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ABSTRACT

In 1996, authorities in the United States implemented a series of important regulations surrounding 
the hygiene of meat destined for grinding and in ground beef.  These included the Pathogen Reduction 
Final Rule (known as “the megaReg”) and the declaration of Escherichia coli O157 as an adulterant. 
As a major supplier to the U.S. market, the Australian beef industry responded by implementing 
the E. coli Salmonella monitoring (ESAm) program and a program for testing manufacturing beef for  
E. coli O157; these programs are augmented by regular national baseline surveys. In line with increased 
sensitivity of test methods used for detecting E. coli O157 in meat, the prevalence of detections has 
increased. Currently, E. coli O157 is detected in around 0.1% of lots. Intensive sampling of five lots 
in which E. coli O157 had been detected (and removed from the export stream) failed to detect 
the pathogen in three lots, and the highest concentration observed in the other two lots was 
0.093 mPN/cm2, equivalent to 790 organisms per carton (per 27.2 kg). By compiling historical and 
contemporary monitoring data and by citing recently completed studies to gauge the effectiveness 
of these responses, the present paper documents how the Australian meat industry has responded 
to regulatory changes in the United States.
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INTRODUCTION

For more than four decades, Aus-
tralia has been a major exporter to the 
United States of manufacturing beef for 
grinding into hamburger patties. Typi-
cally, each year around 250,000 tons 
are supplied frozen in 60 lb (27.2 kg) 
cartons, equivalent to 2,500,000,000 
quarter-pound patties, or around 10% 
of hamburgers consumed in the United 
States. As a commodity, manufacturing 
and ground beef have come under close 
focus from the food safety viewpoint 
because of contamination with enteric 
pathogens, particularly E. coli O157. 
The first documented outbreak involv-
ing hamburgers occurred in Oregon and 
Michigan in 1982, with the report citing 
“a rare E. coli serotype O157:H7” (28). 
In 1992–93, outbreaks involving more 
than 500 people in the western United 
States revealed the risk of E. coli O157 
illness from consumption of under-
cooked hamburgers (10). In the ensuing 
two decades there have been numerous 
outbreaks from consumption of ham-
burgers, some of which are summarized 
by Rangel et al. (24). 

Over the same period there have 
been a series of changes aimed at en-
hancing control of pathogenic E. coli in 
meat used for grinding and in ground 
beef, most notable of which are:

	 •	 Declaration	of	E. coli O157 as 
an adulterant (15) 

	 •	 The	 requirement	 to	 test	 meat	
destined for grinding (2)

	 •	 N60	(“robust”)	testing (2, 17)
	 •	 Increasing	attention	being	paid	

to non-O157 serotypes (16)

In the present paper, the purpose 
of which is to document how the Aus-
tralian meat industry has responded to 
regulatory changes in the United States, 
we present a compilation of historical 
and contemporary data together with 
recently completed studies. To gauge the 
effectiveness of industry development we 
present trends in prevalence of indicator 
organisms on beef carcases and of E. coli 
O157:H7 on trim destined for grinding 
in the United States. We also cite data for 
indicators and pathogens on beef trim 
gathered in the third national baseline 
study, together with data on the preva-
lence and concentration of E. coli O157 
in five lots of beef trim from which the 
pathogen was detected in surveillance 
sampling at abattoirs.   

E. coli O157:H7 as an adulterant 
and testing programs

As a result of declaration of E. coli 
O157 as an adulterant in ground beef 
in 1994, and the consequent “zero tol-

erance” policy, testing of manufacturing 
beef for the presence of E. coli O157 has 
become a significant aspect of the control 
of this pathogen in the beef supply chain. 
In effect, the company’s testing program 
has become a “disposition CCP” under 
which a lot of production is not released 
to the trade unless and until there is con-
firmation that the pathogen has not been 
detected in the sample (8). 

Concomitant with the adoption of 
a zero tolerance policy came the devel-
opment of testing programs designed to 
support the concepts of “adulterant” and 
“zero tolerance.” Early sampling plans 
involved a sample size of 25 g per lot 
of production, later increased to 325 g, 
comprising 5 × 65 g samples (18). More 
recently, the collection of 60 surface slices 
from the external carcass surface has been 
introduced,	the	so-called	N60	or	“robust”	
testing. Improvement in analytical tech-
niques has also increased the sensitivity 
of testing for E. coli O157 (17).

