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ABSTRACT 

Salmonella, Campylobacter, Non-O157 STEC cause considerable human illnesses 

each year, and the vast majority of cases are food borne.  Currently, very little is known 

about the burden of these pathogens in the U.S. beef supply. The purpose of this study 

was to establish the prevalence of Campylobacter, Salmonella, and Non-O157 STEC in 

beef products collected from U.S. retail markets.  Sample collection occurred during the 

months of February through May, 2010.  Thirty two American cities comprising 28 states 

were sampled in this study. Retail raw ground and whole muscle beef (n = 2,915) 

samples were purchased and examined for the presence of Salmonella.  Samples were 

enriched in tryptic soy broth (TSB) and incubated for 24 h at 37°C.  Salmonella positives 

were confirmed using the AOAC approved BAX® system rtPCR.  Of the original samples 

purchased, 1,211 were randomly selected and tested for Campylobacter.  Positive 

samples were confirmed through direct plating and latex agglutination.  Samples were 

enriched using Bolton Broth incubated for 48 h at 42°C and grown on blood-free 

Campylobacter plates in required microaerophilic conditions.  A sub-sample (n = 325) 

were enriched in TSB and glycerol (TSB+glyc) and frozen at -80°C to be analyzed at a 

later date.  Samples were screened for putative non-O157 STEC using rtPCR methods.  

Salmonella was detected in 0.65% of the total samples purchased.  The prevalence for 

whole muscle cuts was 1.02%, and Salmonella was present in 0.54% of ground beef 

samples.  Campylobacter was recovered from 9.3% of samples (n = 112), with a 

prevalence of 17.24% in whole muscle cuts and 7.35% in ground beef. Putative non-
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O157 STEC antigens were detected in 5.9% of samples. Whole muscle cuts had a 

prevalence of 4.11%, and ground beef sample prevalence was 6.99%. The most common 

serotypes detected in this study were O26 (3.8%), O145 (2.2%), O103 (1.3%), and O111 

(0.98%).  A chi-square analysis was conducted using the FREQ procedure of SAS.  A 

greater percentage of O26 was observed compared to O111 and O103 (P = 0.01 and P = 

0.04, respectively); however, no other comparisons between putative non-O157 STEC 

were significant (P > 0.05).  Whole muscle cuts had a higher prevalence of 

Campylobacter compared to ground beef (P < 0.01),; however, comparisons between 

whole muscle cuts and ground beef for the other two pathogens were not significant (P 

> 0.05).   Creating pathogen baselines in U.S. retail beef is imperative for targeting 

interventions for pathogen control.  These data can be utilized for a more complete 

understanding of these pathogens and their impact on public health from the 

consumption of beef products.
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INTRODUCTION 

According to 2011 estimates from the Centers for Disease Control and 

Prevention (CDC), one out of six Americans or 48 million people will become sick from 

foodborne illness each year, resulting in 3,000 deaths (CDC, 2011).  This is lower than 

the previously estimated numbers by the CDC of 76 million cases of foodborne illness 

and 5,000 deaths annually (CDC, 2011).  However, these numbers may not be entirely 

comparable because of the differing methods of data collection and analysis between 

1999 and 2011.  It is reported that these numbers may not be an accurate depiction of 

actual infections due to the failure of many individuals to report such illnesses.  The CDC 

estimated that the top five pathogens causing hospitalization domestically are 

Salmonella (non-typhoidal), Norovirus, Campylobacter spp., Toxoplasma gondii, and 

Escherichia coli (E. coli) O157.  Salmonella (non-typhoidal) and Campylobacter spp. were 

also categorized in the top five pathogens that contribute to death because of 

foodborne illness (CDC, 2011).     

 

 

 

 

         CHAPTER I 
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REVIEW OF LITERATURE 

Non-O157:H7 Escherichia coli (STEC) 

History and Background 

The original description of Bacterium coli commune was made by a German 

pediatrician, Dr. Theodore Escherich, in 1885.  Today this Gram-negative rod shaped 

organism is known as Escherichia coli or simply E. coli.  The organism is a common part 

of the anaerobic microflora in the intestines of humans and animals (Meng, 2007).  

These strains rarely cause disease unless the host is immunocompromised.  E. coli 

isolates are differentiated serologically based on surface antigens; these antigens are 

broken into three major groups (Meng,2007).  These three groups are O, which is 

somatic, H, the flagella antigen group, and K, which is the capsule antigen group (Neill, 

2001).   

The diarrheagenic E. coli was originally divided into five categories.  

Enteropathogenic E. coli (EPEC) is commonly associated with infants, especially in 

developing countries (Meng, 2007).  Enterotoxigenic E.coli (ETEC) is also a major cause 

of infantile diarrhea in developing countries, but is also known as travelers’ diarrhea 

(Meng, 2007). Diffuse-adhering E. coli (DAEC) is associated with diarrhea in infants 

(Meng, 2007).  Enteroinvasive E. coli (EIEC), which causes non-bloody diarrhea and 

CHAPTER II 
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dysentery similar to that caused by Shigella spp (Meng, 2007).  Enterohemorrhagic E. 

coli (EHEC), this group is recognized as human pathogens, with the most common 

serotype being O157:H7 (Meng, 2007).  Recently, a fifth category has been added, 

known as enteroaggregative E.coli, which (EAEC) these types of the organism have 

recently been associated with persistent diarrhea in children and infants in several 

countries worldwide (Meng, 2007).  

