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ABSTRACT:  Research in recent years has indicated that sheep harbor verotoxin-producing Escherichia coli (VTEC), including O157:H7 at high rates.  Although sheep have never been implicated in a VTEC associated foodborne outbreak, the risk of infection of their products share a food safety risk similar to that of beef.  Specific characteristics (i.e. sorbitol negative and 4-methylumbelliferyl-β-D-glucuronide [MUG] negative) are usually associated with E. coli O157:H7 and are used for presumptive identification.  However, VTEC encompass numerous serotypes of E. coli and are not limited to sorbitol negative; MUG negative isolates.  The objective of this study was to assess the prevalence of  VTEC in sheep grazing Great Basin range forages over a 6-month period (summer and fall of 1999).  Twenty yearling (15-mo old) ewes (7/8 Merino; 1/8 Rambouillet) were selected at random from a large flock (>1,000 ewes) at Rafter 7 Ranch.  The ewes grazed desert range forages (Indian ricegrass [Oryzopsis hymenoides] and various shrubs including white sage [Ceratoides lanata], fourwing saltbush [Atriplex canescens], and big sagebrush [Artemisia tridentata]).  Fecal samples were rectally collected in August and November.  Initial E. coli isolates (n = 601) were selected by using microbiological methods utilizing the lack of sorbitol fermentation properties of E. coli in conjunction with MUG.  Verocytotoxicity tests were performed to determine the toxicity status of the isolates (n = 124).  Six isolates from three ewes (fall collection only) were cytotoxic.  Two of the isolates matched the classical identification of O157:H7 (sorbitol negative; MUG negative) and four isolates were sorbitol negative but MUG positive.  The prevalence rate of VTEC in our ewes was 15% in the fall collection while no VTEC were detected in the winter, suggesting that the infection was transient.  Based on the characteristics of our isolates, different serotypes of E. coli (including O157:H7) may infect sheep grazing arid range lands.  These results also support the importance of screening sheep for VTEC instead of limiting the tests to O157:H7.
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Introduction
Extensive research with  beef cattle, dairy cattle, and sheep has documented the presence of E. coli O157:H7  in their feces.  The serotype E. coli O157:H7 was first recovered from 4 of 205 lamb meat samples obtained from the refrigerated meat sections of several grocery stores in Wisconsin (Doyle and Schoeni, 1987).   Later, Kudva et al. (1996) found E. coli O157:H7 naturally occurring in sheep in Idaho.  In their study, 35 healthy ewes were  randomly selected  from a large sheep population (> 1,000) grazing native forages  (sagebrush and bunchgrass) freely under range conditions.  Fecal examination of the 35 ewes over a 6-month period revealed that 11 (35%) were positive in June, 2 (6%)  were positive in August, and none (0%) was positive in November.  All ewes remained healthy throughout the study and no correlation was detected between the ewe’s breed and shedding of the pathogen.  Although human illnesses due to E. coli O157:H7 infection have not been traced to animals other than cattle (i.e., eating undercooked beef [Cieslak et al.,  1997] or processed raw beef [Reis et al.,  1980] contaminated with ruminant feces [Brown et al.,  1997]), the risk of infection by consumption of sheep  products should not be ignored.

In addition to the US, worldwide human illnesses have also been associated with non-O157:H7 E. coli. serotypes (Buchanan and Doyle, 1997).  VTEC-associated illnesses range from mild diarrhea to life-threatening hemolytic uremic syndrome with the most common illness being  self-limiting bloody diarrhea known as hemolytic colitis (Buchanan and Doyle, 1997).  These illnesses are presumably caused by toxins produced by VTEC.  The two distinct toxins produced by VTEC are referred to as verotoxin 1 (VT1) and verotoxin 2 (VT2).  These toxins closely resemble toxins produced by Shigella dysentariae (O'Brien and Holmes, 1987) and are also referred to as Shiga-like toxins 1 and 2. It is not necessary for a VTEC serotype to produce both toxins in order to cause a human illness.  Researchers have found that both toxins as well as individual toxins (VT1 or VT2) have been associated with human illnesses (Lior, 1994).