In Australian boning (fabrication) 
rooms over the period 1998–2007, sam-
pling involved accumulating small pieces 
of trim during the period when a lot was 
produced, from which a 25 g sample was 
taken.	Since	late	2007,	N60	sampling	has	
been used. All export establishments test-
ing for the presence of E. coli O157 in beef 
destined for grinding in the United States 
do so under the supervision of AQIS,  
using laboratories accredited to ISO 
17025	 by	 the	 National	 Association	 of	
Testing	 Authorities	 (NATA).	 Samples	
are drawn from 12 cartons selected at 
random from the lot, and test results are 
provided to the Australian Quarantine 
and Inspection Service (AQIS) for entry 
into	the	National	Microbiological	Data-
base (2). 

In Table 1 is summarized results 
of sampling for the period 1998–2010, 
from which it can be seen that the 
	 inception	 of	 N60	 testing	 in	 2008	 has	
led to an increased detection rate. AQIS 
also performs verification testing on lots 
prior to the establishment release of the 
product and, during 2008–2010, in a to-
tal of 528 lots sampled, E. coli O157 was 
detected in 1 (0.19%).

From the outset, there have been 
criticisms that testing is not effective at 
detecting lots that contain the microor-
ganism of concern when its prevalence 
is low. In 1999, thirty-five international 

TABLE 1.  Testing of manufacturing beef for E. coli O157  
at Australian processing establishments

Year Number of Number (%) of lots with 
  tests E. coli O157 confirmed

1998–2002 184,843 32 (0.017)

2005 24,029 4 (0.016)

2006 and 2007 45,000 8 (0.017)

2008a 30, 647 36 (0.117)

2009a 34,433 35 (0.106)b

2010a 31,615 21 (0.066)

 aN-60 testing implemented.

bNote that there were 20 additional isolations from bobby veal (calves 
less than one week old). however, since this product is not destined for 
grinding, the data have not been included.
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experts assembled by the American Meat 
Science Association established that, if  
E. coli O157 were present at 0.1% preva-
lence, the numbers of samples from a 
contaminated lot needed to detect the 
pathogen with probabilities of 0.90, 
0.95 and 0.99 were 2,303, 2,996 and 
4,605, respectively (1). Because of the 
low prevalence and non-random distri-
bution, the same consensus also coun-
selled against pathogen testing to assess 
process control. A subsequent gathering 
of meat safety experts, under the aegis 
of the International Livestock Congress, 

concurred with the AMSA findings and 
concluded that testing programs should 
focus on enumerating indicator organ-
isms, particularly when pathogens are 
present at low concentration (7). 

Indicator organisms on beef 
carcasses

While testing of individual lots for 
E. coli O157 gives some degree of cer-
tainty about the safety of product, more 
confidence can be gained by also consid-

ering microbial indicators of good pro-
cess hygiene. In Australia, the E. coli and 
Salmonella Monitoring (ESAM) program 
is an AQIS-supervised monitoring pro-
gram for beef carcasses to which many 
establishments also submit Aerobic Plate 
Count (APC) data. 

The ESAM program is performed 
by all export establishments, which are 
required to take action on results consid-
ered unacceptable, based on a three-class 
sampling plan and a moving window 
(26).	The	 results	 are	 stored	 in	 the	 Na-
tional	 Microbiological	 Database	 which,	
after 13 years of operation, now contains 
> 500,000 data sets. The database is ac-
tive, with each export establishment re-
ceiving monthly summaries of its own, 
and of the national, microbiological 
profile. Few samples have E. coli above 
the limit of detection (0.08 CFU/cm2), 
so national benchmarks focus on the 
rate at which samples have detectable 
E. coli (Fig. 1 and 2). The proportion of 
samples in which E. coli is detected is low 
and trending downwards (Fig. 1), while 
APCs are low and are stable or trending 
downwards (Fig. 2).

Indicator organisms on beef for 
grinding

In 2004 a third baseline survey 
was conducted of Australian boneless 
beef destined for grinding in the United 
States (22). Meat was sampled by drilling 
cores through the cartons of frozen meat, 
which approximates the result that would 
be obtained from grinding the contents 
of the carton. In this national survey, 
the number of samples collected from 
establishments was proportional to their 
throughput; establishments representing 
about 75% of the national throughput 
were sampled. 

