IMS) 
technique following the manufacturer’s instructions. Briefly, 1 mL of the enrichment culture was 
mixed with 20 μL of immuno magnetic beads (Dynal, Inc) in the presence of 0.01% 
protamine. The mixture was incubated at room temperature for 30 min with gentle agitation 
to allow E. coli O157 cells to bind to the beads before applying the magnetic field. The 
supernatant was removed and the beads were washed three times with 1 mL of washing 
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buffer (PBS-0.1% Tween 20), followed by re-suspending the beads in 100 μL. An aliquot of 50 μL of 
resuspended beads were plated onto sorbitol MacConkey agar (ct-SMAC) containing cefixime (50 
μl/L) and potassium tellurite (50 μl/L), and onto m-Rainbow Agar O157 (Biolog) containing 
novobiocin (20 mg/L) and potassium tellurite (0.8 mg/L). Plates were incubated for 18-24 h at 37ºC, 
and characteristic colonies on either ct-SMAC or m-Rainbow plates were tested (an average of 3-6 
colonies per sample) using the Dry Spot E. coli O157 latex test (Oxoid, Inc.) for the presence of O157 
antigen. Latex positive colonies were streaked onto ct-SMAC plate for purity and single colonies were 
stored in nutrient agar stabs for further testing. Subsequently, broth cultures of each isolate were 
stored at –70ºC as glycerol stocks. Suspect colonies were confirmed using an indirect ELISA assay, 
using monoclonal antibodies for the detection of O157 and H7 antigens; multiplex PCR to detect the 
presence of stx1, stx2, eaeA, fliCH7, and rfbEO157 gene fragments; and verification as E. coli 
species using the Sensititre Gram-negative AutoIdentification (AP80) system (Accumed 
International). Samples were considered positive if at least one isolated recovered in the sample had 
the following requirements: express either the O157 or the H7 antigen, carried the genes for fliCH7, 
rfbEO157 and at least one stx gene, and was also determined to be E. coli by the AP80 system. 

Findings 

The sample period that was chosen to carry out this study was based on previous data regarding 
fecal shedding and prevalence on hide for E. coli O157:H7, which has been shown to peak during 
summer and early fall. It is well documented that the hide of live cattle is recognized as a large 
source of contamination by E. coli O157:H7 on beef carcasses. Our results indicated that the overall 
prevalence of Shiga toxin-producing E. coli O157:H7 between the northern and southern plants was 
statistically different (Table 2). The prevalence on hides and fence panels in the holding pens was 
significantly higher for the southern plant, 68.1% (P < 0.001) and 13.3% (P < 0.10), respectively. 
When the interaction between plant (geographical region) and the sampling month (seasonality) on 
the prevalence of E. coli O157:H7 on hides was assessed, statistical variability was observed 
between plant and month of sampling (Table 3). Variability within each plant shows that the 
prevalence of E. coli O157:H7 on hides was high for the months of May (79.0%), July (72.5%), August 
(81.8%), and October (60.6%) for the southern plant whereas the northern plant showed its highest 
prevalence during the months of July (71.4%) and August (82.7%). Worth mentioning, during the 
month of July and August, no major differences (P < 0.05) in the prevalence of E. coli O157:H7 on 
hides was observed between plants. In a recent surveillance study performed at MARC to determine 
the pre-harvest and post-harvest seasonal prevalence of E. coli O157:H7, Salmonella spp., and non-
O157 STEC, the data showed that these pathogens were found predominantly on cattle hides and 
that the prevalence of E. coli O157:H7 remained high from spring through fall, which is in agreement 
with our data from the southern plant; nevertheless, the prevalence in the northern plant peaked 
during the summer time, which suggests that prolonged warmer weather can sustain higher levels of 
this pathogen on the animal hides. Studies done in Europe have shown that pathogens present 
within the holding pen environment can be transferred onto hides during the length of time animals 
are held at the abattoir before slaughter. The results observed in our study show that E. coli 
O157:H7 was present on hides and on the fence panels in the holding pens suggesting that cross-
contamination can occur from animal-to -animal and from holding pens-to-animal.    

