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ABSTRACT

The prevalence rates of Escherichia coli O157:H7 and Salmonella at different sampling sites on cattle hides were deter-
mined at a feedlot and a processing plant. Sponge samples were collected from six hide surface sites at the feedlot (left and
right shoulders, left and right ribs, back, and belly) and four sites at the processing plant (left and right shoulders, back, and
belly). The prevalence of E. coli O157:H7 was approximately 80% for left and right shoulder and rib samples, 68% for back
samples, and 92% for belly samples collected at the feedlot. At the processing plant, the prevalences of E. coli O157:H7 at
all four sites were between 76 and 79%. Salmonella prevalence in feedlot samples was too low to allow for accurate analysis.
The prevalence of Salmonella at processing was 49% for left shoulder samples, 48% for right shoulder samples, 40% for back
samples, and 68% for belly samples. The results of this study indicate that the site most likely to be naturally contaminated
with E. coli O157:H7 and Salmonella simultaneously was the belly.

Escherichia coli O157:H7 and Salmonella are causa-
tive agents for foodborne illnesses. These two pathogens
alone caused approximately 1.4 million foodborne illnesses
and 600 deaths in the United States in 2000, with an esti-
mated $3 billion in associated medical costs, productivity
losses, and costs of premature deaths (1). These pathogens
pose both a significant health risk and a considerable eco-
nomic threat to the beef industry.

Pre- and postharvest interventions to control or elimi-
nate these pathogens should be an important part of animal
husbandry practices (10). However, the prevalence of E.
coli O157:H7 on cattle hides has been reported from 11%
(8) to 76% (3), whereas the prevalence of Salmonella on
cattle hides has been as high as 94% (7). Knowing the
prevalence of these pathogens at different sites on beef cat-
tle hides in the feedlot and at slaughter is essential for prop-
erly focusing on pathogen reducing interventions. However,
the differences observed between studies have raised ques-
tions as to the best site on hides from which to collect
samples. A better understanding of the distribution of these
pathogens will aid in the determination of sampling loca-
tions that provide optimal detection for measuring pathogen
prevalence. Previous studies have focused on the preva-
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lence of these pathogens at various sites on cattle hides in
the feedlot environment, and conflicting results have been
reported (12, 18). The prevalence of these pathogens is now
becoming more important as treatments are focused on an-
imals before entry to the food chain and on parts of the
hide that can spread pathogens during the hide removal
process in the plant. To our knowledge, no such studies
have been performed at the processing plant, neglecting the
effects of the lairage environment contamination events (2).

In most studies, hide samples from only one side of
the animal have been collected, which may lead to an un-
derestimation of the true pathogen prevalence. For example,
right-handed animals lie on one side predominantly. There-
fore, the pathogens transferred from feedlot surfaces may
not be evenly distributed across the sides (19). The objec-
tive of this study was to reconcile differences among results
from studies in which samples have been collected from
different sites on the hide and to determine whether an op-
timal hide sampling site can be recommended. To this end,
the prevalence of E. coli O157:H7 and Salmonella among
multiple sites on beef cattle hides in two distinct production
environments, a feedlot and a commercial processing plant,
was determined and analyzed.

MATERIALS AND METHODS

Design. Two studies were conducted, one at a feedlot and
the other at a commercial processing plant. Six sites were sampled
on the hide of each animal at the feedlot to determine the prev-
alence rates of E. coli O157:H7 and Salmonella. Because of space
constraints at the processing plant, only four of the hide sample
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FIGURE 1. Sampling sites of each animal at a feedlot. Approx-
imately 1,000 cm2 of each of the following areas were sampled:
LS, left shoulder; RS, right shoulder; LR, left side of rib; RR,
right side of rib; BK, back; BL, belly.

sites on each animal were accessible. Samples were collected on
four separate trips for both the feedlot and the processing plant.

Feedlot study. Hide samples were collected from 256 cattle
at a 5,000-head feedlot at the U.S. Meat Animal Research Center
(Clay Center, NE) from June to November. A sterile sponge (Nas-
co, Ft. Atkinson, WI) premoistened with 20 ml of buffered pep-
tone water (Becton Dickinson, Sparks, MD) was used as a swab.
Cattle were restrained in a squeeze chute, and approximately
1,000 cm2 (an area approximately 30.3 by 33.0 cm) at each of the
following sites on each animal were sampled: the left and the right
shoulders (posterior half of shoulder to the fourth rib and midway
between the back and the brisket; LS and RS), the left and the
right side of ribs (12th or 13th rib area midway between the back
and the belly; LR and RR), the back (dorsal thoracic midline; BK),
and the belly (ventral abdominal midline; BL) (Fig. 1) using five
strokes (one motion back and forth was considered a stroke) for
each side of the sponge (3). The sponges were placed in the bags
and transported back to the laboratory for sample processing.