The microbiological quality of man-
ufacturing beef in this survey was excel-
lent. In 17.5% of samples the APC was 
below the limit of detection (5 CFU/g), 
and, when detected, the mean concen-
tration was 1.3 log10

 CFU/g; Enterobac-
teriaceae, coliforms and E. coli were rarely 
detected (limit of detection 5 CFU/g), 
and then usually at low concentrations 
(Table 2).

Contamination levels in lots 
containing E. coli O157

To date there has been no study 
of the distribution of E. coli O157 in 

FIGURE 1. Quarterly average prevalence of chilled beef carcass 
samples with detactable (> 0.08 CFU/cm2) E. coli (closed circles  
Cow/Bull, open circles Steer/heifer)

FIGURE 2. Quarterly average Aerobic Plate Counts (log10 CFU/cm2) 
on chilled beef carcass samples (closed circles Cow/Bull, open circles 
Steer/heifer)
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contaminated lots of beef destined 
for grinding, nor of its concentration.  
To redress this data gap, lots of 
manufacturing beef that failed to meet 
Australian requirements for export to the 
United States were examined. Accord-Accord-
ingly, when the presence of E. coli O157 
was confirmed in a lot, the cartons of 
frozen manufacturing beef from which 
samples had been taken were shipped 
to the laboratory for analysis. In total, 
cartons from which five lots had yielded  
E. coli O157 were obtained and submit-
ted to intensive sampling.

Cartons were maintained at -18°C 
until thawing at 0 ± 1°C for 48 hours, 
after which each carton was opened and 
the number of pieces of meat, the weight 
of each piece and the external (i.e., carcass) 
surface area were determined. Samples 
were collected for analysis using a surface 
slice method (2). From each carton, 75 
× 5 g samples were collected from pieces 
with external carcass surfaces, resulting 
in a total of 900 samples per lot. 

Surface slices, weighing 5 g and 
representing 10 cm2, were enriched and 
tested for E. coli O157:H7 by use of the  
E. coli O157:H7 MP BAX kit and the 
Q7 BAX System; isolation was performed 
using immunomagnetic separation.

A total of 5 lots (A to E) were 
subjected to intensive sampling; E. coli 
O157 was not detected in three lots 
(A,	 B,	 and	 C),	 while	 two	 lots	 (D	 and	
E) resulted in 2 and 74 further E. coli 
O157 detections, respectively. The two 
detections	 in	 lot	 D	 originated	 from	 a	
single large piece of meat, while those for 
lot E originated from 27 beef trim pieces 
that had been sampled from two of the 
twelve cartons. 

The	median	concentration	 (MPN/
cm2) for all cartons in which E. coli 
O157 was not further detected was 

estimated	to	be	less	than	0.0014	MPN/
cm2, which is equivalent to less than 
9 organisms per 27.2 kg carton. The 
highest concentration observed was 
0.093	 MPN/cm2, equivalent to 790 
organisms per carton (21). 

From the investigation of lots where 
E. coli had been detected, it is concluded 
that only a small fraction of lots of Aus-
tralian beef is contaminated with E. coli 
O157 and that when contamination does 
occur, it is restricted to only a small part 
of the lot, possibly just a few cartons. 

This contention that contamina-
tion is restricted is supported by two 
Australian studies. First, Fegan et al. (14) 
found a low prevalence of E. coli O157 
in the feces of Australian cattle, 10% for 
grass-fed and 15% for lot-fed cattle, and 
almost always at low concentration. Sec-
ond, Fegan et al. (13) studied transfer of 
E. coli from feces and hides to carcasses. 
Most groups of cattle contained very few 
shedders, though an occasional “super 
shedder” led to more widespread hide 
contamination.	Nonetheless,	when	these	
highly contaminated animals were pro-
cessed, only sporadic carcasses were con-
taminated with E. coli O157, and then 
only at very low levels.  These data are 
consistent with other studies, reviewed 
by Arthur et al. (4), which suggest that 
only E. coli O157 from “super shedders” 
survive current processes, resulting in 
a low prevalence of contaminated car-
casses. 