Skinning and evisceration are considered to be procedures in which pathogens may be transferred 
onto carcasses. There is wealth of data reported in the literature showing E. coli O157:H7 to 
be a contaminant of carcasses after de-hiding and other slaughtering/dressing processes. 
Our data showed that the northern plant had the highest prevalence of E. coli O157:H7 on 
pre-evisceration and dressed carcasses, 10.9% and 1.0%, respectively (Table 2). After 
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antimicrobial interventions, the prevalence of E. coli O157:H7 on dressed carcasses (hotbox) was 
significantly higher (P < 0.05) for the northern plant than for the southern plant (Table 2).   The FSIS 
had established a baseline for beef carcasses after chilling with the national estimate (expressed as 
per-cent) for the level of E. coli O157:H7 was 0.2%.  

On 15 environmental sites sampled in the southern plant a total of two E. coli O157:H7 positive 
samples were obtained from the product contact surfaces (late during operation) and the brisket saw 
(before operation), representing 1.4 and 5.0%, respectively, in the slaughter floor environment (Table 
4); the northern plant tested negative for all the sites. On the other hand, only the northern plant 
tested positive for E. coli O157:H7 in the fabrication floor and locker room environment (Tables 5 
and 6). The sites identified as being positive were product contact surfaces (before operation) in the 
fabrication floor, representing 2.0% of the samples (Table 5), and the floor drains and knob on the 
door to toilet stalls in the locker room environment, representing 3.3% for both (Table 6). The data 
reveals a wide variation in the extent of environmental contamination for the two plants, which 
suggest that possible sources of cross-contamination are from processing equipment as well as 
plant personnel. However, cautions must be taken regarding the prevalence of E. coli O157:H7 in the 
plant’s environment since the recovery of viable cells during sampling may require a different 
approach taking into account the injury level of the bacterial cells and also integrating into the 
protocol quenching agents to neutralize disinfectants and optimization of enrichment conditions for 
the detection of the pathogen. There is the possibility that the prevalence of E. coli O157:H7 from 
the plant’s environment may be underestimated. 

E. coli O157:H7 isolates were confirmed as E. coli by biochemical assay, and all isolates were 
confirmed by PCR to carry the eaeA (intimin), fliCH7 (H7 flagella), rfbEO157 (O-antigen), stx1 (shiga 
toxin 1) and/or stx2 (shiga toxin 2) genes. Moreover, the isolates were phenotypically characterized 
using the ELISA assay to assess the expression of the O-antigen and H7 flagella. During the course of 
the study we collected approximately 2,640 E. coli O157:H7 isolates and the overall results are 
shown in Table 7. Data shows that there was a shift in the PCR pattern for the E. coli O157:H7 
isolates recovered from the northern plant, i.e., during the month of April 72.1% of the isolates 
carried the stx1 gene and in July and August the distribution of the shiga toxin pattern among the 
isolates changed, 75.4% and 88.1%, respectively, of the isolates possessed both stx1 and stx2 
genes. In contrast, the majority of the E. coli O157:H7 isolates recovered from the southern plant 
carried the stx2 gene. The results also demonstrate that the greater part of the isolates recovered 
from both plants express the O157 and H7 antigens. Interestingly, E. coli O157:H7 (rough; do not 
express O157 antigen) and E. coli O157:non-H7 phenotypes were isolated more frequently from the 
southern plant during April through August. We are still in the process of completing the 
characterization of the isolates. 

