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ABSTRACT To investigate evidence of cross-contamination and to determine patterns of antimicrobial drug susceptibility of Enterococcus isolates in a commercial cattle processing system, samples were collected from 60 cattle shipped to a commercial abattoir. Enterococcus isolates were recovered from fecal and hide samples collected immediately before shipment from a feedlot to the abattoir, from postexsanguination hide samples at the abattoir, and from carcass samples collected after hide removal (preevisceration) and in the cooler. Of the fecal samples, 53.9% were culture positive for Enterococcus. Of hide samples collected at the feedlot, 77.8% were positive for Enterococcus, significantly lower (P ⬍ 0.01) than the proportion of hides that were culture positive at the abattoir (96.1%). For preevisceration carcass samples, Enterococcus was recovered from 58.3% of carcasses. Only 8.3% of the carcasses sampled in the cooler yielded Enterococcus. Resistance among Enterococcus isolates was common regardless of the type or location of sample from which the isolate was recovered. All 279 Enterococcus isolates were resistant to at least one antimicrobial drug, and 179 (64.2%) of these isolates were resistant to at least six drugs. The most common resistance was to chloramphenicol (100% of isolates) followed by flavomycin (90.3%), lincomycin (87.8%), tylosin (78.5%), erythromycin (76.3%), tetracycline (58.9%), quinupristin-dalfopristin (47.7%), bacitracin (17.9), streptomycin (9.0%), ciprofloxacin (1.4%), linezolid (0.7%), and salinomycin (0.4%). Enterococcus isolates also were characterized using pulsed-field gel electrophoresis to evaluate molecular similarities. Similar or indistinguishable electrophoresis patterns were found among isolates recovered at the feedlot and in the plant, providing evidence that feedlot-origin bacterial isolates are being transferred from cattle to carcasses within the processing environment through cross-contamination.



Antimicrobial drugs are used in animal agriculture to treat diseases, increase the rate of growth, and improve feed efficiency (8, 20, 23). Although there is general agreement that prudent use of antimicrobial drugs in animal production is warranted and critical for care of sick animals, some uses are considered contentious, and there is no international consensus on the definition of ‘‘prudent use,’’ which varies depending on the country and whether such guidelines stem from animal or human health authorities. In Europe, many people believe that subtherapeutic usage of antimicrobial drugs for food animals is imprudent (1, 2, 13), and this idea has led to bans on certain growth promotion uses of antimicrobials. In other countries, however, such bans have not been supported (17). Recently, the U.S. Government Accountability Office (21), an investigative arm of the U.S. Congress, filed a report that outlines U.S. Food and Drug Administration (FDA) findings. The FDA suggested that the misuse of antibiotics in animal agriculture has led to antibiotic resistance in humans and that the use of certain antibiotics (particularly those similar to antimicrobials used for human health) in animals may reduce the effectiveness of our ‘‘shrinking supply of life-saving antibiotics for humans.’’ Over the past few decades, Enterococcus has emerged * Author for correspondence. Tel: 806-742-2805; Fax: 806-742-0898; E-mail: [email protected].



