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ABSTRACT
The United States imports lean boneless beef trim from Australia (AUS), New Zealand (NZL), and Uruguay (URY) to
meet demand for ground beef production. The reported incidence of and etiological agents responsible for foodborne diseases
differ between these countries and the United States. Our objective was to determine whether current U.S. microbiological
profiling adequately addresses the potential differences between foreign and domestic beef trim. We compared the hygienic
status of imported and domestic (USA) beef trim by enumeration of aerobic bacteria, Enterobacteriaceae, coliforms, Escherichia coli, and Staphylococcus aureus. We also compared the prevalence of pathogens between imported and domestic samples
by screening for the presence of Salmonella, Campylobacter spp., Listeria spp., and non-O157 Shiga toxin–producing E. coli
(STEC). A total of 1,186 samples (487 USA, 220 AUS, 223 NZL, and 256 URY) of boneless beef trim were analyzed. Results
of enumeration revealed significant differences between samples from all countries, with the lowest pathogen numbers in
samples from AUS and the highest in samples from URY. Six Salmonella isolates (1 NZL, 1 URY, and 4 USA), 79 L.
monocytogenes isolates (4 AUS, 5 NZL, 53 URY, and 17 USA), and 7 Campylobacter isolates (1 NZL, 1 URY, 5 USA) were
found among the trim samples tested. Non-O157 STEC prevalence was 10% in NZL samples and about 30% in all of the
other samples; 99 STEC strains were isolated. Serotyping of these isolates revealed that serotypes associated with hemolytic
uremic syndrome were not different in prevalence between imported and domestic beef trim. Although it may be tempting to
do so, these data cannot be used to compare the microbiological quality of beef trim between the countries examined. However,
these results indicate that the current pathogen monitoring procedures in the United States are adequate for evaluation of
imported beef trim.