Sheep, the second most common species of ruminant food animals, reportedly harbor VTEC at high rates.  For example, 67% of the sheep tested by Beutin et al. (1993) had detectable levels of non-O157:H7 VTEC in their feces.  VTEC also were detected in 48% of the lamb meat samples examined during an investigation of contaminated retail sheep products (Samadpour et al.,  1994).   In another study by Chapman et al. (1997), fecal samples from sheep were examined monthly (at the time of slaughter) for a one-year period.  E. coli O157 was isolated from 22 (2.2%) of the 1,000 sheep tested. 

Previous studies on sheep  in the US have focused on detecting E. coli O157:H7. However, little is known about the prevalence of VTEC as a whole in sheep flocks.  Despite the fact that sheep and their products have not been documented as causes of VTEC infection in humans, they should not be overlooked as possible vehicles for such infection.  Expanding sheep testing to VTEC rather than focusing only on O157:H7 is important because of the increasing  evidence of non-O157:H7 strains causing human illnesses.  Therefore, the objective of this study was to examine the prevalence of VTEC in sheep grazing Great Basin range forages.
Methods and Materials
Twenty yearling (15-mo old) ewes (7/8 Merino; 1/8 Rambouillet) were selected at random from a large flock (>1,000 ewes) at Rafter 7 Ranch (Yerington, NV).  A total of 40 fecal samples were rectally collected over a six-month period (summer [August] and fall [November] of 1999).  The ewes grazed desert range forages (Indian ricegrass [Oryzopsis hymenoides] and various shrubs including white sage [Ceratoides lanata], fourwing saltbush [Atriplex canescens], and big sagebrush [Artemisia tridentata]).   Each fecal sample was placed in a sterile Whirl-pak (Nasco, Modesto, CA) bag.  The fecal samples were immediately returned to the laboratory and processed. 

Enumeration of E. coli in fresh fecal samples were conducted by plate counts of processed fecal samples  by adding 1.0 g of feces to 25 ml of enrichment medium (i.e., tryptic soy broth; [TSB; Hardy Diagnostics, Santa Maria, CA] containing novobiocin [20 μg/ml; Sigma, St. Louis, MO] and vancomycin [40 μg/ml; Sigma, St. Louis, MO]).  The mixture was vortexed to suspend the fecal material and was incubated at room temperature for 20 min to allow for antibiotic selection.  The optimal dilutions for plating were established by preliminary experiments.  The suspensions of feces were 10-fold serially diluted to 10-2 and were plated (in duplicate) onto sorbitol MacConkey (SMAC) agar (Hardy Diagnostics, Santa Maria, CA) containing novobiocin (20 μg/ml) and vancomycin (40 μg/ml), and were incubated at 37oC for 18 h.  Suspensions of feces in the enrichment medium were then  incubated at 37oC for 18 h with continuous shaking.  Suspensions were 10-fold serially diluted to 10-7and the 10-5, 10-6, and 10-7 dilutions were plated (in duplicate) onto SMAC agar and were incubated at 37oC for 18 h.  All colonies were enumerated by using a Bantex Model 900A illuminated colony counter (Fisher Scientific, Atlanta, GA).

Non-sorbitol fermenting colonies  (i.e., white colonies) on SMAC plates were subcultured to MacConkey agar grid plates containing MUG (MMAC; Hardy Diagnositics, Santa Maria, CA).  If SMAC plates contained ten or less sorbitol negative colonies, all colonies were transferred to MMAC plates.  However, if the SMAC plate had greater than 10 white colonies a subset (Hancock et al.,  1994) of the sorbitol negative colonies (i.e., 10%) were randomly selected and were transferred to MMAC plates.  MMAC plates were incubated at 37oC for 18 h and were observed on a UV light box (Fotodyne, New Berlin, WI).

Bacterial isolates were confirmed as E. coli or other Enterobacteriaceae by biochemical tests using the API 20E Identification System (bioMerieux Vitek, Inc., Hazelwood, MO).