as one of the most important bacterial causes of human nosocomial infections (7, 18, 22, 23). During this period, Enterococcus species have acquired specific mechanisms of resistance that have made enterococcal infections difficult to treat. These antimicrobial-resistant enterococci have become an important public health burden because of the increased cost of treatment, length of morbidity, and likelihood of death. The most common antibiotics used to treat enterococcal infection have included those in the macrolide-lincosamide-streptogramin (MLS) classes (14), but resistance to these classes has emerged. Although alternatives are available, resistance to these alternative treatments has been extremely problematic and has reduced therapeutic options. Three basic mechanisms account for acquired resistance to MLS antibiotics: modification of the substrate target of the drug, inactivation of the drug itself, and active efflux of the antibiotic to lower its intracellular concentration. Single alteration of the 23S rRNA can confer broad cross-resistance to MLSb antibiotics. Various researchers have investigated macrolide resistance in gram-positive bacteria and noted cross-resistance or coresistance to several unrelated classes of antimicrobial agents (3, 5, 16). Some level of resistance dissemination among enterococci probably can be attributed to human use. However, enterococci are commonly found in meat and poultry products.
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Therefore, humans may be exposed to animal-origin Enterococcus strains from edible animal products. More research is needed to better understand the diversity, susceptibility, and potential for and extent of carcass contamination with animal-origin enterococci. Relatively few published data support such a link between the feedlot and abattoir, even though logical empirical and observational evidence of such a link has been found for Escherichia coli O157. Some researchers have argued that the link between incoming burden and finished product is tenuous and that most contamination occurs during fabrication. More research clearly is needed. The objective of this study was to evaluate antibiotic resistance patterns found among Enterococcus spp. from cattle produced in a research feedlot and to determine whether genetically similar or indistinguishable isolates could be recovered from the feedlot and a commercial abattoir. MATERIALS AND METHODS Sample collection. Sixty mixed-breed steers (20 per replication) from a single source population of 360 were purchased and delivered to the Burnett Center for Beef Cattle Research and Instruction (Texas Tech University, Lubbock, Texas). After arrival at the Center, the steers were individually weighed (initial average body weight of approximately 340 kg), identified with sequentially numbered ear tags, and routinely processed. Steers were housed in dirt-floor pens and fed a 70% concentrate starter diet for approximately 7 to 10 days. The finishing diet consisted of steam-flaked corn-based meal, with either alfalfa or cottonseed hulls as the roughage source. Antimicrobial growth promoters included in this diet were monensin (30 g per short ton; Elanco Animal Health, Lenexa, KS) and tylosin (8 g per short ton; Elanco). Intermediate body weights were recorded on a pen basis on study days 28, 84, and 112. Individual body weights were recorded on day 56 when the cattle were reimplanted and again on the day of shipment to the slaughter plant. Ten grams of fecal material was aseptically collected from each steer via rectal palpation immediately before shipment to a commercial abattoir. While each steer was restrained, a sample area of 30 by 30 cm on the perineal hide was swabbed with a gauze pad (10 by 10 cm) soaked in sterile buffered peptone water (BPW). Each sample pad was then placed in a separate labeled container. All samples were placed on ice in a cooler and transported within 1 h to the Texas Tech Food Safety Laboratory for processing. All animals in each pen were sampled at the farm, and we retrospectively selected the farm samples from the same animals that were sampled in the abattoir. Upon arrival at the commercial abattoir, the steer order was recorded to link the animal tag number back to its respective carcass during processing. Then the opposite side of each steer’s perineal hide was sampled as previously with a gauze pad. Steers were sent through the plant in groups of 5 (total of 20 animals per replication), with 20 nonstudy animals processed between each group, allowing time to swab each carcass and prepare for the next set of 5 study animals. Immediately after hide removal but before the hot-water wash intervention, a carcass swab was collected from an area (30 by 30 cm) of the hindquarter near the rectal opening. After carcass entry into the cooler, a swab sample was collected from the perineal area of the opposite hindquarter. Microbial analysis. Upon arrival at the laboratory, samples were processed for isolation of Enterococcus spp. Common U.S.