The fed beef industry of the United States produces an
excess of 50% (50-50) lean-fat beef trim but not enough
90-10 lean-fat beef trim to mix with it to meet the domestic
demand for lean ground beef. According to imported beef
and veal statistics recorded by the U.S. Department of Agriculture (USDA) Economic Research Service, 3.6 billion
pounds (1.6 billion kilograms) of beef were imported into
the United States in 2004 (51). Much of this beef was lean
beef destined to be mixed with domestic 50-50 trim.
More than half of the beef imported annually originates
in Australia (AUS), New Zealand (NZL), and Uruguay
(URY) (52), countries in which the incidence of foodborne
disease and etiological agents responsible for it differ substantially from those found in the United States and Canada
(18, 25). One example of these differences is the variation
in serotypes of Shiga toxin–producing Escherichia coli
(STEC) that have been implicated in several foodborne diseases (32, 37). STEC cause symptoms that range from mild
diarrhea to a very severe and life-threatening condition, hemolytic uremic syndrome (HUS). The STEC serotype most
frequently associated with clinical disease in the United
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States and other countries of the Northern Hemisphere is
O157:H7 (29, 31, 32). However, other non-O157 STEC serotypes have been associated with illness and outbreaks of
severe disease in countries of the Southern Hemisphere (1,
32).
During the production of ground beef, imported beef
trim is treated in the same manner as is domestic beef trim.
This approach could be problematic because even though
foreign sources are required to supply beef that has been
tested for E. coli O157:H7 and Salmonella, once the foreign
beef trim is blended and ground with domestic trim it is
difficult to trace the origins of any subsequently identified
pathogens. Molecular identification techniques are being
employed more often in these tracing efforts. Current data
regarding the microbial status of imported beef once it is
received in the United States are limited. The objective of
this project was to determine if and how the hygienic status
and pathogen prevalence of imported beef trim from AUS,
NZL, and URY differ from those of domestic beef trim.
Hygienic status was determined by enumeration of aerobic
bacteria, Enterobacteriaceae, coliforms, E. coli, and Staphylococcus aureus. The difference in pathogen prevalence
between imported and domestic samples was determined by
screening for the presence of Salmonella, Campylobacter
spp., Listeria spp., and non-O157 STEC. Any of these organisms present were isolated and identified to species and/
or serotype.
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MATERIALS AND METHODS
Sample processing. Between 1 January and 31 March 2005,
1,186 samples of domestic and imported boneless beef trim were
collected and sent to the U.S. Meat Animal Research Center (USMARC) for analysis. The domestic samples were collected from
mostly chilled beef from fed and cull beef production facilities.
The imported trim originated in AUS, NZL, or URY, was frozen,
and may have contained calf or veal trim. The beef trim came
from multiple processing plants or establishments within each
source country. AUS trim was packed an average of 104 days (53
to 176 days), NZL trim was packed an average of 98 days (46 to
201 days), and URY trim was packed an average of 86 days (39
to 272 days) before samples were collected in the United States.
Most U.S. trim (97.5%) was fresh chilled beef that was packed 7
or fewer days (average of 3 days) before samples were collected.
The remaining U.S. trim samples (2.5%) were collected from beef
trim that had been frozen for 14 to 68 days.
Quality assurance personnel collected samples at each participating supplier by randomly selecting pieces of trim from 27-kg
cartons of imported trim or 2,000-lb (907-kg) combos of domestic
trim before blending and grinding of ground beef. The pieces of
trim were placed in Whirl-Pak bags (Nasco, Fort Atkinson, Wis.)
and held frozen (⫺20⬚C) until shipment on ice to the USMARC.
Samples were received frozen and held at ⫺20⬚C until processed.
Most imported trim was 3- to 4-in. (7.6- to 10.2-cm) long slices,
0.5- to 1-in. (1.2- to 2.5-cm) cubes, or shredded beef. Domestic
trim samples were similar but also included coarse ground beef
and reduced fat beef. To test the maximal surface area per unit of
weight of large or cubed pieces of beef trim, the outside edges of
numerous pieces were trimmed away and combined for analysis.
Samples received as ground beef, small shredded pieces, or reduced fat beef were used directly in analysis. Once prepared, samples were subdivided for pathogen detection and enumeration assays. A 10-g sample was used to enumerate total aerobic bacteria,
Enterobacteriaceae, coliform bacteria, E. coli, and S. aureus. Another 10-g sample was used to determine the prevalence of Campylobacter. One 25-g sample was used to determine the prevalence of Listeria, and a second 25-g sample was used to determine
the prevalence of non-O157 STEC and Salmonella.
Enumeration of bacteria. Aerobic plate counts (APCs) were
performed, and Enterobacteriaceae (EB), coliform bacteria (CF),
E. coli (EC), and S. aureus (SA) were enumerated after preparing
a 1:10 ratio of beef trim samples to peptone water (Difco, Becton
Dickinson, Sparks, Md.). Each dilution was prepared in a WhirlPak filter bag and then stomached in a laboratory blender
(BagMixer 400VW, Interscience Laboratories Inc., Weymouth,
Mass.) at high speed (nine strokes per second) for 30 s. One milliliter of each sample was taken from the filter side of the bag
and plated onto Petrifilm (3M Microbiology, St. Paul, Minn.) aerobic count plates for APC, Petrifilm Enterobacteriaceae count
plates for EB, Petrifilm E. coli/coliform count plates for EC and
CF, and Petrifilm Staph Express count plates with Staph Express
indicator disks for SA. Petrifilm plates were incubated according
to the manufacturer’s recommendations, and colonies were counted manually. Results were log transformed for analysis using SAS
software (SAS Institute, Inc., Cary, N.C.). EB, CF, EC, and SA
plates with no colonies (i.e., less than 10 CFU) were not used for
determination of mean log CFU per gram, but a value of 1 CFU/
g was assigned in the analysis of APC data when no colonies
were present.
Salmonella isolation and characterization. Salmonella was
isolated by enriching a 25-g portion of each sample in 225 ml of
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tryptic soy broth (TSB; Difco, Becton Dickinson) according to
established USMARC protocols (18) with the following modifications. Immunomagnetic separation was performed without the
addition of protamine. The captured anti-Salmonella separation
beads were selectively enriched in Oxoid Rappaport-Vassiliadis
Soya peptone broth (Remel, Lenexa, Kans.) instead of RappaportVassiliadis broth before plating to Hektoen enteric agar (HE) and
brilliant green agar with sulfadiazol (BGS). Suspect colonies on
either of these agar plates were confirmed to be Salmonella using
PCR for the invA gene (39).
All confirmed Salmonella isolates were serogrouped using
Wellcolex Colour Salmonella tests (Remel) according to the manufacturer’s recommendations and were serotyped (3) using antisera for the identification of somatic and flagellar antigens (Remel). The antibiotic susceptibility of all Salmonella isolates was
determined by performing MIC tests with the defined National
Antimicrobial Resistance Monitoring System Salmonella antibiotic panels (CMV1AGNF, Trek Diagnostic Systems, Inc., Cleveland, Ohio) and a Sensititre AutoInoculator and AutoReader
(Trek). The antibiotics in this panel were amikacin, amoxicillin–
clavulanic acid, ampicillin, cefoxitin, ceftiofur, ceftriaxone, chloramphenicol, ciprofloxacin, gentamicin, kanamycin, nalidixic acid,
streptomycin, sulfamethoxazole, tetracycline, and trimethoprimsulfamethoxazole.
Campylobacter isolation and identification. The Campylobacter isolation procedure was performed using procedures found in the
Bacteriological Analytical Manual (21). One hundred milliliters of
30⬚C prewarmed Bolton broth base (Neogen Corp., Lansing, Mich.)
containing 5% sheep blood was added to 10 g of trim in a WhirlPak bag. This sample was then gently suspended by stomaching at
the lowest speed (six strokes per second) for 1 min in a laboratory
blender (Interscience Laboratories). Because trim samples had been
frozen for storage and transit, a preenrichment step was used, which
consisted of shaking (50 rpm) for 4 h at 37⬚C in a microaerobic
atmosphere of 10% CO2, 5% O2, and 85% N. A selective enrichment
followed, which consisted of the addition of antibiotics (20 mg/liter
cefoperazone, 20 mg/liter trimethoprim, 20 mg/liter vancomycin, and
50 mg/liter cycloheximide) and incubation at 42⬚C for 48 h under
microaerobic conditions. The enriched samples were streaked for isolation on modified CCDA plates (Campylobacter Blood-Free Selective Agar, Neogen) that were prepared as recommended by the manufacturer. These plates were incubated at 42⬚C for up to 48 h under
microaerobic conditions. Suspect Campylobacter on CCDA plates
were confirmed by a genus-specific PCR assay (22) and a speciesspecific multiplex PCR assay (28) that identified the thermotolerant
Campylobacter species (C. jejuni, C. coli, C. lari, and C. upsaliensis).
Listeria isolation and characterization. The prevalence of
Listeria spp. in trim samples was determined using standard enrichment procedures (19) and PCR assay confirmation (13). Portions of trim (25 g) were placed in Whirl-Pak bags with 225 ml
of University of Vermont medium (Neogen) and stomached (nine
strokes per second) for 30 s in a laboratory blender (Interscience
Laboratories). Each sample was then incubated at 35⬚C for 20 h.
An aliquot (0.1 ml) of this enrichment was subcultured in 10 ml
of Fraser broth (Neogen) that was incubated at 35⬚C for 40 h; this
subculture was then streaked for isolation onto Oxford agar (Neogen) to isolate presumptive Listeria colonies. A multiplex PCR
assay (13) was used to identify Listeria spp. (L. monocytogenes,
L. grayii, L. innocua, L. seeligeri, L. welshimeri, and L. ivanovii).
Isolates of L. monocytogenes (LM) were further characterized by
serogrouping, using a combination of PCR assay (14) and specific
antisera (Difco, Becton Dickinson) according to established protocols (9).
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Manual counts were done on appropriate Petrifilm count plates (3M Microbiology). EB, Enterobacteriaceae; EC, E. coli; CF, coliforms; SA, Staphylococcus aureus. Bacterial concentrations
and frequencies within a column followed by the same letter are not significantly different (P ⬎ 0.05).
b Frozen beef trim from Australia (AUS), New Zealand (NZL), and Uruguay (URY) was compared with domestic (USA) beef trim (97.5% chilled and 2.5% frozen).
c Number of samples for which plate counts were above the limit of detection (LOD) of the 10 CFU/g.
d No statistical analysis was conducted when only one or two samples were above the LOD.
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(31.3) A
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1.4
1.5
2.0
1.5