 While most E. coli found in the environment are non-pathogenic, there are 

several types of pathogenic E. coli (Meng, 2007).  As previously stated these fall into 

serotypes in the EHEC category, which are pathogenic due to the production of 

verotoxins (VT) or Shiga toxins (STX) (Meng, 2007).  Shiga toxin-producing E. coli (STEC) 

are distinguished by their ability to cause complications that may be life threatening 

such as hemolytic-uremic syndrome (HUS) or thrombotic thrombocytopenic pupura 

(TTP) (Neill, 2001).  One or more Shiga toxins can be produced by an STEC, stx1 and stx2.  

Stx1; is similar to the Shiga toxin produced by Shigella dysenteriae type 1, differing only 

by one amino acid (Grant, 2011).  The second group, stx2, differs from stx1 genetically 

and through significant antigenic variability (Grant, 2011).   

STEC were first linked to human illness in the United States was in 1982, when 

hemorrhagic colitis and HUS were traced back to an infection caused by E. coli O157:H7 

(Meng, 2007).  Ever since, public attention and scientific interest have lead to great 

advances in the understanding of E. coli O157; however, over the past twenty years 250 

different O serogroups have produced Shiga toxin, causing attention to shift towards 
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non-O157 strains as well (Johnson, 2006). Non-O157 STEC can be challenging because 

they do not have unique or distinguishable features that make them easily 

differentiated from other strains of E. coli, unlike O157 (Grant, 2011).  Data indicates 

that non-O157 STEC account for 20% to 50% of STEC infections annually in the United 

States (Johnson, 2006).  Symptoms can range widely from mild diarrhea to life-

threatening illness; Bugarel et al. (2010) reported that 5 to 15% of STEC cases are 

potentially life threatening (Bugarel, 2010) 

While there are more than 200 serotypes of STEC, not all have been implicated in 

human illnesses (Feng, 2006).  Pathogenicity depends on the strains ability to produce 

key virulence factors; over 50% of non-O157 STEC display these factors (Hussien, 2005).  

These factors include production of toxins and the strain’s ability to produce the E. coli 

attaching and effacing (eae) gene, which is responsible for intimate attachment to the 

intestinal surface (Hussein, 2005).  However, particular strains lacking eae have caused 

human illness, so the necessity of the eae gene is uncertain (Hussein, 2005).   

Shiga toxin-producing E. coli are an emerging cause of gastrointestinal illness in 

humans (Jaeger and Acheson, 2000).  Brooks et al. (2005) reports that non-O157 STEC 

cause approximately 37,000 illnesses in the U.S. annually (Brooks, 2005).  In the past, 

most research has focused on E. coli O157:H7 because it was declared an adulterant for 

ground beef products in 1994.  However, non-O157 STEC have recently been implicated 

in recalls and outbreaks, which may lead to the potential identification of non-O157 

STECs to be labeled by the Food Safety and Inspection Service (FSIS) as adulterants 
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(USDA, 2001).  A study conducted by Johnson et al. (2006) observed 11 sites in the U.S. 

between 1998 and 1999 and tested 13,798 stool samples for STEC (Johnson, 2006).  

Isolates from 104 samples showed that 46% of the isolates were non-O157 STEC 

(Johnson, 2006).  In Germany, non-O157 STEC accounted for 80% of diarrheal illness and 

the severity of infection range from mild diarrhea to HUS and even death (Johnson, 

2006). 

Although infections of STEC O157 are usually more severe, several studies in 

Europe indicated that non-O157 STEC infections occur more frequently (Hussein, 2006).  

In a study conducted in New Mexico, out of 111 cases of laboratory-confirmed sporadic 

STEC infections, 64% were non-O157 STEC, while only 36% were STEC O157 (Lathrop, 

2009).  In addition, a study conducted in Nebraska on stool samples tested the 

prevalence of O157 and non-O157 STEC in the Great Plains (CDC, 2001).  The study 

claimed to be the first to address prevalence of non-O157 within the Great Plains region 

(CDC, 2001).  Using multiple PCR they observed a prevalence of Non O157 STEC to be 

4.2% (CDC, 2001). 

  On May 27th 2010, Senator Kirsten Gillibrand (D-NY) proposed legislation for the 

addition of six non-O157 STEC strains to the Federal Meat Inspection Act (FMIA) 

adulterant list (Stevens, 2010). In the proposed legislation was also a guideline for the 

definition of E. coli to include all “enterohemorrhagic (EHEC) Shiga toxin-producing 

serotypes of Escherichia coli (E. coli).”  In addition, the USDA and beef manufacturers 
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would be required to test product for the six new strains of E. coli in addition to O157 

and dispose of all product testing positive (Stevens, 2010). 

Very little is currently known about non-O157:H7 STEC and their impact on food 

safety.  However, as explained above there is significant evidence to support a 

connection between the presence of these pathogens and foodborne illness.  According 

to Beutin et al. (2009), ruminant animals are known hosts of STEC, potentially placing 

beef products at risk for STEC contamination. (Beutin et al., 2009).  