Implications 

The prevalence of E. coli O157:H7 on hides and fence panels in the holding pens was significantly 
higher for the southern plant, and the prevalence on hides was higher for the months of May, July, 
August, and October whereas the northern plant showed its highest prevalence during the months of 
July and August. In contrast, the northern plant had the highest prevalence of this pathogen on pre-
evisceration and dressed carcasses. The environmental sites identified as positive for E. coli 
O157:H7 were in the slaughter floor (southern plant), and fabrication floor and locker room 
(northern plant), which suggest that possible source of cross-contamination are from 
processing equipment as well as plant personnel. Finally, differences were observed in the 
genotypic and phenotypic profile among the E. coli O157:H7 isolated from both plants. 
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Overall, the results indicated that there is a seasonal and geographical difference in the prevalence 
of this pathogen between the plants tested.       

Table 1. Environmental sampling sites for each processing plant (Southern and Northern U.S.) 

Plant site Number of samples per month 
Pre-operationa:  
Slaughter floor  
Drains 10 
PCSb 10 
Brisket saw 4 
Split saw 4 
Fabrication floor:  
PCS-belts on 6 tables 12 
PCS-80 feet belt 2 
PCS-Cross over belt 2 
PCS-upgrade trim area 4 
  
Anytime during operationc:  
Locker room: 6 
Drains 6 
Knob on external door 6 
Knobs on toilet stalls 6 
Knobs on lockers 6 
Knobs on soap dispenser 6 
Holding pen fences:  
Panels 15 
  
Late in operationc:  
Slaughter floor:  
Trolleys 15 
Drains 15 
PCS 15 
Brisket saw 6 
Split saw 6 
Fabrication floor:  
PCS-belts on 8 tables 18 
PCS-80 feet belt 3 
PCS-Cross over belt 3 
PCS-upgrade trim area 6 

aSamples were taken on the first and third week of the month. 
b Product contact surface. 
c Samples were taken on the first, second and third week of the month. 
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Table 2. Prevalence (%) of Escherichia coli O157:H7 in the holding pens environment and on cattle hides and 
carcasses in the southern and northern plants. 

Site/Plant E. coli O157:H7 
Hides:  
South 348/511 (68.1)*** 
North 29/522 (55.9) 
  
Pre-evisceration carcasses:  
South 16/510 (3.1)*** 
North 57/523 (10.9) 
  
Dressed carcasses in the hotbox:  
South 0/497 (0.0)* 
North 5/520 (1.0) 
  
Fence panels in the holding pen  
South 10/75 (13.3)+ 
North 4/75 (5.3) 

+ P<0.10 
* P<0.05) 
*** P<0.001 

 

 

Table 3. Interaction of plant (south vs. North) and sampling month on the prevalence (%) of Escherichia coli 
O157:H7 on hides. 

 E. coli O157:H71 
Month South North 
April 46.5c 40.4c 
May 79.0a 44.8c 
July 72.5ab 71.4ab 
August 81.8a 82.7a 
October 60.6b 40.4c 

1 Means not bearing a common superscript letter differ (P<0.05). 
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Table 4. Differences between the Southern and Northern plants for prevalence (%) of pathogens in slaughter 
floor environmental samples. 

Site/Plant+ E. coli O157:H7 
Floor drains: before operation  
South 0/50 (0.0) 
North 0/50 (0.0) 
  
Floor drains: late during operation  
South 0/75 (0.0) 
North 0/75 (0.0) 
  
Product contact surfaces: before operation  
South 0/49 (0.0) 
North 0/50 (0.0) 
  
Product contact surfaces: late during operation  
South 1/74 (1.4) 
North 0/75 (0.0) 
  
Brisket saw: before operation  
South 1/20 (5.0) 
North 0/11 (0.0) 
  
Brisket saw: during break/lunch  
South 0/30 (0.0) 
North 0/16 (0.0) 
  
Splitting saw: before operation  
South 0/20 (0.0) 
North 0/20 (0.0) 
  
Splitting saw: during break/lunch  
South 0/27 (0.0) 
North 0/29 (0.0) 
  
Trolleys: late during operation  
South 0/73 (0.0) 
North 0/73 (0.0) 

+ Plants did not differ for any comparison (P>0.10). 
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Table 5. Differences between the Southern and Northern plants for prevalence (%) of Escherichia coli O157:H7 
in fabrication floor environmental samples. 