B

198
219
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2
1
23
27

(1.0)
(0.5)
(9.5)
(7.2)

B

198
219
241
377

Countryb

AUS
NZL
URY
USA

No. of
samples
Mean log
CFU/g
No. (%) of
samples
above LODc

B

1.2d
1.0d
1.8 A
1.2 B

9
10
63
96

No. (%) of
samples
above LOD
No. of
samples
No. (%) of
samples
above LOD

Mean log
CFU/g

No. (%) of
samples
above LOD

Mean log
CFU/g

No. of
samples

SA
CF
EC

No. of
samples
Mean log
CFU/g

Enumerations. Populations of aerobic bacteria, EB,
EC, CF, and SA (Table 1) revealed that URY samples had
the highest concentrations of each indicator organism and
AUS and NZL samples had the lowest. The APCs were
different (P ⬍ 0.05) for each country. URY beef trim had
the highest mean APC (2.8 log CFU/g), and U.S., NZL,
and AUS trim had mean APCs of 2.5, 2.2, and 1.6 log
CFU/g, respectively. Mean EB concentrations were the
same (P ⬎ 0.05) for AUS, NZL, and U.S. trim (1.4, 1.5,
and 1.5 log CFU/g, respectively) but were significantly
higher (P ⬍ 0.05) for URY trim (2.0 log CFU/g). The frequency of samples with EB concentrations higher than 10
CFU/g was lowest and not different (P ⬎ 0.05) in AUS
and NZL samples (8.2 and 9.0%, respectively). However,
this frequency was significantly higher in both URY and
U.S. samples (31.3 and 37.8%, respectively). The CF and
EC results were similar in pattern to those for EB.
URY trim had the highest frequency of SA-positive
samples (29.5%). The frequency of SA-positive samples
was second highest in NZL samples (8.2%) and slightly
different (P ⬍ 0.05) from U.S. trim (4.2%), but the same
(P ⬎ 0.05) as AUS trim (4.0%). The level of SA contamination was statistically similar for URY (1.61 log CFU/g)
and U.S. (1.35 CFU/g) samples but was significantly higher

No. of
samples

RESULTS

EB

Statistical analyses. Results from the enumeration of bacterial groups were analyzed by analysis of variance using the
GLM procedures of SAS. The model included the main effect of
country of origin. For significant main effects (P ⬍ 0.05), least
squares means separation was carried out with the PDIFF option
(a pairwise t test). Data for enumerations were log transformed
before the analysis of variance. Pairwise comparisons of frequencies of EB, CF, EC, SA, and other pathogens were made using
the PROC FREQ and Mantel-Haenszel chi-square analysis of
SAS.

Aerobic bacteria

Non-O157 STEC isolation and characterization. The TSB
enrichments for Salmonella were also used for the isolation of
STEC as described previously (6) with minor modifications. Two
1-ml aliquots of each enrichment were mixed with 0.5 ml of 50%
glycerol and stored at ⫺70⬚C, and a 5-l aliquot was used in a
multiplex PCR assay to detect the stx genes (35). Enrichments of
samples with positive signals for stx1 and/or stx2 were used for
isolation of STEC. The corresponding ⫺70⬚C glycerol stock of
each stx1- and/or stx2-positive sample was diluted and spread plated to yield approximately 1,000 colonies per plate on 150-mm
petri dishes of modified EC broth (Difco, Becton Dickinson) containing 1.5% Difco agar (Becton Dickinson) and 1% glucose. Colonies were lifted to Hybond-N⫹ membranes (GE Healthcare, Piscataway, N.J.) and used in hybridizations with combined stx1 and
stx2 DNA probes (6) labeled using the ECL Direct Nucleic Acid
Labeling and Detection System (GE Healthcare) according to the
manufacturer’s recommendations. Positive colonies were subcultured and confirmed to be STEC by PCR assay (35). Biochemical
assays using Fluorocult LMX Broth (Merck KGaA, Darmstadt,
Germany) and Sensititre Gram-negative ID panels (Trek) confirmed the organism to be E. coli. The serotype of each STEC
isolate was determined by serologic identification of the O serogroup and molecular identification of the H group performed by
the Gastroenteric Diseases Laboratory (College of Animal Sciences, Pennsylvania State University, University Park, Pa.).
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TABLE 1. Frequency and concentration of bacterial indicators of contamination in imported and domestic boneless beef trim destined for ground beef a
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TABLE 2. Frequency and characterization of Salmonella in imported and domestic boneless beef trim destined for ground beef a