It is possible that the low prevalence 
and concentrations of E. coli O157 de-
tected in this study were the result of 
the meat having been frozen, a process 
that may result in a reduction of E. coli 
O157:H7 (3, 11, 12, 25). It should be 
noted that cartons destined for the USA 
grinding market are in the frozen trans-
port chain for several weeks or months.

It appears from this analysis that the 
prevalence and concentration of E. coli 
O157 in Australian boxed beef are very 
low. 

Non-O157 shiga toxin-
producing E. coli (STEC)

In early 1995, mettwurst contami-
nated with E. coli O111 caused an out-
break of food poisoning in South Austra-
lia involving > 150 victims, one of whom 
died (9). There was speculation that the 
fermentation had been inadequate, and a 
processing standard has been developed 
under which each manufacturer must 
validate that the fermentation process is 
capable of inactivating E. coli Biotype 1 
from ingoing raw materials.

There is increasing global interest in 
E. coli strains, other than O157, that occur 
in food and that cause gastrointestinal 
disease in humans. The USA lists six 
serotypes (O26, O111, O145, O103, 
O121 and O45), five of which are also of 
interest to the European Union (O121 
is the exception), that cause serious 
infections. All of these serotypes produce 
Shiga Toxin plus other virulence factors, 
and methods for detecting them are in 
development.

Australian researchers (5) have exam-
ined cattle feces at the time of slaughter, 
searching for non-O157 STEC of con-
cern in Europe and the United States. 
Three hundred fecal samples were tested, 
of which 78 (15%) contained genes of at 
least one of the serotypes of interest in 
the United States and the EU, together 
with a Shiga Toxin gene and the Intimin 
gene (the most significant virulence fac-
tor gene). However, while genes were 
present in 78 fecal samples, only 21 (7%) 
yielded an isolate, and none of these con-
tained both the Shiga Toxin and Intimin 

TABLE 2. Microbiological profile of Australian frozen boneless beef (n = 1082) 

  APC Coliformsa E. colia    Enterobacteriaceaea

Prevalence (%) 82.5 5.5 1.8 7.1

mean log10 CFU/g 1.3 1.3 1.5 1.3

Standard deviation (log10 CFU/g) 0.8 0.6 0.8 0.6

aCounts are log10 CFU/g of positive samples only.
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genes. These results indicate that while 
non-O157 STEC can be detected in the 
feces of Australian cattle, the likelihood 
of these strains causing serious disease in 
humans is not high.

CONCLUDING REMARkS

Apart from the mettwurst incident 
already described, there have been no re-
ports of meat-borne outbreaks involving 
either E. coli O157 or non-O157 sero-
types. While this may in part reflect the 
fact that Australian consumers do not 
undercook meat, particularly ground 
meat, unique aspects of the Australian 
meat industry may also contribute to the 
low incidence of meat-associated disease 
in Australia. Based on the protocol of 
Jordan et al. (20), cattle have been shown 
to enter the slaughter facility with a low 
tag score. Australian line speeds are slow 
(mean 75 head/hour) and the Australian 
workforce is generally stable and well 

trained, with all export establishments 
having a training facility and many em-
ploying full-time trainers. The industry 
invests heavily in routine microbiologi-
cal monitoring and in national baseline 
surveys that are used to drive industry 
improvement. The prevalence and con-
centration of indicator bacteria (Figs. 1 
and 2) demonstrate the effectiveness of 
the processing systems.

On the basis of work carried out 
by CSIRO on the microbiology of beef 
carcasses, it is possible to construct a 
70-year comparative profile by utilizing 
data from Grau (19) and three national 
baseline studies (Table 3). It should 
be emphasized that the data quoted 
by Grau (19) were gathered at a single  
abattoir whereas baseline data were in-
dustry-wide.	Nonetheless,	the	progressive	
reduction in bacterial loading in general, 
and in E. coli in particular, appear to be  
associated with the radical changes that 
the industry underwent beginning with 

the introduction of HACCP-based QA 
systems in the mid-1990s.