The food safety and inspection service (FSIS) identified an increased number 

positive of E.coli O157:H7 in tested beef during June 2007 (USDA, 2007).  In reaction to 

this the FSIS increased the number of tests of ground by more than 75% approximately 

1,350 samples scheduled per month in July and started planning to conduct follow up 

tests for E.coli  O157:H7 (USDA, 2007).  In January 2008 FSIS began routine sampling 

that is targeted for O157:H7 in slaughter and processing facilities, larger volume 

operations will be tested more frequently (USDA, 2007).  Positive or presumptive 

positive samples are adulterated and the plant must take corrective action (USDA).  

These actions include notifying the district office of the positive through the FSIS 

Biological Information Transfer and E-mail System (BITES), the FSIS determines whether 

product retention, detention, or recall is necessary (FSIS).  The FSIS will then enter 

information into the System Tracking E.coli O157:H7- Positive Suppliers (STEPS), notifies 

the suppliers, and analyzes the situation in order to determine if enforcement action is 
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appropriate (FSIS).  This type of action is necessary in order to keep the food supply safe 

but can be problematic from a research stand point.    

Non-O157:H7 STEC U.S. Outbreaks 

 In 2000, the Centers for Control CDC established STEC illnesses were reportable.  

A wide variety of outbreaks may be attributable to several serotypes, however with 75% 

of the reported cases in the U.S. belong to just six serogroups: O26, O45, O103, O111, 

and O145 (Grant, 2011).  The FSIS reports that these six serogroups account for a much 

higher percentage, 95%, of the non-O157 STEC outbreaks between 1990 and 2007 

(Raymond, 2008).  Twenty-three outbreaks of non-O157 STEC illnesses were reported in 

the U.S. between 1990 and 2007.  One of the major modes of transmission was food 

with major foods being salads, berries, milk, cider, and punch (Grant, 2011).  It is quite 

possible for small outbreaks to go undiagnosed and unnoticed (Meng, 1997).  Most 

outbreaks are associated with O157; however, outbreaks have been caused by other 

serotypes as well (Meng, 1997).    

Non-O157:H7 STEC U.S. Prevalence 

Humans are likely more exposed to non-O157 STEC than STEC O157 due to 

higher prevalence in animals, resulting in higher food contamination (ESR,2001).   An 

additional study conducted in New Zealand further emphasized that non-O157 STEC is 

more common in foods than O157:H7; however, not all are pathogenic to humans 

because not all types have the ability to produce key virulence factors (ESR, 2001).  
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Worldwide prevalence for non-O157 STEC range from 4.6 to 55.9% in feedlot 

cattle and from 4.7 to 44.8% in grazing cattle (Hussein, 2005).  Harvest cattle worldwide 

are found to have prevalence that range from 2.1% to 70.1 % (Hussein, 2005), indicating 

that STEC are present in the beef production system and exist at widely variable 

prevalence. 

Non-O157 prevalence for beef in the U.S. was documented by Hussein and 

Bollinger (Hussein, 2005).  They found non-O157 STEC to be more prevalent in beef 

products than E. coli O157, prevalence ranged from 1.7% to 58.0% in beef samples that 

had been obtained from packing plants (Hussein, 2005).  The prevalence was even 

higher in beef samples taken from retail, 3.0% to 62.5% (Hussein, 2005).  Overall, the 

study found that prevalence for whole carcasses was 1.7% to 58.0%, ground beef was 

2.4% to 30.0%, and products such as steaks had a prevalence of 19.0 % (Hussein, 2005).  

These prevalences are wide and most likely explained by different levels of care and 

attention to safe handling procedures within production facilities (Hussein, 2005). 

 Grant et al. (2011) reported the prevalence of non-O157 STEC in raw beef was 

2.4% to 49.6% in Canada, and U.S samples prevalence ranged from 5.7% to 26.2% 

(Grant, 2011).  In another study conducted by Arthur et. al (2002) 180 samples of 334 

pre-evisceration samples as well as 27 of 326 samples were tested for non-O157 STEC 

after antimicrobial intervention application (Arthur,2002).  At pre-evisceration, 53.9% 

were positive for non-O157 STEC and 8.3% of the post antimicrobial intervention 

application samples were positive for non-O157 STEC (Arthur, 2002). 
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Testing Methods for STEC 

 Traditional polymerase chain reaction (PCR), multiplex PCR, and Real-Time PCR 

methods have all been used for the detection of non-O157 STEC (Paton, 1997).  Rapid 

detection has become increasingly more popular in order to provide timely medical 

interventions for patients with life threatening infections caused by EHEC or STEC. Rapid 

detection has been made possible by PCR. Unfortunately; basic PCR cannot distinguish 

differences between EHEC and STEC.   

 The multiplex PCR assay was the next instrument used to progress toward rapid 

detection which is capable of detecting virulence types and serotypes.  However, gel 

electrophoresis must be used with this method in order to separate the amplified DNA 

which is time consuming and results can be hard to interpret.  Difficulties with gel 

creation sparked interested in bypassing the gel electrophoresis step.  Real-time PCR 

technology overcomes the gel step and brings innovation to the field by ensuring a more 

specific detection using a rapid assay. 