Countryb

No. of
samples

No. (%) of
positive samplesc

No. of samples
resistant to
antibioticsd

AUS
NZL
URY
USA

220
223
256
487

0
1 (0.4) f
1 (0.4)h
4 (0.8)i

NAe
1g
0
0

TABLE 3. Frequency and characterization of Campylobacter isolates from imported and domestic boneless beef trim destined for
ground beef a
No. of samples infected with:

Countryb

No. of
samples

No. (%) of
positive
samplesc

Undetermined
species

C. jejuni

C. coli

AUS
NZL
URY
USA

151
216
250
393

0
1 (0.5)
1 (0.4)
5 (1.3)

1
0
0

0
1
4

0
0
1

a

Salmonella strains were isolated by immunomagnetic separation
and selective enrichment. Suspect colonies on HE and BGS were
confirmed by PCR assay, serogrouped, and serotyped.
b Frozen beef trim from Australia (AUS), New Zealand (NZL),
and Uruguay (URY) was compared with domestic (USA) beef
trim (97.5% chilled and 2.5% frozen).
c Prevalences for each country are not significantly different (P ⬎
0.05).
d Antibiotic resistance was determined using NARMS MIC panels
and the Trek Diagnostics Sensititre.
e NA, not applicable.
f New Zealand Salmonella isolate was serotype Typhimurium O5
null (Copenhagen).
g Isolate was resistant to ampicillin, chloramphenicol, streptomycin, sulphazoxazole, and tetracycline.
h Uruguay Salmonella isolate was serotype Newport.
i Domestic Salmonella isolates were serotypes Anatum, Enteritidis, and Montevideo. One isolate was untypeable.

in URY samples than in both AUS and NZL samples (P
⬍ 0.05).
Salmonella. The prevalence of Salmonella was less
than 1% in all samples and the same (P ⬎ 0.05) in the
samples from all countries (Table 2). One Salmonella strain
was isolated from NZL samples and one was isolated from
URY samples. Four Salmonella strains were isolated from
U.S. samples. No Salmonella was found in the 220 samples
from Australia. Each Salmonella isolate was of a different
serotype. The NZL Salmonella was serotype Typhimurium
O5 null (Copenhagen), and the URY Salmonella isolate
was serotype Newport. One of the Salmonella isolates in
the U.S. samples was untypeable. The others were identified as Salmonella Anatum, Salmonella Enteritidis, and Salmonella Montevideo. All of the Salmonella isolates were
characterized for antibiotic resistance; one isolate possessed
resistance to multiple antibiotics. The Salmonella Typhimurium from New Zealand was resistant to ampicillin
(MIC ⬎ 32 g/ml), chloramphenicol (MIC ⬎ 32 g/ml),
streptomycin (MIC ⫽ 64 g/ml), sulfamethoxazole (MIC
⬎ 256 g/ml), and tetracycline (MIC ⫽ 32 g/ml). This
isolate was also intermediately resistant to amoxicillin–clavulanic acid (MIC ⫽ 16 g/ml).
Campylobacter. The prevalence of Campylobacter was
low and was not different (P ⬎ 0.05) among the samples
tested. Some difficulties in maintaining microaerophilic
conditions existed during these experiments, leading to the
loss of some samples; seven Campylobacter were isolated
(Table 3). Four C. jejuni and one C. coli strains were isolated from 393 U.S. samples. One C. jejuni strain was iso-

a

Campylobacter strains were isolated by selective enrichment in
Bolton broth followed by selective growth on modified CCDA.
Suspect colonies were confirmed by latex agglutination and species-specific PCR. Thermotolerant Campylobacter species were
identified by PCR assay of the lpxA gene.
b Frozen beef trim from Australia (AUS), New Zealand (NZL),
and Uruguay (URY) was compared with domestic (USA) beef
trim (97.5% chilled and 2.5% frozen).
c Prevalences are not significantly different (P ⬎ 0.05).