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Department of Agriculture methodology was used for recovery of all organisms. Fecal samples. A 10-g portion of fecal matter was aseptically transferred into 90 ml of BPW and shaken for 1 min. To isolate Enterococcus, 0.1 ml of the diluted BPW sample was streaked onto a KF Streptococcus agar plate supplemented with triphenyltetrazolium chloride solution as a color indicator. These plates were then incubated at 37⬚C for 24 h. Hide and carcass samples. Hide and carcass samples were processed in a manner similar to that for fecal samples. BPW (90 ml) was poured into each labeled bag containing a sponge sample and manually massaged for 1 min. The hide samples were immediately cultured for Enterococcus as described for fecal samples. For the third sampling period, carcass samples were subjected to a preenrichment step by holding for 18 h at 37⬚C and then plated on selective medium. Previous studies and our preliminary data indicate that this procedure improves the chances for Enterococcus recovery, possibly by allowing stressed or injured cells time to recover. If not killed, bacteria may be injured when subjected to intervention strategies that are commonly used in the packing plant, such as acid or hot-water washes, steam cabinets, or steam vacuuming. Our collaborating abattoir used steam vacuums at multiple sites along the processing pathway. Preevisceration carcasses (after precooler sample collection) proceeded through a hot-water wash. Before entering the cooler, eviscerated carcasses were subjected to a hot-water wash and then an acid wash and finally were passed through a steam cabinet. Confirmation. Typical Enterococcus isolates from KF Streptococcus plates were selected and transferred to 10 ml of brain heart infusion (BHI) broth and incubated for 24 h at 35⬚C. The BHI cultures were then Gram stained and transferred into BHI broth with 6.5% salt and into KF Streptococcus broth. The inoculated BHI broth with added salt was incubated at 35⬚C for 72 h to determine the ability of Enterococcus to withstand high salt concentrations. The KF Streptococcus broth was incubated for 24 h at 45⬚C to determine the ability of Enterococcus to grow at high temperatures. Typical colonies (three to five per plate) were streaked for isolation on BHI agar plates, and resulting colonies were tested for catalase reactions by adding a few drops of 3% hydrogen peroxide to each isolated colony. Enterococcus isolates were identified to species using commercially available biochemical kits (bioMe´rieux Vitek Inc, Hazelwood, MO) as described by Padiglione and coworkers (12). Antimicrobial drug susceptibility testing. MICs of a panel of antimicrobial drugs were determined using a broth microdilution technique (Sensititre, TREK Diagnostic Systems, Cleveland, OH). Sets of 96-well microdilution plates were designed specifically based on desired antimicrobial drug panels (Table 1). Concentrations of the antimicrobial drugs to be tested were serially diluted across the plates (11). Three well-isolated colonies grown on appropriate media were placed into 10 ml of sterile, deionized water and adjusted to a 0.5 McFarland standard. A 10-l portion of the suspension was transferred into Mueller-Hinton broth and mixed on a vortex mixer. An eight-channel multipipettor was used to deliver the culture into the 96-well plates. Plates were covered with the adhesive provided with the test kit and incubated at 35⬚C for 18 to 24 h. Plates were manually read and exposed to natural light on the underside of the wells to more easily discern visible growth. The MIC was reported as the lowest concentration of the antimicrobial drug that inhibited visible growth. Appropriate Clinical and Laboratory Standards Institute (CLSI) quality control organisms were
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TABLE 1. Sensititre custom plate format for gram-positive organisms Antimicrobial drug