   A recent innovation in the real-time PCR field is the GeneSystems PCR 

techonology.  This technology allows for concurrent detection of multiple targets. 

Primers and fluorescence-labeled probes are added to samples of DNA, which is divided 

into six chambers on a disc.  Each disc can hold six samples for synchronized detection.  

When testing the efficiency of the real-time PCR using dilution of boiled bacteria that 

were quantified using titration, Beutin et al. (2009) found real-time PCRs showed 
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efficiencies greater than 90%.  However, in relation to sensitivity of stx1/stx2, PCR was 

less sensitive than other PCR technologies (Beutin, 2009). 

 Traditional culture methods for the detection of STEC use several selective media 

(Boer, 1998).  Many of the same media used for O157 can also be used to isolate non-

O157 STEC (Boer, 1998).  Selective enrichments media used include tryptone soy broth 

(TSB), modified tryptone soy broth with vancomycin, cefsuldoin, and cefixime 

(TSB+EEB), buffered peptone water (BPW), or modified E.coli broth with novobiocin 

(mEC+n).  The FSIS recommends the use of Rainbow Agar for confirmation of isolates 

(FSIS,2010).  The typical phenotypes of non-O157 STEC colonies are shown in table 1a.  

Colonies can be distinguished by color but agglutination should still be performed in 

order to confirm positives. 

Campylobacter 

History and Background 

Belonging to the family Campylobacteraceae, Campylobacter is a gram negative 

bacterium that is either S-shaped, curved or a spiral rod (Nachamkin, 2007).  Presently 

the family of Campylobacteraceae includes three genera, Campylobacter, Arcobacter, 

and Sulfurospirillum.  The genus Campylobacter contains seventeen species (Nachamkin, 

2007).   Campylobacter is predominately microaerophilic, with optimal growth observed 

at reduced oxygen levels.  It has been noted that several species of Campylobacter also 

require an increased hydrogen environment (Nachamkin, 2007).  Campylobacter is 
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sensitive to several environmental conditions, including temperatures fluctuations, 

which have a great affect on organism viability.  Growth does not occur at temperatures 

lower than 30°C.  Due to these factors, Campylobacter is presumed to be extremely 

sensitive and difficult to analyze, culture, and detect. 

In 1886, Theodor Escherich discovered a spiral form of bacteria in stool 

specimens and intestinal mucous of neonates and kittens.  This spiral form of bacteria 

was thought to be the bacterium known today as Campylobacter spp. (Shulman, 2007).  

Originally, Campylobacter was referred to as Vibrio fetus by Theobald Smith, who 

discovered the spirillum while studying infectious abortion in cattle. At the time, it was 

believed Campylobacter was exclusive to animals (Franco and Williams, 2001).  

Campylobacter exists in the intestines of cattle, sheep, pigs, and poultry, causing 

abortion and infertility in cattle, sheep, and poultry.   However, in 1957, Elizabeth O. 

King successfully isolated two groups of organisms from blood samples of children, 

indicating that Campylobacter is a zoonotic organism (Franco and Williams, 2001).  One 

group corresponded closely to V. fetus while the other group related to vibrios.    

Sebald and Veron (1963) proposed the removal of King’s two organisms from the 

genus Vibrio, after finding that the two groups differed biochemically and serologically 

from classical Vibrio species (Franco and Williams, 2001).  The two groups were given 

the name Campylobacter, which is Greek for ‘curved rod.’  The first human stool sample 

isolates were obtained by a clinical microbiologist from Belgium from patients suffering 

from diarrhea in 1972 (Altekruse et al., 1999).  By 1982, the prevalence of 
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Campylobacter infection among humans was nearly equal to that of Hepatitis-B causing 

Finch and Riley (1982) to declare that the organism was as common as Salmonella and 

more common than Shigella spp. (Franco and Williams, 2001).    

Today Campylobacter is recognized as one of the most common causes of 

gastroenteritis.  According to the CDC, each year there are an estimated 2.4 million 

infections, which is 0.8% of the U.S. population, and Campylobacter jejuni is the most 

common form (CDC, 2010).  Campylobacter is unique because it does not result in mass 

outbreaks, but rather sporadic isolated cases that usually infect either young children 

(under 5 years old) or young adults (ages 15-24).  Campylobacter cases are generally 

more prevalent in males than in females (CDC, Franco, and Williams, 2001).  According 

to the U.S. Food and Drug Administration (FDA), infected individuals will experience 

diarrhea that usually contains blood and leukocytes.  Illness usually occurs 2 to 5 days 

after ingestion and can last up 10 days with 25% of cases relapsing (FDA, 2010).  

However, Campylobacter rarely results in death.  Estimates made by Centers for Disease 

Control and Prevention state that approximately 124 persons infected with the disease 

will die each year.  In rare cases, a person who is infected with Campylobacter will 

develop a disease called Guillian-Barre syndrome. This disease affects the nerves in the 

body and begins several weeks after the diarrheal illness (CDC, 2010).  Nonetheless, 

most infected with the pathogen will recover within 7 to 10 days without the need for 

antibiotics.   
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The most common food reservoirs for Campylobacter are poultry products, raw 

milk, and untreated water; however, it is also common in swine, cattle, goats, and sheep 

and can easily be transmitted to humans. Though not common, human to human 

contact can result in transmission of the bacterium (Franco and Williams, 2001).  