In-plant study. Hide samples were collected at a large cen-
tral U.S. processing plant between March and September. Ran-
domly selected carcasses (n � 225) were sampled on-line during
processing immediately after stunning and exsanguination. Hide
samples (1,000 cm2) from each animal were collected with a ster-
ile premoistened sponge (as described above) from four sites: LS,
RS, BK, and BL. The sponge samples were placed in a cooler
containing ice packs and transported back to the laboratory within
2 h for microbiological analyses.

Microbiological and statistical analyses. The sponge sam-
ples were processed for prevalence of E. coli O157:H7 and Sal-
monella in a nonselective enrichment culture according to the
methods previously described, with slight modifications (5, 15).
One milliliter of each enrichment culture was first mixed with 20
�l of anti-Salmonella magnetic beads (Invitrogen, Carlsbad, CA)
and subjected to immunomagnetic separation (IMS) as previously
described (14). The Salmonella-bead complexes (100 �l) were
directly transferred into 3 ml of Rappaport-Vassiliadis-soya broth
(RVS; Remel, Lenexa, KS) for selective enrichment and incubated
at 42�C for 18 to 24 h. Salmonella present in these samples was
detected by streaking for isolation of the RVS enrichment onto
brilliant green agar with sulfadiazine (Becton Dickinson) and Hek-
toen enteric agar (Becton Dickinson) supplemented with 15 mg/

liter novobiocin. The plates were incubated at 37�C for 18 to 20
h. Three presumptive colonies were confirmed as Salmonella
based on the presence of invA gene by DNA PCR (16).

Following Salmonella IMS, 20 �l of anti-O157 magnetic
beads (Invitrogen) was added to the same 1-ml enrichment ali-
quots, and the bacteria-bead complexes were recovered as de-
scribed for Salmonella. Fifty microliters of the E. coli O157–bead
complexes was spread plated onto CHROMAgar O157 (DRG In-
ternational, Mountainside, NJ) supplemented with 5 mg/liter no-
vobiocin and 1.0 mg/liter potassium tellurite (Sigma, St. Louis,
MO), and another 50 �l of complex was spread plated onto sor-
bitol MacConkey agar (Becton Dickinson) containing 0.05 mg/
liter cefixime and 2.5 mg/liter potassium tellurite (Invitrogen). All
plates were incubated at 37�C for 18 to 20 h, and up to three
presumptive colonies were confirmed as harboring genes for the
O157 antigen, H7 flagella, and at least one of the Shiga toxins
using a multiplex PCR assay (11).

For each sample site, prevalence of each pathogen was cal-
culated by dividing the number of animals with a positive result
by the total of number of animals sampled. To test for sample site
prevalence differences for each pathogen, the DIFFER procedure
of the PEPI software (USD, Inc., Stone Mountain, GA) (9) was
used to calculate the pairwise differences among sites with sig-
nificance defined at P � 0.05.

RESULTS AND DISCUSSION

Feedlot study. Salmonella prevalence was only 7%
and therefore was not sufficient for the pathogen mapping
analysis described here. The prevalence of E. coli O157:H7
did not differ (P � 0.05) among sampling trips 1, 3, and
4. Although trip 2 samples had a significantly lower prev-
alence of E. coli O157:H7 (P � 0.05), 91.0% of animals
overall (data not shown) were positive for the pathogen at
one or more sampling sites. The number of overall animals
(97.8%) that were positive for E. coli O157:H7 at one or
more hide locations across all sampling sites and trips were
calculated (data not shown). These calculations revealed
that that the hide is a major source of this pathogen, which
may be transferred to carcasses during hide removal (4, 6,
15). The rate of detection of E. coli O157:H7 on cattle hides
across all sampling sites and sampling trips ranged from
17.8 to 100.0% (Table 1). In our study, sampling on both
left and right sides was used to determine whether differ-
ences between hide sample sites existed. The belly was in-
cluded because of its importance in hide opening and re-
moval during slaughter. The back was included based on
data collected by other researchers who suggested this area
was the optimal location for E. coli O157:H7 detection
(12). The overall frequency of E. coli O157:H7 recovery
among sampling sites ranged between 68.4 and 92.2%.
There was no difference (P � 0.05) among four of the
sampling sites (LS, RS, LR, and RR) in prevalence of E.
coli O157:H7. However, the belly samples had the highest
rate of recovery (P � 0.05) for E. coli O157:H7 (92.2%),
and the back had the lowest recovery rate (P � 0.05)
(68.4%). The finding of the lowest prevalence of E. coli
O157:H7 on the back in this study is in contrast to previous
reports that the highest prevalence of E. coli O157:H7 on
cattle hides was the back (12). These differences in the
results might be attributed to the enrichment and detection
methods. Keen and Elder (12) collected samples (500 cm2)
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TABLE 1. Distribution of E. coli O157:H7 at different sites on cattle hides at a feedlota