lated from 250 URY samples. One Campylobacter strain
that was neither C. jejuni nor C. coli also was isolated from
216 NZL samples. No Campylobacter strains were isolated
from 151 AUS samples.
Listeria. The prevalence of Listeria spp. and LM was
significantly higher (P ⬍ 0.05) in URY samples than in
samples from other countries (Table 4). Twenty-nine percent (66 of 226) of URY trim samples contained at least
one species of Listeria. Of the 66 Listeria-positive samples,
53 (almost 25% of all the URY samples tested) contained
LM. Fifteen of the 66 Listeria-positive samples contained
multiple species of Listeria and/or multiple serovars of LM.
Other Listeria species identified in URY samples were L.
innocua and L. seeligeri, and four isolates were untypeable.
Twenty-two (6.5%) of the U.S. samples contained Listeria.
Seventeen of these samples contained LM, and the other
five contained other Listeria species (L. ivanovii, L. welshimeri, and L. innocua). One U.S. sample contained L.
innocua and two serovars of LM. Six NZL and six AUS
samples contained Listeria; five and four of these samples,
respectively, were positive for LM. The only other Listeria
species isolated from NZL and AUS samples was L. innocua.
Different serovars of LM were predominant in U.S.,
NZL, and AUS samples. All NZL LM isolates were serovar
1/2c, and these five isolates originated from two different
establishments on five different pack dates. Three of four
AUS LM strains were of the 4b serovar, and these three
originated from one establishment but pack dates spanned
a 3-month period. The predominant LM serovar in U.S.
samples was 1/2a; 10 of these isolates originated from six
different establishments. No LM serovar predominated in
the URY samples, where serovars 1/2b, 1/2c, and 4b were
equally prevalent (P ⬎ 0.05). Serovar 4b was found in 22
of the 58 LM-positive URY samples. These 22 serovar 4b
LM stains originated from 7 of the 17 URY establishments
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TABLE 4. Frequency and characterization of Listeria and L. monocytogenes (LM) isolates from imported and domestic boneless beef
trim destined for ground beef a
No. (%) of samples positive forc:
Countryb

No. of
samples

AUS
NZL
URY
USA

198
219
226
341

LM

4
5
53
17

No. of LM isolates of each serovard:

Other Listeria

(2.0)
(2.3)
(24)
(5.0)

2
1
13
5

B
B
A
B

(1.0)
(0.5)
(5.8)
(1.5)

Total

6
6
66
22

B
B
A
B

(3.0)
(2.7)
(29)
(6.5)

1/2a
BC
C
A
B

0
0
3
10

Y
Y
Y
X

1/2b

0
0
16
4

Y
Y
X
Y

1/2c

1
5
17
0

XY
X
X
Z

4b

3
0
22
0

X
Y
X
Z

3a or 3b

0
0
0
4

Y
Y
Y
Y

a

Listeria detection was performed using standard culture techniques, and LM was identified by PCR assay of the iap and prs genes.
Frozen beef trim from Australia (AUS), New Zealand (NZL), and Uruguay (URY) was compared with domestic (USA) beef trim
(97.5% chilled and 2.5% frozen).
c Some samples contained multiple species of Listeria and/or serovars of LM. Within the same column values followed by the same
letter are not significantly different (P ⬎ 0.05).
d LM serovars were determined using a combination of serology and PCR assay for specific sequences within Imo0737, Imo1118, ORF
2819, and ORF 2110. Within the same row in this section, values followed by the same letter are not significantly different (P ⬎
0.05).
b

that provided beef trim. Serovar 1/2b originated from multiple establishments, whereas over 75% of serovar 1/2c
strains originated from the same establishment.
Non-O157 STEC. The prevalence of Shiga toxin
genes (stx) in each sample was determined by PCR assay
(Table 5). Two different stx genes were evaluated, and trim
samples were positive for stx1, stx2, or both stx1 and stx2.
About 30% of the U.S., AUS, and URY samples were
PCR positive for the stx genes. NZL samples were least
often positive (10% of samples; P ⬍ 0.05). The distribution of stx1 and stx2 genes among the stx-positive samples
varied by country of origin. The frequency of stx1 alone
was lower in stx-positive URY samples (P ⬍ 0.05) than
in stx-positive AUS, NZL, and U.S. samples, whereas the
frequency of stx2 alone was not different (P ⬎ 0.05)
among all source countries. The frequency of both genes
in a single sample was highest in stx-positive URY samples (P ⬍ 0.05) and lowest in stx-positive AUS and NZL
samples (P ⬍ 0.05).
The samples that were PCR positive in the stx gene
screen were then further processed in an effort to isolate
TABLE 5. Frequency of Shiga toxin 1 and Shiga toxin 2 genes
in imported and domestic boneless beef trim destined for ground
beef a
No. (%) of samplesc positive for:
No. of
Countryb samples

AUS
NZL
URY
USA
a

220
223
256
487

stx1

44
16
14
77

(66)
(70)
(20)
(52)

stx1 and
stx2

stx2
A
A
B
A

15
5
24
38

(22)
(22)
(33)
(26)

A
A
A
A

8
2
34
32

(12)
(8)
(47)
(22)

BC
BC
A
B

Total

67
23
72
147

(30)
(9.7)
(28)
(30)

A
B
A
A

Shiga toxin genes were detected by PCR assays from TSB enrichments of each sample.
b Frozen beef trim from Australia (AUS), New Zealand (NZL),
and Uruguay (URY) was compared with domestic (USA) beef
trim (97.5% chilled and 2.5% frozen).
c Within each column, values followed by the same letter are not
significantly different (P ⬎ 0.05).