Campylobacter U.S. Prevalence 

A larger percentage of Campylobacter is recovered from chicken than beef; in 

fact more than 90% of chicken breasts each year contain positive isolates for 

Campylobacter.  Research has shown that 20 to 100% of retail chickens are 

contaminated with the organism (FDA).  It is assumed these high numbers are because 

many healthy chickens carry Campylobacter in their intestinal tract (Franco, Williams, 

2001).  This has shifted Campylobacter testing more towards chicken products than any 

other meat type (Franco, Williams, 2001)   The FDA reported in the 2008 Retail Meat 

Report that ground beef and pork chops are no longer tested because of low recovery 

rates from 2002 to 2007.  In support of these findings, a study conducted in the greater 

Washington, D.C., area reported the prevalence of Campylobacter in beef products from 

719 samples in 59 stores was 0.5%.  Only four samples tested positive for all species of 

Campylobacter (Zhao, 2001).   

 Studies conducted in Alberta, Canada on 142 retail lean and regular ground beef 

packages found that 46% of the packages tested positive for Campylobacter (Hannon, 

2009). This same study cites that in the United States, between 2002 and 2005, 
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Campylobacter was found in only 1 of 2,073 packages of ground beef tested which is 

roughly 0.05% (Hannon, 2009).  Similarly, Bosilevac et al. (2006) reported the presence 

of Campylobacter in boneless beef trim used for ground beef was as low as 1.3% 

(Bosilevac, 2006). 

Testing Methods for Campylobacter 

 According to the FSIS direct plating is a rapid and effective method for 

enumeration of Campylobacter, most protocols are based on methodology used for 

chickens (FSIS, 2010).  Campylobacter is susceptible to environmental stresses, 

therefore, the use of oxygen-quenching agents, microaerophic atmosphere, and 

antibiotics will have a significant effect on the number of recoverable colonies due to 

their suppressive effect on competitors (FSIS, 2010).  Blood-Free Bolton’s broth is often 

used in order to supplement the direct plating method to increase sensitivity for 

detection of low level or potentially injured cells (FSIS, 2010).  The broth is streaked or 

spread onto agar Campylobacter selective agar for isolation or agglutination (FSIS, 

2010).  Agglutination utilizes latex in order to target specific antigens and will render a 

positive or a negative result (FSIS, 2010).  This type of latex agglutination test is a rapid 

identification source for Campylobacter testing.  Polyclonal antibodies are used for the 

detection of antigenic membrane proteins or antigentic epitopes from flagella (FSIS, 

2010).   In some cases PCR can be used to indentify positive or negative results for 

Campylobacter.  



Texas Tech University, Jessie Vipham, May 2011 
 

15 
 

Salmonella 

History and Background 

Salmonella was first recognized in France by clinical pathologists in 1880.  Named 

after D.E. Salmon, whose contemporary work led to the first isolation of Baccillus 

cholera-suis, otherwise known as Salmonella enteric.  Salmonella is a rod shaped gram-

negative bacteria that belongs to the family Enterobacteriaceae. (D’Aoust, Maurer, 

2007).    In the early 19th century, human intestinal ulceration was associated with a 

contagious agent.  This disease was later identified as typhoid fever which is a type of 

Salmonella known as Salmonella Typhi. (Anderson, Ziprin, 2001).   

Salmonella is a generic term used to describe a wide prevalence of salmonellae 

from different habitats that cause different immunological reactions.  Consequently, 

serological typing became necessary for differentiation (Anderson, Ziprin, 2001).  During 

the first part of the 20th century great advances were made is the serological detection 

of both the O and the H antigens (somatic and flagellar) in accordance with the 

Kauffmann-White diagnostic scheme.  This scheme was first proposed by White in 1926 

and later expanded in 1941 by Kauffmann. (Anderson, Ziprin, 2001).    Salmonella are 

generally motile, though non-flagellated variants do exist, which are usually the product 

of dysfunctional flagella.  Salmonella contains two species, S. enteric and S. bonfori.  

Each species is further divided into subspecies which biochemically differ from one 
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another.  There are approximately 2,450 serotypes identified including both non-

pathogenic and pathogenic strains (Bailey, 2010). 

 Salmonella has caused approximately 1.4 million cases of foodborne illness, 

resulting in more than 500 deaths yearly (CDC, 2010).  Salmonellosis is a human 

infection that is caused by the bacteria Salmonella.  The majority of people who are 

infected with Salmonella develop diarrhea, fever, and abdominal cramps. The onset 

time of the infection is 12 to 72 hours and the duration of the illness is four to seven 

days.  Most people recover from the infection without treatment.  Salmonella is capable 

of colonization and invasion of intestinal cells.  This is the mechanism responsible for 

establishment of infection in a human host.   

Several micro-organisms, including Salmonella, naturally inhabit the 

gastrointestinal tract of animals.  Nonetheless, it is ubiquitous in nature and isolates 

have been taking from several sources (Bailey, 2010).  Salmonella is commonly 

associated with raw or undercooked meat and egg products (Bailey, 2010).  Chicken has 

the highest frequency of positive samples among meat products; however, it is present 

in beef products as well (Bailey, 2010).   