Concn (g/ml)



Bacitracina Ciprofloxacin Chloramphenicol Erythromycin Flavomycina Gentamicin Kanamycina Linezolid Penicillin Quinupristin-dalfopristin Streptomycin Salinomycina Tetracycline Vancomycin Lincomycina Tylosin tartratea Nitrofurantoin



8–128 0.12–4 2–32 0.5–8 1–32 128–1024 128–1024 0.5–8 0.5–16 1–32 512–2048 1–32 4–32 0.5–32 1–32 0.25–32 2–128



a



No current CLSI standard is available.



used during each replication (Enterococcus faecalis ATCC 29212) to ensure that our methods were within quality control ranges (9). PFGE. Pulsed-field gel electrophoresis (PFGE) was performed following the protocol outlined in the GenePath Group 1 reagent kit (Bio-Rad, Hercules, CA) for separation of DNA molecules from Enterococcus spp. Well-isolated organisms were grown overnight at 37⬚C in 3 ml of BHI broth. The control organism (Staphylococcus aureus, included in kit) was thawed, and 10 l of this culture was added to 3 ml of Trypticase soy broth and incubated at 37⬚C overnight. The overnight cultures were added to 2-ml microcentrifuge tubes, 1,200 l of Enterococcus isolate culture and 90 l of Staphylococcus control culture. Samples were centrifuged for 1 to 2 min at 12,000 rpm to pellet the cells. The supernatant was then removed, and pellet sizes were compared with those on a chart provided by Bio-Rad. Cells were then suspended in 150 l of cell suspension buffer and incubated at 50⬚C to equilibrate. Lysozyme-lysostaphin solution (6 l) and 150 l of embedding agarose (approximately 1.2%) were added to each cell suspension. This solution was gently mixed for each culture by slowly pipetting up and down and then immediately was added to a well of the plug mold. After the agarose solidified, each plug was added to another 2-ml microcentrifuge tube, and 500 l of lysis buffer and 20 l of lysozyme-lysostaphin solution were added. Plugs and solution were mixed by gentle inversion and incubated for 1 h at 37⬚C. The supernatant solution was then aspirated, and plugs were rinsed once with wash buffer at room temperature. After this rinse, 500 l of proteinase K buffer was added to each sample plug, mixed by inversion, and incubated overnight at 50⬚C. All samples were then subjected to a series of washing steps in which 1 ml of wash buffer was added, samples were placed on a rocker for 30 min, and the wash buffer was removed. New wash buffer was added, and the process was repeated, for a total of three washes. One plug was removed for each sample and rinsed in a 1.5ml microcentrifuge tube with 0.1⫻ wash buffer for 30 min in a rocker at room temperature. The wash buffer was then removed, and 500 l of SmaI buffer (a commonly used restriction enzyme buffer) was added to each sample, which was then placed on the rocker for 30 min. This buffer was then removed and replaced



with 300 l of fresh SmaI buffer to which 5 l (25 units per plug) of SmaI enzyme was added. The tube containing the plug buffer and enzyme was mixed gently by tapping the tube and then incubated overnight at 25⬚C. After digestion, 500 l of wash buffer was added, and the plugs were stored at 4⬚C for no more than 2 weeks until used for the PFGE analyses. The Chef III system (Bio-Rad) was used for all PFGE analyses. Before the plugs were prepared for setting in the gel, 0.5⫻ Tris-borate-EDTA buffer was poured into the PFGE apparatus to cool to 14⬚C, with a pump setting of 70 to 80 mb. The gel casting assembly was set up, and molten 1% certified gel agarose was poured into the cast and allowed to solidify. Plugs were then placed on a smooth, clean petri dish and cut longitudinally into thirds (approximately 1.5 mm high and 8 mm wide) with a sharp spatula. The cut plugs were then pressed gently into the wells of the gel with a small spatula. In addition to the DNA plugs, a DNA size standard lambda ladder was placed in lanes 1 and 7 of the gel. A small amount of low-melt agarose was then placed over the top of each well to secure the plugs in place. The entire gel was then placed in the PFGE apparatus and allowed to cool to 14⬚C before the electrophoresis cycle was started. All Enterococcus DNA samples were run for 15 h at 6 V/cm, with 4 s initial and 40 s final linear ramp switch times. Cluster analysis. Gel images were imported into the BioNumerics software program (Applied Mathematics, Inc., Gales Ferry, CT) for cluster analysis. Genetic similarities among strains were evaluated using the Dice algorithm (4), and strains were allocated into clusters using the unweighted pair group method with arithmetic mean (UPGMA) (15). Position tolerances were set at 1.0%. The resulting dendograms were then evaluated for specific patterns that would indicate (i) transmission of species from the feedlot environment to the commercial abattoir and (ii) sample type relationships. Genetic profiles also were matched to antimicrobial drug susceptibility profiles to search for possible relationships. Statistical analysis. This observational longitudinal study yielded five data sets from the observations associated with each sample location and type. Sampled were collected from five different sites on each animal for recovery of Enterococcus spp. No area of the animal was sampled or swabbed more than once. A sample was considered positive for Enterococcus when one or more of the isolates recovered from the sample was confirmed at the species level. A categorical table was created with either a positive or negative result for each sample type at each sampling location for each Enterococcus species. Descriptive statistics were then generated using various procedures in a commercially available software package (SAS System release 8.2, SAS Institute, Cary, NC) with a chi-square analysis. On several occasions, a day effect was observed for a particular sample type, and data were then analyzed separately for each sampling day for that sample type. The variation in the likelihood of recovery of organisms within each sampling location (areas 1 through 5) was evaluated with logistic regression techniques.