Samples from each ewe for each collection period were tested for verotoxicity.  Colony isolates were grown at 37oC for 18 h in 5 ml TSB.  The cultures were centrifuged (3,000  g for 10 min), and the resulting supernatants were filtered through 0.2 μm sterile syringe filters (ISC BioExpress, Kaysville, UT).  The sterile supernatants were used for determination of verotoxicity as previously described (Konowalchuk et al.,  1977).  Negative controls of minimal essential medium Eagle (MEME; Mediatech, Inc, Herndon, VA), TSB medium, and non-verotoxin producing E. coli (ATCC 43888) were analyzed with each set of plates.  In addition, each set of plates contained a positive control panel of supernatant fluids from three E. coli isolates known to produce only VT1 (ATCC 43890), only VT2 (ATCC 43889) or both VT1 and VT2 (ATCC 43895).  Positive and negative  isolates from the ewes were determined by the lack or presence of a confluent monolayer, respectively.  Results were recorded after 24 and 48 h of incubation.

All verocytotoxic-positive isolates recovered from fecal samples were confirmed to be of  VT1 or VT2 genotypes by polymerase chain reaction (PCR).   In a single tube, a 30 μl PCR reaction mixture containing 100 ng of both forward and reverse primers, 0.3 μl of each 20 mM dNTP (Parmacia Biotech, Piscataway, NJ), 1.2 units (5 units/μl) Taq DNA polymerase (Promega, Madison, WI), 2.2 μl of 25 mM MgCl2 (Promega, Madison, WI), and 3 μl Taq DNA polymerase 10  MgCl2-free buffer (Promega, Madison, WI) was prepared.  Whole cells from each bacterial culture (1 μl liquid culture) was added to the PCR mixture instead of purified nucleic acids.  Oligonucleotide primers were commercially prepared (Life Technologies GIBCO BRL Rockville, MD).  Primers and the predicted product length are listed in Table 1.  The PCR mixture was amplified by using a Mastercycler Gradient Thermocycler (Eppendorf, Westbury, NY) following the temperature program previously reported (Pollard et al.,  1990). Amplified DNA fragments were visualized by gel electrophoresis on  1% agarose with ethidium bromide (10 mg/ml).
Results and Discussion
Based on the microbiological methods utilizing the lack of sorbitol fermentation properties of E. coli in conjunction with MUG, 601 initial isolates were selected (Table 2).  Because our objective was to screen for VTEC and not specifically for O157:H7, our tests were not limited only to sorbitol-negative; MUG negative isolates.  601 isolates were randomly selected from the 20 ewes sampled in both summer (August) and winter (February). These isolates were screened for cytotoxicity by using classic verocytotoxicity tests (Table 2).  Positive isolates were recongized by their destruction of the Vero cell (African Green-Monkey kidney cell) monolayer. Six isolates from three ewes (during the fall collection)  were cytotoxic while no isolates from the summer collection were cytotoxic.  Therefore, the prevalence rate of VTEC in our flock was 15% for the winter, and none in the summer.  These results are in direct contrast to those of  previous O157:H7 research indicating the highest prevalence rate occurring in the summer months (Hancock et al.,  1994).

The ability of some VTEC isolates to ferment sorbitol was used to identify the sorbitol-negative isolates by colorimetric methods.  White colonies on SMAC agar represent isolates that could not ferment sorbitol, while purple colonies represent those isolates that could ferment sorbitol.  Due to the possible bias of the subjective color identification, we confirmed the sorbitol fermentation status, as well as the genus of a random selection of the isolates by using the API identification system.  The six cytotoxic positive isolates were confirmed as E. coli as well as sorbitol positive.

PCR was used to determine that the 6  cytotoxic isolates had the cytotoxic genes (VT1 and VT2).  Classical characteristics (i.e., sorbitol-negative; MUG negative) of E. coli O157:H7 were not found within the 6 VTEC isolates, suggesting the presence of other VTEC serotypes.

Implications

Although no human illnesses due to consumption of lamb or mutton have been reported, the risk of human infection  is similar to that of beef.  Sheep are shown to serve as a viable reservoir for E. coli O157:H7 (Kudva et al.,  1995; Kudva et al.,  1996).  Our results suggest that sheep harbor other serotypes of VTEC and that sheep should be included  with cattle for any on-farm management strategy to minimize the risk of food contamination with such pathogens.
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