Salmonella U.S. Outbreaks 

 Salmonella is commonly associated with outbreaks of several different food 

types from eggs to spinach to ground beef.  In 2009, a King Soopers retail store in 

Denver, Colorado recalled 466,236 pounds of ground beef product that was suspected 
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of contamination with Salmonella (USDA, 2009).  This ground beef originated from 

several production dates from May until June 2009; the outbreak was linked to 14 

illnesses in Colorado and appeared to be resistant to several commonly prescribed drugs 

(USDA, 2009). 

 In 2004, the CDC determined that ground beef purchased from retail outlets was 

responsible for 31 illnesses that affected nine states (CDC, 2004).  The FSIS launched an 

investigation and no product was recalled in this case (CDC, 2004).  In 2009, two large 

recalls of ground beef were initiated.  Cargill recalled 20,000 pounds of ground beef; 

however, only two cases of were confirmed (Reynolds, 2009).  The second incident 

involved a much larger recall of 826,000 pounds of ground beef in August of 2009 by 

Beef Packers Inc. Cargill in Fresno, California (Reynolds, 2009).  At least 39 people were 

infected with the same strain that was also responsible for the recall issued for Cargill 

ground beef.   

Salmonella U.S. Prevalence 

 McEvoy, Sheridan and McDowel (1997) reported the prevalence of Salmonella 

on beef carcasses before chilling was 6.5% and 7.7% after chilling in the United Kingdom 

(McEvoy, 1997).  The FSIS reports of 10 ground beef-producing plants showed a 

prevalence of 4.8 % Salmonella in ground beef (FSIS, 1999).  According to Bacon et al. 

(2002), Salmonella on beef carcasses in the U.S. was 1.3% before chilling (Bacon et al., 

2002).  Zhao et al. (2001) reported 1.9% of beef samples tested positive for Salmonella 
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in the greater Washington D.C., area.  According to be 1.9% (Zhao, 2001) and the USDA 

reports, the total prevalence of Salmonella in ground beef between 2002 and 2008 was 

1.3% (USDA, 2007).   

Prevalence Testing Methods 

 The Bax® system is an Association of Analytical Chemists (AOAC) approved PCR 

system used to detect the presence of Salmonella in several food types including meat 

products (DuPont, 2005).  The system processes samples that have been enriched 

according to specific food protocols (DuPont, 2005).  The enriched samples are then 

subjected to lysis and heat, followed by DNA amplification (DuPont, 2005).  Fluorescents 

are added to the samples to target DNA fragments (DuPont, 2005).  After the system has 

finished cycling the results are displayed on a computer monitor (DuPont, 2005).  

Positive and negative controls are used to insure accurate data (DuPont, 2005).   

 Most food products are pre-enriched in non-selective liquid, typically buffered 

peptone water (Boer, 1998).   Incubation time and temperature tend to be more critical 

factors than the type of pre-enrichment used, incubation is usually overnight or 16-20 h 

(Boer, 1998).  Selective enrichment is then used in order to increase the number of 

Salmonella and decreasing the background flora (Boer, 1998).    International 

Organization for Standardization (ISO) recommends Rappaport-Vassiliadis (RV) broth 

and selenite cystine (SC) broths to be used jointly for enrichments (Boer, 1998).   
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   Isolations media has changed over the years and new developments have been 

made of the past 5-10 years, suggesting that an optimal media has not been found 

(Boer, 1998).  Newer medias include Rambach, xylose lysine Terigitol 4 (XLT4), SM-ID, 

novobiocin brilliant green glycerol lactose (NBGL) (Boer, 1998).  Once colonies have 

been grown agglutination of isolated colonies can be conducted and isolates from 

positive colonies can be taken. 

 Contamination of Beef products 

Contamination can occur during several points in the beef production chain.  

Ruminants, such as beef cattle, are natural reservoirs for STEC, Salmonella, and 

Campylobacter. Pathogens that are present within the rumen of cattle can be shed 

through fecal matter, which is easily transferred to hides. Reicks et al. observed midline 

samples with a prevalence of 65.9% to 73% and a prevalence of 55.4% to 60.1% for 

withers (Reicks, 200).  According McEvoy (2004), Salmonella was present in 2% of fecal 

samples and 66% of carcasses that tested positive for Salmonella originated from 

animals that carry Salmonella in their feces.  Kunze et al.  reported a much higher 

prevalence from fecal samples at 30.3% and the prevalence on hides to be 69.6% 

(Kunze, 2007). 

    Numerous interactive factors affect the amount of contamination of animal 

hides presented at harvest; (McEvoy, 2003).  Cross contamination can begin during 

transport with other animals via direct body contact or indirectly via contact surfaces 



Texas Tech University, Jessie Vipham, May 2011 
 

20 
 

(McEvoy, 2003).  Contaminants can be transferred to the carcass during hide removal by 

initial cuts with knife, handling carcass surfaces with the same hand used for handling 

the hide, and hide rolling (Reid, 2001).  Contaminants that have been transferred from 

the hide to an individual carcass now carry the risk of cross-contaminating the entire 

production chain of a plant. 