Site/Plant+ E. coli O157:H7 
Product contact surfaces: before operation  
South 0/100 (0.0) 
North 2/98 (2.0) 
  
Product contact surfaces: late during operation  
South 0/150 (0.0) 
North 0/148(0.0) 

+ Plants did not differ for any comparison (P>0.10). 

 

Table 6. Differences between the Southern and Northern plants for prevalence (%) of Escherichia coli O157:H7 
in locker room environmental samples anytime during operation. 

Site/Plant+ E. coli O157:H7 
Floor drains:   
South 0/28 (0.0) 
North 1/30 (3.3) 
  
Knob on the door locker rooms  
South 1/30 (3.3) 
North 0/30 (0.0) 
  
Knob on the lockers  
South 0/29 (0.0) 
North 0/30 (0.0) 
  
Knob on the soap dispensers  
South 0/28 (0.0) 
North 0/30 (0.0) 
  
Knob on the door to toilet stalls  
South 0/30 (0.0) 
North 1/30 (3.3) 

+ Plants did not differ for any comparison (P>0.10). 
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Table 7. Genotypic and phenotypic characterization of E. coli O157:H7 isolates for (expressed in %) both 
Southern and Northern beef processing plants. 

Assay/Month South Plant North Plant 
PCR1   
April:   
stx1 3.0 72.1 
stx2 95.4 9.9 
stx1/stx2 0.5 16.9 
rfbEO157 Only 1.0 0.6 
   
May:   
stx1 0.0 17.4 
stx2 91.4 52.6 
stx1/stx2 4.1 30.0 
rfbEO157 Only 3.2 0.0 
   
July:   
stx1 0.0 3.6 
stx2 63.7 21.0 
stx1/stx2 34.4 75.4 
rfbEO157 Only 2.2 0.0 
   
August:   
stx1 0.0 0.5 
stx2 83.1 11.3 
stx1/stx2 16.9 88.1 
rfbEO157 Only ND4 ND 
   
October:   
stx1 0.0 0.0 
stx2 35.7 25.0 
stx1/stx2 48.2 18.8 
rfbEO157 Only 16.1 56.2 
   
Five-month total PCR   
stx1 0.6 18.9 
stx2 77.2 23.6 
stx1/stx2 18.5 55.2 
rfbEO157 Only 3.3 2.1 
   
ELISA   
April:   
O157:H7 91.4 91.8 
O157-:H7 (rough phenotype)2 4.6 0.6 
O157:H7-3 3.0 7.0 
   
May:   
O157:H7 95.6 82.6 
O157-:H7 (rough phenotype) 0.6 1.1 
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O157:H7- 0.6 16.3 
   
July:   
O157:H7 93.3 98.4 
O157--:H7 (rough phenotype) 1.9 0.0 
O157:H7- 2.5 1.3 
   
August:  (First 2 weeks) 
O157:H7 90.8 78.2 
O157--:H7 (rough phenotype) 2.8 0.4 
O157:H7- 1.2 2.9 
   
October:   
O157:H7 69.6 37.5 
O157--:H7 (rough phenotype) 0.0 6.3 
O157:H7- 14.3 0.0 
   
Five-month total ELISA:   
O157:H7 92.2 91.6 
O157--:H7 (rough phenotype) 2.1 0.6 
O157:H7- 2.8 5.7 

1 Isolate also carries the virulence factors rfbEO157, fliCH7, and eaeA, unless otherwise stated. 
2 Those E. coli O157:H7 isolates that are rough phenotype does not express the O157 antigen on the bacterial cell surface 
but possesses the rfbEO157 gene fragment. 
3 Isolates that gave an H7 negative reaction in the ELISA assay exhibit the fliCH7 gene fragment by PCR which indicates that 
these E. coli O157:H7 isolates do not express the H7 flagella antigen. 
4 Not done; characterization of the isolates is in progress. 

 

 

 

 

 

 

 

 