Trip (month) n

No. (%) of positive sitesb

Left shoulder Right shoulder Left rib Right rib Back Belly

1 (June) 50 46 (92.0) c 49 (98.0) c 49 (98.0) c 47 (94.0) c 40 (80.0) c 48 (96.0) c
2 (June) 56 14 (25.0) d 10 (17.8) d 14 (25.0) d 12 (21.4) d 12 (21.4) d 42 (75.0) d
3 (August) 100 98 (98.0) c 96 (96.0) c 95 (95.0) c 97 (97.0) c 78 (78.0) c 97 (97.0) c
4 (November) 50 50 (100.0) c 49 (98.0) c 49 (98.0) c 50 (100.0) c 45 (90.0) c 49 (98.0) c

Prevalence (%) 208 (81.2) A 204 (79.7) A 207 (80.8) A 206 (80.5) A 175 (68.4) B 236 (92.2) C

a Approximately 1,000 cm2 was swabbed with sponges for each sample from each sampling site on each animal.
b Within a column, values with a common lowercase letter do not differ significantly (P � 0.05). Within the prevalence row, values

with a common uppercase letter do not differ significantly (P � 0.05).

TABLE 2. Distribution of E. coli O157:H7 and Salmonella at different sites on cattle hides at a processing planta

Organism Trip (month) n

No. (%) of positive sitesb

Left shoulder Right shoulder Back Belly

E. coli O157:H7 1 (March) 47 3 (6.4) e 4 (8.5) e 3 (6.4) d 3 (6.4) d
2 (June) 64 54 (84.4) c 57 (89.1) c 60 (93.8) c 61 (95.3) c
3 (August) 64 64 (100.0) d 64 (100.0) d 64 (100.0) c 64 (100.0) c
4 (September) 50 50 (100.0) d 49 (98.0) cd 49 (98.0) c 49 (98.0) c

Prevalence (%) 171 (76.0) A 174 (77.3) A 176 (78.2) A 177 (78.7) A

Salmonella 1 (March) 47 42 (89.4) d 44 (93.6) e 42 (89.4) e 46 (97.9) d
2 (June) 64 17 (26.6) c 13 (20.3) c 6 (9.4) c 35 (54.7) c
3 (August) 64 14 (21.9) c 17 (26.6) c 17 (26.6) c 33 (51.6) c
4 (September) 50 37 (74.0) d 34 (68.0) d 24 (60.0) d 38 (76.0) d

Prevalence (%) 110 (48.9) A 108 (48.0) A 89 (39.5) B 152 (68.2) C

a Approximately 1,000 cm2 was swabbed with sponges for each sample from each sampling site on each animal.
b For each organism, within a column, values with a common lowercase letter do not differ significantly (P � 0.05). Within each

prevalence row, values with a common uppercase letter do not differ significantly (P � 0.05).

and used a selective medium for enrichment. Use of this
selective enrichment medium may have resulted in an un-
derestimation of E. coli O157:H7 prevalence because the
environmentally stressed bacterial cells could have had dif-
ficulty proliferating on the selective medium (17). Stephens
et al. (18) used a nonselective enrichment method, which
allowed stressed bacterial cells to recover before culture on
selective medium, and found that the back samples had rel-
atively low prevalence of E. coli O157:H7. These research-
ers reported that the samples with highest prevalence were
taken at the hock and perineal areas (18). However, these
areas were avoided in the current study because they were
considered to be more representative of the fecal shedding
of the individual animal than of the other contamination
sources present in the feedlot.

In the present study, samples were collected from both
the left and right sides to determine whether the report of
cattle ‘‘sidedness’’ (19) might lead to an underestimation of
prevalence. Our results indicated no differences between
left and right sides. However, the cattle sampled had not
been studied for ‘‘handedness’’ behavior, so the predicted
versus determined prevalence of E. coli O157:H7 is not
known. The most heavily contaminated area of the hide was
the belly area. This area of hide was included because it is
part of a pattern line opened during hide removal and poses
a risk for direct hide-to-carcass contamination. Our results

indicated that for monitoring of E. coli O157:H7 in a feed-
lot environment, a sample collected from the belly area pro-
vides the most accurate indication of animal and pen prev-
alence.