Several factors influence carcass contamination.  These factors include but are 

not limited to: transport conditions and duration, (McEvoy, 2004), lairage practices, 

herd lot mingling, drinking water systems, (McEvoy, 2004), hide cleanliness, (McEvoy, 

2004), and feed withdrawal, (McEvoy, 2004), line speed, automated hide 

puller/debunging, (McEvoy, 2004), extent/efficiency of abattoir cleaning, operative 

hygiene practices, (McEvoy, 2004), and carcass decontamination/HACCP systems. 

Various STEC strains have been isolated from different animals; however, 

ruminants are more prevalent carriers than non-ruminant animals (Hussein, 2006).  Due 

to the innate presence of STEC in the intestines, cattle hides have been identified as a 

central source of microbial contamination during processing (Hussein, 2006).  Barkocy-

Gallagher et al.  (2003) investigated the seasonal prevalence of non-O157 STEC from 

fecal samples, hide samples, and pre-evisceration carcass samples in commercial beef 

processing plants. Results from the study indicated approximately 90% of the pre-

evisceration carcass samples were shiga toxin (stx) positive, with an overall prevalence 

of 96.5% for pre-evisceration carcass samples, (Barkocy-Gallagher, 2003). 
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  Barkocy-Gallagher et al. (2003) also found that the prevalence for pre-

eviscerated carcasses for the spring, summer, fall, and winter were 60.2% 64.9, %65.5%, 

41.6%, respectively.  STEC were detected in 13.6%, 4.0%, 12.2%, and 6.3% in chilled 

carcasses in the spring, summer, fall, and winter, respectively (Barkocy-Gallagher, 2003).  

It is important to note that in this study none of the non-O157 STEC were serotyped.  

The rate of detection was lower in chilled carcasses compared to carcasses prior to 

evisceration (Barkocy-Gallagher, 2003).   

Salmonella is found in healthy cattle so its presence is expected in cattle ready 

for slaughter.  McEvoy et al. reports the prevalence of Salmonella in feces, 6.8% of 310 

fecal samples tested positive for Salmonella (McEvoy, 2003).  This study also indicated 

that while on most occasions’ prevalence is low there can be the occasional rise in 

prevalence, causing increased contamination in facilities with typically low Salmonella 

prevalence spikes to occur in the facility that would not usually be present (McEvoy, 

2003).   

Animals that are harvested for meat consumption can potentially become 

contaminated with Salmonella bacteria during the harvesting process.  However, 

harvest is not the only area in the production chain where contamination can occur. 

Miller et al. reports that cleanliness of trucks during shipping does not affect pathogens 

observed on hides; however, increased total numbers of pathogens were observed 

indicating there is a source of contamination between loading and shipping (Miller, 

2008).   Consequently, in 1996, A Hazard Analysis Critical Control Plan (HACCP) was 
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implemented in a meat packing plants in the United States.  This was implemented by 

the USDA Food Safety Inspection Service (FSIS) and they published the “Final Rule on 

Pathogen Reduction and Hazard Analysis and Critical Control Point (HACCP) Points 

Systems” in July of 1996.  The basis of this implementation was in order to test all meat 

and poultry plants in the industry for E. coli.  The FSIS conducts testing for Salmonella as 

well in order to verify that the implemented HACCP plans are serving to control 

contamination in finished products (D’Aoust, Maurer, 2007).       

As stated previously, hides appear to have a large influence on the amount of 

contamination that occurs during processing.  There is evidence that suggests that cattle 

that undergo feed withdrawl, transport stress, and commingling prior to slaughter can 

affect the number of cattle contaminated (Beach, 2002).  Contamination can occur 

during many parts of the process chain, 75% of isolates from cattle entering slaughter 

facilities belong to a single clone even though animals originated from different farms 

(McEvoy, 2004).  This may suggest that the contamination of hides is occurring at the 

plant. 

While hide contamination is a major factor in respect to Salmonella, 

Campylobacter appears to behave differently than Salmonella.  Beach et al. (2002) 

indicated in a study conducted on the prevalence of pathogens in beef cattle hides 

during transport to slaughter (Beach, 2002).  In this study it was found that although 

there was no significant difference between pre-transit and post-transit fecal shedding 

of Salmonella and Campylobacter; however, a significant increase was observed in the 
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contamination of the hides in regards to Salmonella and a significant decrease with 

regards to Campylobacter (Beach, 2002).  The role of environmental contamination in 

the study was higher in respect to Salmonella while there seemed to be no evidence 

that environmental factors contribute to Campylobacter contamination (Beach, 2003). 

The most significant means of contamination at the plant level is most likely 

caused by cattle; however, there are several factors that also are involved in the 

transfer of pathogens through the process (McEvoy, 2004).  These factors are everything 

from line speed and slaughter scheduling to the degree of care invested by operators 

(McEvoy, 2004). 

Salmonella, non-O157 STEC, and Campylobacter are common contaminates of 

beef products.  Once carcasses are contaminated there is a chance for these pathogens 

to make it into retail beef.  These three bacteria have been observed in this study to be 

prevalent in ground beef with Campylobacter appearing to be the most prevalent 

(Figure 1a).  They appear to contaminate both ground beef and whole muscle cuts 

(Figure 2a). as well as ground beef packaged in differing package types (Figure 3a).  It is 

because of this that several interventions should be implemented in order to try and 

control contamination along the production chain.  