In	2005,	researchers	at	the	US	De-
partment of Agriculture compared the 
microbiology of beef destined for grind-
ing	 from	 Australia,	 New	 Zealand	 and	
Uruguay with that of domestic product 
(6). Researchers analyzed indicator or-
ganisms such as Total count, Enterobacte-
riaceae, Coliforms/E. coli, Staphylococcus 
aureus, and pathogens: Campylobacter, 
Listeria, Salmonella and non-O157 
STEC. Summary data of the survey are 
presented in Tables 4 and 5. The re-
searchers counsel against making inter-
country comparisons, because imported 
meat is frozen while domestic is chilled, 
and because imported meat was sourced 
during the high-prevalence season for 
pathogens while that for domestic meat 
was from the low-prevalence season. 
Nonetheless,	 the	 researchers	 concluded	
that	 Australian	 and	 New	 Zealand	 beef	
trim had lower levels of contamination 
than did U.S. and Uruguayan trim, and 
that differences were more likely to be 
associated with the processing environ-
ment and processes in use, rather than 
seasonal differences.  

After considering trends in preva-
lence of indicator organisms on beef car-
casses and of E. coli O157:H7 on trim, 
together with data generated by three na-
tional baseline studies undertaken since 
1995, we conclude that the hygienic sta-
tus of beef trim destined for grinding in 
the United States continues to improve. 

REFERENCES
 1. Anonymous. 1999. The role of 

microbiological testing in beef 
food safety programs: the scientific 
perspective. Consensus of the 1999 
symposium under the aegis of the 
American meat Science Associa-
tion, Kansas City, missouri, January 
1999.

 2. Anonymous. 2010. Escherichia coli 
O157:h7 testing of raw ground 
beef components destined for 
export to the US and US territo-
ries. AQIS [Australian Quarantine 
Inspection Service] meat Notice 
2010/03. http://www.daffa.gov.au/
aqis/export/meat/elmer-3/notices 
accessed 15 march, 2010.

 3. Ansay, S., K. Darling, and C. Kaspar. 
1999. Survival of Escherichia coli 
O157:h7 in ground beef patties 
during storage at 2, -2, 15 and 

TABLE 3. Beef carcass contamination in Australia 1937–2004

  Log TVC/cm2 E. coli Reference

                                        Prevalence (%) >10/cm2 

1937 3.88 - 19

1964 3.90 22.5 19

1978 2.79 15.6 19

1994 3.02 9.2 27

1998 2.43 2.4 23

2004 1.33 0.2 22

TABLE 4. Microbiological profile of indicator organisms in 
beef trimmings destined for ground beef (after Bosilevac et al. 
(6))

  Mean log  Prevalence (%)  

  CFU/g  

  APC Enterobacteriaceae E. coli S. aureus

Australia  1.6 8.2 1.0 4.0

New Zealand  2.2 9.0 0.5 8.2

Uruguay  2.8 31.3 9.5 29.5

USA  2.5 37.8 7.2 4.2

AUGUST 2011 |  FOOD PROTECTION TRENDS 517

contaminated lots of beef destined 
for grinding, nor of its concentration.  
To redress this data gap, lots of 
manufacturing beef that failed to meet 
Australian requirements for export to the 
United States were examined. Accord-Accord-
ingly, when the presence of E. coli O157 
was confirmed in a lot, the cartons of 
frozen manufacturing beef from which 
samples had been taken were shipped 
to the laboratory for analysis. In total, 
cartons from which five lots had yielded  
E. coli O157 were obtained and submit-
ted to intensive sampling.

Cartons were maintained at -18°C 
until thawing at 0 ± 1°C for 48 hours, 
after which each carton was opened and 
the number of pieces of meat, the weight 
of each piece and the external (i.e., carcass) 
surface area were determined. Samples 
were collected for analysis using a surface 
slice method (2). From each carton, 75 
× 5 g samples were collected from pieces 
with external carcass surfaces, resulting 
in a total of 900 samples per lot. 

Surface slices, weighing 5 g and 
representing 10 cm2, were enriched and 
tested for E. coli O157:H7 by use of the  
E. coli O157:H7 MP BAX kit and the 
Q7 BAX System; isolation was performed 
using immunomagnetic separation.

A total of 5 lots (A to E) were 
subjected to intensive sampling; E. coli 
O157 was not detected in three lots 
(A,	 B,	 and	 C),	 while	 two	 lots	 (D	 and	
E) resulted in 2 and 74 further E. coli 
O157 detections, respectively. The two 
detections	 in	 lot	 D	 originated	 from	 a	
single large piece of meat, while those for 
lot E originated from 27 beef trim pieces 
that had been sampled from two of the 
twelve cartons. 