the source of the stx gene(s) (Table 6). At least one STEC
was isolated from 81 of the 309 samples that were positive
for stx genes. A total of 99 STEC were isolated. In 10
samples, two different STEC were isolated, and in four
samples three different STEC were isolated. We were able
to confirm the source of the stx gene(s) in 28 U.S., 9 AUS,
4 NZL, and 40 URY samples by isolation of an STEC. The
STEC isolates were serotyped, and 63 different serotypes
were identified. At least one serotype associated with human illness was isolated in samples from each country.
Thirteen serotypes associated with HUS were isolated from
U.S., URY, and NZL samples. No HUS-related strains were
isolated from AUS samples. The prevalence of HUS-related
serotypes among the isolated STEC strains from U.S. samples was not different (P ⬎ 0.05) from the prevalence in
NZL, AUS, and URY samples.
DISCUSSION
Approximately 40 countries are approved to export to
the United States (listed in the U.S. Code of Federal Regulations 9 CFR 327.2[b] and 381.196[b]). Countries that
export the most beef to the United States are Australia,
Canada, and New Zealand followed by Uruguay, Denmark,
Argentina, Brazil, Nicaragua, and Costa Rica (52) In 2004,
the United States imported 3.6 billion pounds (1.6 billion
kilograms) of beef and veal, about 1 billion pounds (0.5
billion kilograms) of which originated in Canada (51). Although Canada is a significant source of imported beef, it
does not primarily provide lean beef trim destined for
ground beef. The North American cattle herds are similar
with regard to relevant foodborne pathogens (18).
The number of tests performed in these studies consumed the entire sample, and in some cases insufficient sample was available. In situations where results were inconclusive, no results were recorded. For this reason, only 341 of
the 487 U.S. samples produced results for Listeria (Table 4).
This situation also was encountered with other enumerations
(Table 1). While processing samples for Campylobacter (Table 3), the inability to maintain the microaerophilic atmosphere for a number of samples precluded valid results. Ap-
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TABLE 6. Serotypes of STEC isolated from imported and domestic boneless beef trim destined for ground beef a
No. of
positive
samplesc

No. of
STEC
isolated

AUS

9

10 f

NZL
URY

4
40

4
52i

USA

28

32 j

Countryb

No. of
HUS-related
serotypese

Serotypesd

O33:H11
O171:H⫹
O26:H8
O2:H25
O15:H27 (3)g
O82:H8
O113:H21g,h
O163:H26
ONT:H⫹ (2)g
ONT:H34
O5:H36
O73:H18
O88:H38
O132:H⫹
O171:H2
ONT:H7

O73:H35
ONT:H⫹g
O26:H11g,h
O6:H30
O20:H19 (4)g,h
O82:H15
O113:H36
0168:H+g,h
ONT:H11 (2)g,h
ONT:H46 (4)g
O8:H19 (3)g,h
O79:H7g,h
O113:H4g
O132:H38
O172:H10
ONT:H32

O113:H36 (3)
ONT:H2
O64:H9
O6:H34
O39:H14
O83:H8 (2)
O116:H36
O174:H11
ONT:H18g
ONT:H51
O20:H19g,h
O83:H⫹
O113:H51
O142:H34
O174:H36
ONT:H51

O113:H51
O163:H19g,h
O8:H3
O55/83:H15
O83:H11
O130:H11
O174:H28 (2)
ONT:H19 (2)g
ONT:H52
O55/83:H15
O83:H38
O116:H21
O150:H2 or 35
OX25:H11
Orough:Hnegg,h

O147:H7

(2)g,h

O8:H19
O74:H28 (2)
O88:H38 (2)
O163:H19 (3)g,h
O174:H36 (2)g
ONT:H32
O73:H⫹
O83/132:H2
O117:H⫹
O165:Hnegg,h
ONT:H2

0

B

2
6

A

5

AB

B

a

Serotyping of STEC isolates was performed by the Gastroenteric Diseases Laboratory (Pennsylvania State University).
Frozen beef trim from Australia (AUS), New Zealand (NZL), and Uruguay (URY) was compared with domestic (USA) beef trim
(97.5% chilled and 2.5% frozen).
c Number of Shiga toxin 1– or Shiga toxin 2–positive samples from which an STEC isolate was recovered.
d Numbers in parentheses are the number of samples in which this serotype was found when more than 1.
e Values followed by the same letter are not different (P ⬎ 0.05).
f One sample contained two STEC serotypes.
g Serotype associated with human illness.
h Serotype associated with HUS (11).
i Five samples contained two STEC serotypes, and one sample contained three STEC serotypes.
j Seven samples contained two STEC serotypes, and three samples contained three STEC serotypes.
b

proximately 200 or more samples from each country were
available in each assay for statistical analyses, except for
AUS samples tested for Campylobacter.
In this study, the foreign samples destined for export
to the United States were packed from September through
December, which are spring months in the Southern Hemisphere. The samples arrived and were compared with U.S.
samples that were collected from December through February, which are winter months in the Northern Hemisphere. The seasonality of pathogens such as Salmonella
(7), E. coli (7), and Campylobacter (44) is well documented. Pathogens increase in the spring, become highly prevalent through the summer and into the autumn, and then
decrease during the winter. Therefore, the U.S. samples in
this study were obtained during the low-prevalence season
whereas the imported samples were from a high-prevalence
season. These seasonal effects may be responsible for some
of the differences observed between URY and U.S. samples, but when the results from the AUS and NZL samples
are considered, the differences between the URY and U.S.
samples seem more likely to be associated with the processing environment and processes in use rather than seasonal variations in bacterial prevalences.
The concentrations of these target indicator bacteria in
boneless beef trim appear to have changed little since the
publication of earlier studies. In previous studies, U.S. trim
samples had a mean APC of 2.7 log CFU/g (range, 1.9 to