RESULTS AND DISCUSSION For fecal samples, 53.9% ⫾ 27% of samples were culture positive for Enterococcus spp.; however, there was a significant difference between sampling days (P ⬍ 0.001). For the third sampling period, 95.0% of the feedlot (EFF) samples were culture positive for Enterococcus compared with only 30 to 37% that were positive for the first two sampling periods. It is not clear why recovery was greatest
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FIGURE 1. Proportion of samples that were culture positive for Enterococcus spp. Samples were collected from feces, hides, and carcasses before and after transport of cattle to a commercial abattoir. EFF, fecal samples collected at the feedlot; EFH, hide samples collected at the feedlot; EPH, hide samples collected at the processing plant; EPP, preevisceration carcass samples collected at the processing plant; EPC, carcass samples collected in the cooler at the processing plant.



for the third replicate. The discrepancy may reflect true differences in the extent of shedding or may reflect the improvement in laboratory recovery methods for feces as the study proceeded. For hide samples at the feedlot (EFH), 77.8% ⫾ 22% were positive for Enterococcus, which was significantly lower (P ⬍ 0.001) than the 96.1% ⫾ 11% of the hide samples that were positive at the commercial abattoir (Fig. 1). Because this effect occurred regardless of time, it appears that enterococci are more easily harvested from hides at the abattoir than before shipment. The reason for this difference is not clear, and more research is needed to better understand this phenomenon. Of the preevisceration carcass (EPP) samples, 58.3% ⫾ 26% were positive for Enterococcus. There was a sampling day effect in which the third sampling period resulted in 100% recovery, whereas recovery in the first two sampling periods was 40 and 35%, respectively (Fig. 1). For carcass samples collected in the cooler, no Enterococcus spp. were recovered during the first two sampling periods; however, 5 of the 20 carcasses tested during the third sampling period were positive for Enterococcus. The addition of a nonselective preenrichment step for carcass samples improved recovery of Enterococcus during the third sampling period. Of 279 confirmed Enterococcus isolates, all were resistant to at least one antimicrobial, and 179 (64.2%) of these isolates were resistant to at least six agents tested. The most common resistance was to chloramphenicol (100% of isolates) followed by flavomycin (90.3%), lincomycin (87.8%), tylosin (78.5%), erythromycin (76.3%), tetracycline (58.9%), synercid or quinupristin-dalfopristin (47.7%), bacitracin (17.9%), streptomycin (9.0%), ciprofloxacin (1.4%), linezolid (0.7%), and salinomycin (0.4%) (Fig. 2). No Enterococcus isolates were resistant to penicillin, vancomycin, kanamycin, or gentamicin. Forty-eight
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FIGURE 2. Antimicrobial drug resistance in Enterococcus spp. recovered from pre- and postharvest cattle sources in a commercial processing system. CHL, chloramphenicol; FLV, flavomycin; LIN, lincomycin; TYL, tylosin; ERY, erythromycin; TET, tetracycline; SYN, synercid, quinupristin-dalfopristin; BAC, bacitracin; STR, streptomycin; CIP, ciprofloxacin; LZD, linezolid; SAL, salinomycin.