Processing plant study. Because of the inaccessibility
of the upper portions of the shackled cattle at the processing
plant, hide samples could not be collected properly at the
left and right rib and/or short rib areas. Thus, only four
hide sites (LS, RS, BK, and BL) were sampled for each
animal at the processing plant. A total of 225 animals were
sampled to determine the prevalence of E. coli O157:H7
and Salmonella (Table 2). The rate of recovery for E. coli
O157:H7 from all sampling sites and sampling trips ranged
from 6.4 to 100.0% (Table 2). The overall frequency of
detecting E. coli O157:H7 at any one sample site ranged
from 76 to 78.7% across sampling sites. There was no dif-
ference (P � 0.05) in the prevalence of E. coli O157:H7
among the LS, RS, BK, and BL sites. This apparent equal
distribution of the pathogen across sampling sites is con-
sistent with additional hide contamination that occurs dur-
ing transportation to and lairage at the processing plant (2,
13). The first trip to the processing plant was during winter,
and samples collected at this time had the lowest prevalence
(P � 0.05) of E. coli O157:H7. Barkocy-Gallagher et al.
(4) reported that the prevalence of E. coli O157:H7 on hide
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TABLE 3. Salmonella prevalence for two combined sampling sites on cattle hides at a processing plant

Pooled trip
(month) n

No. (%) of positive combined sitesa

LS and BL RS and BL BK and BL LS and RS LS and BK RS and BK

1 (March) 47 47 (100.0) d 47 (100.0) e 47 (100.0) d 47 (100.0) d 46 (97.9) d 46 (97.9) d
2 (June) 64 39 (60.9) c 37 (57.8) c 36 (56.2) ce 24 (37.5) c 20 (31.2) c 17 (26.6) c
3 (August) 64 40 (62.5) c 40 (62.5) d 40 (62.5) e 28 (43.8) c 27 (42.2) c 31 (48.4) e
4 (September) 50 43 (86.0) d 41 (82.0) de 42 (84.0) d 42 (84.0) d 43 (86.0) d 37 (74.0) d

Prevalence (%) 169 (75.1) A 165 (73.3) A 165 (73.3) A 141 (62.7) B 136 (60.4) B 131 (58.7) B

a LS, left shoulder; BL, belly; RS, right shoulder; BK, back. Within a column, values with a common lowercase letter do not differ
significantly (P � 0.05). Within the prevalence row, values with a common uppercase letter do not differ significantly (P � 0.05).

differed by season, and pathogen recovery was lowest in
winter.

For Salmonella, the prevalence across all sampling
sites and sampling trips ranged from 9.4 to 97.9% (Table
2). The LS site did not differ (P � 0.05) from the RS
sample in Salmonella detection, but both the LS and RS
samples had higher prevalence (P � 0.05) than the BK
samples. Salmonella was more often recovered (P � 0.05)
from the BL samples (68.2%), whereas the BK was the site
with the lowest Salmonella detection rate (39.5%).

Because the Salmonella prevalence was significantly
different between some of the sites, these data were ex-
amined in greater detail. Salmonella prevalence data for
each site from each trip to the processing plant were ana-
lyzed by pooling the six two-way combinations of LS, RS,
BK, and BL to evaluate whether any two combined sam-
pling sites would improve the rate of Salmonella detection
(Table 3). Overall, the combination of LS and RS (62.7%),
LS and BK (60.4%), or RS and BK (58.7%) had lower
prevalences of Salmonella at the plant when compared with
any sample that included BL. Sampling combinations of
LS and BL (75.1%), RS and BL (73.3%), or BK and BL
(73.3%) were not different (P � 0.05) from each other.
However, these three combined sites resulted in a higher
frequency of Salmonella detection at the plant than did
sampling only the BL (68.2%; Table 2). Multiple sampling
sites also have been suggested to more accurately reflect
the prevalence of E. coli O157:H7 and Salmonella (12, 18).

Our study involved mapping the natural contamination
of E. coli O157:H7 and Salmonella on cattle hides at a
feedlot and a processing plant. This mapping can provide
useful information to the processor concerning which sites
on incoming animals should be the focus of interventions
and which sample sites can provide the most representative
prevalence data for various pathogens. The belly along the
ventral abdominal midline was most likely to yield E. coli
O157:H7 at the feedlot and Salmonella at the processing
plant. Sampling at two sites, such as the belly with one side
of the sponge and the left, right shoulder, or back along a
dorsal thoracic midline with the other side of the sponge,
provided a higher rate of Salmonella detection than did
sampling the belly alone. Our results identified the belly as
an essential target for decontamination to prevent hide-to-
carcass contamination because this area is part of the pat-
tern line to be opened during hide removal.
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