3.6 log CFU/g) and a mean CF count of 1.7 log CFU/g
(range, 0.8 to 2.5 log CFU/g) (26, 27). The differences in
these populations between countries of origin are likely due
to the number of specific instances of high counts. APCs
for U.S. trim ranged as high as 4.85 log CFU/g as did APCs
of URY trim, but the number of instances in which this
concentration was observed in the U.S. trim was half that
for the URY trim (4 and 9%, respectively). Both NZL and
AUS trim had individual APCs that were higher than 4 log
CFU/g, but the occurrence of these high concentrations was
less frequent (1%) than it was in U.S. or URY trim samples.
This frequency of putative contamination events also was
reflected by the number of EB, CF, and EC colonies that
were countable in all the samples.
All AUS processing establishments are required to operate under a single standard for the production, transportation, and export control of meat products for human consumption (43). In a recent report on the microbiological
quality of beef carcasses and frozen beef in Australia (38),
beef produced at 24 establishments was examined. The results of that report correlate well with the results of our
study for mean counts of total viable cells (APCs), coliforms, E. coli, and Enterobacteriaceae. The exception was
the SA frequency. Coagulase-positive staphylococci were
detected in 20.3% of the samples at a mean concentration
of 0.80 log CFU/g and a maximum concentration 2.32 log
CFU/g. We detected SA at a frequency of only 4% in AUS
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samples. This discrepancy may be due to differences in the
methodologies used to detect and identify SA (38).
C. jejuni is the most commonly reported bacterial cause
of foodborne infection in the United States (2). The major
risk factors for human campylobacteriosis are mishandling
of raw poultry and consumption of undercooked poultry.
The possible presence of Campylobacter previously has not
been considered a significant food safety issue associated
with beef. However, in beef cattle Campylobacter has been
reported to be chronically shed by 85% of animals, and C.
jejuni prevalence as high as 38% was reported (23, 24).
Because of these high prevalences before processing, Campylobacter could be a significant carcass and subsequent
trim contaminant. Despite the potential for contamination,
a very low prevalence was found in the U.S. beef trim
samples. Retail beef Campylobacter prevalence of ⬍1%
has been reported (2, 54).
We expected to find a higher prevalence of Campylobacter in AUS and NZL samples, as indicated by a 2001
Australian (OzFoodNet) survey performed in conjunction
with the U.S. counterpart (FoodNet) in which the incidence
of culture-confirmed Campylobacter infections was more
than six times higher in Australia than in the United States
(53). In New Zealand, Campylobacter infections were reported to have quadrupled in the last 15 years, and the
incidence of Campylobacter infections was reported to be
about five times that in Australia (5). We found a very low
incidence of Campylobacter in the AUS and NZL samples,
as has been previously reported for retail red meat in these
two countries (33). Little is known about Campylobacter
prevalence in URY, but this pathogen is recognized as a
significant cause of diarrhea in that country (46). Our results indicate that Campylobacter does not appear to be a
significant contaminant of beef trim and ground beef.
Salmonella is a major cause of foodborne illness in the
United States, resulting in an estimated 1.3 million human
cases, 15,600 hospitalizations, and 550 deaths each year
(31). The most common Salmonella serotypes associated
with human illness in the United States are Typhimurium,
Enteritidis, Newport, Heidelberg, and Muenchen (31). We
isolated Salmonella serotypes Anatum, Montevideo, and
Enteritidis from the U.S. trim samples in this study. According to the USDA National Animal Health Monitoring
System, Salmonella Montevideo was one of the five serotypes most frequently shed by feedlot cattle (49), and Salmonella Anatum was one of the five serotypes most frequently shed by dairy cattle (48, 50). Salmonella Enteritidis
is usually associated with eggs and poultry and is uncommon in cattle (42).
Isolates of Salmonella serotypes Newport and Typhimurium have exhibited various antimicrobial susceptibility
patterns, and many have shown resistance to multiple antimicrobials (10, 55). A multidrug-resistant Salmonella
Newport of particular concern is resistant to eight antimicrobials: ampicillin, chloramphenicol, streptomycin, sulfonamides, tetracycline, amoxicillin–clavulanic acid, ceftiofur,
and cephalothin. Multidrug-resistant Salmonella Typhimurium can have either the same antibiotic resistance as Salmonella Newport or can be resistant to ampicillin, chlor-
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amphenicol, streptomycin, sulfonamides, and tetracycline
(ACSSuT). The Salmonella Newport isolated from a URY
trim sample was not resistant to these antimicrobials. We
isolated Salmonella Typhimurium, a commonly identified
serotype from bovine sources in New Zealand (4), from one
NZL trim sample, and it was ACSSuT resistant.
LM is the causative agent of epidemic and sporadic
listeriosis, and the consequences from contracting listeriosis
can be particularly severe in pregnant women, newborns
(⬍1 year of age), the elderly (⬎65 years of age), and immunocompromised individuals (16, 30, 41). LM is present
throughout the environment and is routinely isolated from
numerous animal sources, including cattle, but comprehensive information on the prevalence of LM in U.S. and foreign beef trim is minimal (40). LM is considered a public
health threat in ready-to-eat foods (e.g., cold cuts, cheese,
and ice cream), whereas its presence in raw meat, which
will presumably be cooked, is not considered as great a
threat. In our study, the prevalence of LM in beef trim was
generally below 5%, except for samples from Uruguay,
where almost one in four samples contained LM.
Thirteen serovars of LM have been described, but four
serovars (1/2a, 1/2b, 1/2c, and 4b) make up 95% of the
isolates recovered from foods and infected humans (14, 45).