unique antimicrobial drug profiles were observed. The most common phenotype (21.5%) was resistance to seven antimicrobial drugs: tylosin, flavomycin, lincomycin, erythromycin, chloramphenicol, quinupristin-dalfopristin, and tetracycline (this profile included coresistance to the MLS family). The next most common phenotype (14.3%) was resistance to six of these same antibiotics, excluding quinupristin-dalfopristin (synercid). Resistance to synercid may be problematic because this antibiotic has been approved by the FDA for treatment of vancomycin-resistant Enterococcus faecium infections (19). Erythromycin and tylosin are macrolide class antimicrobials; flavomycin is a bambermycin-type compound (8). Currently, tylosin is administered at subtherapeutic levels to feedlot cattle to control liver abscesses (8). The Enterococcus isolates recovered in this study appeared to have a higher level of resistance to this class of antibiotics, which may indicate some selection occurring at the feedlot level for resistance to these drugs. However, because cattle that were not fed tylosin were not monitored in this study, a treatment effect could not be evaluated. Chloramphenicol resistance and resistance to lincosamides and macrolides is linked to alteration of the 50S ribosomal unit in the bacterial cell, rendering the target substrate inaccessible to the antibiotic. Therefore, coresistance to these agents could occur together, although molecular evaluation of target site determinants would be needed to provide support for this hypothesis. Biochemical assays of the Enterococcus isolates revealed 169 E. durans, 103 E. faecium, and 7 E. faecalis isolates. All E. faecalis isolates were resistant to four or more antimicrobial drugs. Two such isolates were resistant to nine drugs; however, all seven isolates had different resistance phenotypes. Of the 103 E. faecium isolates, 38.8%
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(40 isolates) were resistant to seven drugs, and 25.2% (26 isolates) were resistant to six drugs. Of the 169 E. durans isolates, the most common resistance profile (27.2% of isolates) was resistance to six drugs; 25.4% of the E. durans isolates were resistant to seven drugs. Approximately 40% of the total E. durans isolates were resistant to five or fewer of the drugs tested, and 29.1% of the E. faecium isolates were resistant to five or fewer of the drugs. Overall, more E. faecium isolates had a higher degree of multidrug resistance compared with the E. durans isolates. Some degree of misclassification of species may have occurred in this study. We used visual appraisal of a biochemical test and subtle changes in carbohydrate metabolism to differentiate these bacteria. Regardless of the misclassification, species differences in antimicrobial susceptibility were observed. Because nondifferential misclassification always biases toward the null and we observed species differences, it is most likely that the true species differences were more marked than those observed. Hudson and coworkers (6) sampled various grocery items for the presence of antimicrobial-resistant Enterococcus. The predominant species isolated was E. faecalis followed by E. casseliflavus and E. faecium. The resistance phenotypes revealed that a large proportion of the 187 isolates was resistant to bacitracin (167 isolates), lincomycin (174), and flavomycin (100); very few isolates were resistant to ciprofloxacin (6), gentamicin (7), penicillin (2), linezolid (2), or nitrofurantoin (1). In that study, 47% of the Enterococcus isolates were resistant to quinupristin-dalfopristin; however, the intrinsic resistance of E. faecalis to this drug accounted for 34% of the isolates. In our study, only seven E. faecalis isolates were recovered; hence, resistance to quinupristin-dalfopristin can mostly be attributed to E. faecium and E. durans isolates. The two most common antibiotics prescribed for the treatment of vancomycinresistant human Enterococcus infections are linezolid and quinupristin-dalfopristin (10). In our study, linezolid resistance was found in only two isolates, one of E. faecalis and one of E. durans. Although there were no instances of vancomycin resistance, quinupristin-dalfopristin resistance also occurred frequently (47.7%). Synercid is an analog of virginiamycin, which is used in animal agriculture mostly for poultry production (1, 8, 23) but is approved for cattle production. The isolates from this study also had a high degree of macrolide resistance, which may be related to the feeding of tylosin for the control of liver abscesses and thus the creation of a selective advantage for these resistant phenotypes. In some cases, macrolide resistance may confer coresistance to other unrelated classes of antibiotics (3, 5, 16). However, it was not within the scope of this study to relate the use of macrolides at the feedlot to macrolide resistance observed in bacterial isolates recovered from these cattle at harvest. No control animals were used during the course of this study to compare differences between animals that had no antimicrobial drug added to their feed and those that did. However, this study does lay the groundwork for future studies that could be conducted to evaluate this effect. Evaluation of these three Enterococcus species re-
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FIGURE 3. Dendrogram of Enterococcus isolates recovered from samples collected at various areas on two steers (nos. 625 and 597).