The	median	concentration	 (MPN/
cm2) for all cartons in which E. coli 
O157 was not further detected was 

estimated	to	be	less	than	0.0014	MPN/
cm2, which is equivalent to less than 
9 organisms per 27.2 kg carton. The 
highest concentration observed was 
0.093	 MPN/cm2, equivalent to 790 
organisms per carton (21). 

From the investigation of lots where 
E. coli had been detected, it is concluded 
that only a small fraction of lots of Aus-
tralian beef is contaminated with E. coli 
O157 and that when contamination does 
occur, it is restricted to only a small part 
of the lot, possibly just a few cartons. 

This contention that contamina-
tion is restricted is supported by two 
Australian studies. First, Fegan et al. (14) 
found a low prevalence of E. coli O157 
in the feces of Australian cattle, 10% for 
grass-fed and 15% for lot-fed cattle, and 
almost always at low concentration. Sec-
ond, Fegan et al. (13) studied transfer of 
E. coli from feces and hides to carcasses. 
Most groups of cattle contained very few 
shedders, though an occasional “super 
shedder” led to more widespread hide 
contamination.	Nonetheless,	when	these	
highly contaminated animals were pro-
cessed, only sporadic carcasses were con-
taminated with E. coli O157, and then 
only at very low levels.  These data are 
consistent with other studies, reviewed 
by Arthur et al. (4), which suggest that 
only E. coli O157 from “super shedders” 
survive current processes, resulting in 
a low prevalence of contaminated car-
casses. 

It is possible that the low prevalence 
and concentrations of E. coli O157 de-
tected in this study were the result of 
the meat having been frozen, a process 
that may result in a reduction of E. coli 
O157:H7 (3, 11, 12, 25). It should be 
noted that cartons destined for the USA 
grinding market are in the frozen trans-
port chain for several weeks or months.

It appears from this analysis that the 
prevalence and concentration of E. coli 
O157 in Australian boxed beef are very 
low. 

Non-O157 shiga toxin-
producing E. coli (STEC)

In early 1995, mettwurst contami-
nated with E. coli O111 caused an out-
break of food poisoning in South Austra-
lia involving > 150 victims, one of whom 
died (9). There was speculation that the 
fermentation had been inadequate, and a 
processing standard has been developed 
under which each manufacturer must 
validate that the fermentation process is 
capable of inactivating E. coli Biotype 1 
from ingoing raw materials.

There is increasing global interest in 
E. coli strains, other than O157, that occur 
in food and that cause gastrointestinal 
disease in humans. The USA lists six 
serotypes (O26, O111, O145, O103, 
O121 and O45), five of which are also of 
interest to the European Union (O121 
is the exception), that cause serious 
infections. All of these serotypes produce 
Shiga Toxin plus other virulence factors, 
and methods for detecting them are in 
development.

Australian researchers (5) have exam-
ined cattle feces at the time of slaughter, 
searching for non-O157 STEC of con-
cern in Europe and the United States. 
Three hundred fecal samples were tested, 
of which 78 (15%) contained genes of at 
least one of the serotypes of interest in 
the United States and the EU, together 
with a Shiga Toxin gene and the Intimin 
gene (the most significant virulence fac-
tor gene). However, while genes were 
present in 78 fecal samples, only 21 (7%) 
yielded an isolate, and none of these con-
tained both the Shiga Toxin and Intimin 

TABLE 2. Microbiological profile of Australian frozen boneless beef (n = 1082) 

  APC Coliformsa E. colia    Enterobacteriaceaea

Prevalence (%) 82.5 5.5 1.8 7.1

mean log10 CFU/g 1.3 1.3 1.5 1.3

Standard deviation (log10 CFU/g) 0.8 0.6 0.8 0.6

aCounts are log10 CFU/g of positive samples only.
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TABLE 5. Prevalence of pathogens in beef trimmings destined for ground beef (after Bosilevac et 
al. (6))

                                                       Prevalence (%)

 Salmonella Campylobacter L. monocytogenes STEC HUS serotypes

Australia  0 0 2.0 4.09 0

New Zealand  0.4 0.5 2.3 1.79 0.89

Uruguay  0.4 0.4 2.4 15.62 2.34

USA  0.8 1.3 5.0 5.74 1.02
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