Serovar 4b has been described as the cause of major outbreaks of invasive listeriosis (14, 30). We isolated LM 4b
only from AUS and URY trim samples. Three of the four
LM isolates from AUS samples were serovar 4b and were
traceable to a single establishment, which provided only
four samples for this study. Thirty-eight percent of the LM
isolated from URY samples were serovar 4b, and two thirds
of these isolates could be traced back to four establishments. Such high prevalence of a single serotype suggest
that its source is the processing environment, but additional
tracking data are needed for confirmation. The five LM isolates found in the NZL samples came from 2 of the 44
establishments that provided samples. The 17 LM isolates
from U.S. samples could be traced back to nine establishments. These data suggest that URY processors need to
examine their production environments for sources of LM
contamination so that contamination with this organism can
be reduced.
STEC strains have been implicated as the causative
agents in human diseases ranging from mild diarrhea to
life-threatening HUS (32, 37). STEC strains can contain
either or both of the stx genes; however, severe disease is
more commonly associated with strains that possess the stx2
gene (37). A large difference in the distribution of the stx2
gene was observed in the trim samples. Only 10% of NZL
samples contained an stx gene, and in 70% of the cases it
was the less pathogenic stx1 gene. URY, AUS, and U.S.
samples had similar frequencies of stx gene carriage, but
80% of the stx-positive URY samples carried the more
pathogenic stx2 gene, whereas only 34% of AUS and 48%
of U.S. samples carried stx2.
Statistical analysis of recovery rates for STEC isolates
from samples that were PCR positive for the stx genes revealed that URY trim was different from U.S., AUS, and
NZL trim. The rate of recovery of STEC isolates from U.S.,
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AUS, or NZL samples was less than 20%, whereas STEC
isolates were recovered from 56% of URY samples that
were PCR positive for stx. The PCR assay used may have
detected stx genes carried by other organisms such as Citrobacter freundii or Enterobacter cloacae (34, 47); however, it is more likely that the E. coli contamination in the
URY samples, based on the results of E. coli enumeration,
is the explanation for the higher rate of recovery of STEC
in the URY samples.
Many STEC serotypes have been isolated, characterized, and catalogued. Some of the non-O157 STEC serotypes associated with clinical disease are O8, O26, 045,
O103, O111, O113, O121, and 0145 (1, 12, 15, 32). However, many STEC strains have been neither isolated from
humans nor associated with human disease (11). Statistical
analysis revealed that the serotype distribution of the HUSassociated strains from imported and U.S. beef trim was
not different.
The STEC serotype most frequently isolated from the
AUS trim in our study was O113:H36. Although STEC
O113 is described as a common disease-related serotype,
the H36 antigen associated with this isolate in the AUS
samples has not been associated with HUS (11, 36). In
our study, only 4 of the 223 NZL samples examined contained an isolatable STEC, and two of the four isolates
had HUS-related serotypes. A much larger sample set
would be needed to determine whether NZL beef trim
posed any higher risk of infection than does U.S. trim. In
our study, the incidence of HUS-associated serotypes in
NZL samples (two of the four isolates) was not different
(P ⬎ 0.05) from that in U.S. samples (7 of 32 isolates).
In studies performed for the New Zealand Food Safety
Authority (NZFSA), the majority of STEC isolates from
NZL red meats were of serotypes that were infrequently
a cause of disease (29). In that study, STEC contamination
was low in New Zealand by international standards, and
infections were rare. The majority of STEC infections in
New Zealand were attributed to serotype O157:H7, and
only one death was attributed to a non-O157 STEC infection (29). We isolated STEC serotypes O163:H19 and
O26:H11 from NZL samples. Serotype O163:H19 has
been isolated by NZFSA from minced beef (20), and serotype O26:H11 was previously isolated from NZL bobby
veal (17). The presence of veal or calf trim in the imported
beef trim from NZL could not be determined. According
to previous reports and ongoing surveillance, the other
serotypes of STEC we isolated from NZL samples, O26:
H8 and O64:H9, were unique.
To the best of our knowledge, this is the first report of
STEC serotypes O5:H36, O8:H3, O33:H11, O39:H14,
O73:H35, O82:H15, O83:H8, O83:H38, O113:H36,
O113:H51, and O163:H26. Three of these serotypes
(O88:H38, O113:H36, and O113:H51) were isolated from
beef trim originating in different countries. These results
indicate that STEC is common in multiple countries, it is
likely that there are many STEC serotypes yet to be identified.
The results of this study indicate that microbiological
differences exist between imported and U.S. boneless beef
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trim destined for ground beef, but these differences do not
necessitate changes to the current monitoring system used
in the United States. Although it may be tempting to use
these data to compare the microbiological quality of beef
trim from the countries examined, such comparisons are
best made using data collected before export or data from
agencies such as OzFoodNet or the New Zealand National
Microbiological Database. Generally, AUS and NZL lean
beef trim had lower levels of contamination than did U.S.
trim, whereas in URY samples levels of some contaminants
were higher after arrival in the United States. Compared
with U.S. trim, URY trim also had a higher frequency of
illness-related serovars of LM and HUS-associated STEC.
During the collection of these data, preliminary results were
shared with the participants. The importers who supplied
the beef trim for this work communicated with their URY
suppliers in an effort to reduce contamination and improve
slaughter practices. It has been reported to us that URY
processors have adopted improved methods and that current
imports of URY beef trim into the United States have improved in microbial quality.
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