vealed the specific nature and common resistance profiles of some gram-positive bovine bacteria within a commercial beef operation. These data provide a baseline for future studies and add to our existing knowledge in this area. PFGE analyses of these enterococcal isolates revealed genetic similarities across sampling points, indicating probable transmission of bacteria from the feedlot through the harvest facility. In several cases, isolates collected from one animal at several sampling points were genetically indistinguishable or at least ⬎80% similar, as measured by the Dice-UPGMA cluster analysis (15). For animal 625 (Fig. 3), various fecal, hide, and cooler carcass isolates were indistinguishable by PFGE. Thus, vertical clonal transmission occurred between sampling points. A preevisceration isolate was 93.3% ⫾ 6.9% similar to those same isolates. Isolates from animal 597 (Fig. 3) were only 45.8% ⫾ 8.7% similar to isolates from animal 625; however, many of the isolates collected from different sampling points had a high degree of homology. These isolates also were compared with each other, taking into account their antimicrobial profiles. These profiles revealed that genotypic similarity in most cases resulted in indistinguishable antimicrobial drug phenotypes (Table 2). For isolates recovered from animal 625, the antibiotic resistance phenotypes were identical with the exception of two isolates (625HA and H7C) that differed only in tetracycline resistance and one isolate (P7A) that was resistant to synercid. These exceptions provide some evidence for phenotypic variation in antibiotic resistance profiles, even among isolates with a high degree of genotypic similarity. However, when compared with isolates from animal 597 that were genotypically unrelated (Table 3), the majority were susceptible to tetracycline, unlike isolates from animal 625. The difference in genotype in this case could be related to the differences in antimicrobial drug resistance profiles. Those isolates with a homology of 97.15% or greater for animal 597 had identical antimicrobial drug patterns, which suggests that similar genotypes result in similar phenotypic characteristics. Isolates P8A and P8B had only 45.8% homology but



Homology of Enterococcus isolates as determined by Dice-UPGMA cluster analysis. A, isolates with 100% homology to each other; B, isolates with ⱖ93.33% homology to isolates from group A; C, isolates with ⬎80.28% homology to isolates from groups A and B. b BAC, bacitracin; CHL, chloramphenicol; ERY, erythromycin; FLV, flavomycin; PEN, penicillin; SAL, salinomycin; SYN, synercid; TET, tetracycline; VAN, vancomycin; LIN, lincomycin; TYLT, tylosin tartrate; CIP, ciprofloxacin; LZD, linezolid; NIT, nitrofurantoin; KAN, kanamycin; GEN, gentamicin; STR, streptomycin. S, susceptible; R, resistant.
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FIGURE 4. Dendrogram of Enterococcus isolates recovered from fecal grabs obtained at the feedlot from cattle in a commercial processing system.



had identical antimicrobial profiles, which indicates that unrelated strains can have the same phenotypic antimicrobial susceptibility profile. After evaluation of multiple groups of genetically related strains of Enterococcus, this same type of variation was observed. It is not clear from these data whether a greater degree of genotypic homology results in a similar antimicrobial drug susceptibility profile. Fecal isolates obtained from the feedlot also were analyzed to determine genetic similarities for isolates from different types of samples. This analysis revealed much variation in genetic homology, with only 32.9% ⫾ 12.9% agreement between all isolates (Fig. 4). However, several groups of isolates displayed higher levels of homology, and in most cases isolates collected from the same animal were identical or similar. In some cases, fecal samples taken from different animals had ⬎90% homology (Fig. 4), indicating either horizontal transmission of bacteria and/or genetic information between animals or a broad host-adapted genotype. This same analysis was performed for hide samples from the feedlot and the abattoir and for carcass samples. Again, there was much variation among sample types (Figs. 5 through 7). A few clusters occurred within each sample type, e.g., the first 10 isolates listed from top to-bottom in Figure 6 had 74.1% ⫾ 11.5% homology. These isolates were recovered from five different animals. However, as for the fecal samples, a majority of the isolates with the highest degree of homology were recovered from the same animal. In an overall analysis of all the PFGE profiles, several larger clusters were discovered among isolates from several different sample types. Nine such isolates from four different animals and four different sampling points had 81.1% ⫾ 8.6% homology (Fig. 8). Another larger cluster of 25 isolates had 63.9% ⫾ 19.4% homology, including several branches with much higher levels of genetic similarity. One
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Homology of Enterococcus isolates as determined by Dice-UPGMA cluster analysis. A, isolates with 100% homology to each other; B, isolate with 97.15% homology to isolates from group A; C, isolate with 86.26% homology to isolates from group A; D, isolate that is unrelated genotypically (45.77% homology) to all other isolates. b BAC, bacitracin; CHL, chloramphenicol; ERY, erythromycin; FLV, flavomycin; PEN, penicillin; SAL, salinomycin; SYN, synercid; TET, tetracycline; VAN, vancomycin; LIN, lincomycin; TYLT, tylosin tartrate; CIP, ciprofloxacin; LZD, linezolid; NIT, nitrofurantoin; KAN, kanamycin; GEN, gentamicin; STR, streptomycin. S, susceptible; R, resistant.
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TABLE 3. Antimicrobial drug profiles of Enterococcus isolates from animal 597
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FIGURE 5. Dendrogram of Enterococcus isolates recovered from hides of cattle in the feedlot of a commercial processing system.



FIGURE 6. Dendrogram of Enterococcus isolates recovered from cattle hides at the commercial abattoir.
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FIGURE 9. Dendrogram of Enterococcus isolates recovered from several different sample types collected from cattle in a commercial processing system.



FIGURE 7. Dendrogram of Enterococcus isolates recovered from cattle carcasses at the commercial abattoir.



such branch included 16 of the 25 isolates, which were 74.8% ⫾ 14.5% homologous (Fig. 9). Eight of those 16 isolates were indistinguishable. These large clusters of isolates recovered from various sample types provide evidence for both horizontal transmission of the bacteria between animals and vertical transmission through the feedlot-toslaughter environment. Approximately 115 different genotypes were found among the isolates in this study, providing evidence of the vast diversity of the Enterococcus genome and the variability among isolates collected from a typical beef cattle operation. This diversity indicates that no single genotype was being favored in this particular study environment. However, several genotypes were more abundant than others, and several of these specific genotypes were found throughout the study. One question is whether a specific genotype will result in a phenotype with higher survival and transmission vertically through the process. There was some evidence of such selection; a particular genotype was more likely to be found on the same animal as this animal moved vertically through the study rather than to be found moving horizontally between animals. There is some indication that horizontal transfer does occur; however, the ma-



jority of clustering evidence was based on animal source, not sample type. Results of this study indicate that bacteria can be transferred through the feedlot-to-harvest environment and, in most cases, on the same animal. This finding suggests that factors affecting the microflora on the final processed carcasses are present at the feedlot and are not solely associated with handling of the animals once they reach the commercial abattoir. This finding also suggests that in-plant interventions to reduce or eliminate cross-contamination are currently insufficient to prevent vertical transmission of these bacteria from the feedlot to the fully processed carcass and, most likely, to meat products in the consumer’s home. Antimicrobial drug resistance, particularly coresistance to several antimicrobial drugs, is common among Enterococcus isolates from feedlot cattle. Further evaluation is needed to better understand the factors that favor accumulation of a broad ensemble of coresistance determinants. REFERENCES 1.
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