Packaging Methods 

 For this project three major packaging types were collected. Modified 

atmosphere packaging (MAP), Chub packaging, and with polyvinyl chloride (PVC) film.  
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Map encloses beef products in an environment that is not air (Brooks, 2007).  Air is 

removed during the packaging process and replaced with gases found in air, usually 

oxygen, carbon dioxide, nitrogen and or carbon monoxide.  These gases have their own 

individual effect on product quality (Brooks, 2007).  Most commonly MAP contains 80% 

oxygen 20% carbon monoxide or 0.4% carbon monoxide 30% carbon dioxide 69.6% 

nitrogen (Brooks, 2007).  According the Brooks et. al it has been suggested that a  there 

is a potential association between MAP and spoilage and pathogenic bacteria (Brooks, 

2007).  MAP can mask the normal indicators of spoilage such as color, texture, odor, 

taste, and microbial counts (Brooks, 2007).   

 Approximately two-thirds of fresh meat packages are store wrapped but the 

number is declining each due to case-ready packaging (Brooks, 2007).  Beef packaged in 

this type of packaging is covered by atmosphere permeable plastic film (Brooks, 2007).  

The permeability of the plastic allows for oxygen to come into contact with the beef 

product (Brooks, 2007).  This type of packaging posses the shortest case-life due to 

exposure of the product to oxygen promotes oxidation and does not inhibit bacterial 

growth (Brooks, 2007). 

 Chub packaging is when ground is stuffed into a plastic casing and sealed 

commonly using a metal clip (Nissen, 2000).  This type of packaging is not permeable so 

a reduced oxygen atmosphere is created.  A study conducted by Nissen et. Al (2000) 

tested the growth of Yersina enterocolitica, Listeria moncytogenes, Escherichia coli 

O157:H7 and Salmonella spp. In chub packaging  as well as MAP packaging at two 
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different levels of 70% and 60% levels for CO2 (Nissen, 2000).  In this study ground beef 

was inoculated with Salmonella and stored at 10°C growth observed in the chub 

packages was greater than in the high and low CO2 MAP, about 10-fold higher (Nissen, 

2000).   

 The objective of this study is to create a baseline for three major food pathogens 

in retail ground and whole muscle beef cuts in the United States.  Baseline studies are 

important to conduct in order to fully understand the role of pathogens in affecting 

human health.  The world food supply is becoming more and more globalized and 

baselines can be used to anchor the safety of the U.S. food supply against other 

countries.  Baselines can also serve as a guide to observe the efficacy of interventions 

and controls in reducing these pathogens in beef products.  Information obtained 

through conducting baselines can be used as an anchor in order to compare the U.S. 

food supply with other countries   However, because baselines are only snapshot of the 

prevalence of bacteria at a given time point they need to be routinely constructed in 

order to have a better understanding of how certain factors such as season or new 

technologies affect the prevalence.
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Table 1.a Depicts the typical phenotypes of non-O157 STEC grown on Rainbow Agar. 

E.coli Strain Colony color on Rainbow Agar 

O26 Purple 

O45 Magenta, mauve 

O103 Blue-violet 

O111 Gray-black  

O121 Pink with dark pink center 

O145 Violet or light purple 
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CAMPYLOBACTER PREVALENCE IN GROUND BEEF AND WHOLE MUSCLE BEEF CUTS IN THE UNITED STATES 
 

Introduction 
 

 In recent years, there has been a renewed interest in Campylobacter control and 

significance in meat and poultry products.  Only in the past century has it been 

implicated as a threat to public health.  In 1996, the Foodborne Disease Active 

Surveillance Network, which is a collaborative site between the Centers for Disease 

Control and Prevention (CDC), U.S. Department of Agriculture (USDA), and the Food and 

Drug Administration (FDA), reported that 46% of laboratory confirmed cases of bacterial 

gastroenteritis were caused by Campylobacter species (Altekruse, 1999).  Recently the 

CDC disclosed the 2011 Foodborne Illness Estimates, identifying Campylobacter spp. as 

one of the top five pathogens causing illness, hospitalization, and death (CDC, 2011).  

 Campylobacter infection can occur within two to five days after exposure to the 

bacteria (CDC, 2011).  Symptoms include diarrhea, which can in some cases be bloody, 

abdominal pain and cramping, and fever (CDC, 2011).  Nausea and vomiting may also 

occur.  These symptoms can last up to a week and 25% of cases relapse (CDC, 2011).  

Estimates by the CDC report that 124 people die each year of Campylobacter infections 

(CDC, 2011). 

 For years, Campylobacter has been commonly associated as a contaminant for 

chicken products in the U.S., yet it may be an unfamiliar term to most consumers.  In 

fact more than 90% of chicken breasts each year test positive for Campylobacter.  

        CHAPTER III 
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However, it is not exclusive to chicken; it can be found in the intestines of many farm 

animals, therefore making it a potential contaminant for other meat products including 

beef.  Prevalence studies conducted in the U.S. have found it to be present in variable 

detected amounts in beef products.  A study conducted in the greater Washington D.C. 

area found 0.5% of beef products were positive for Campylobacter, with a total of four 

samples testing positive for all species of Campylobacter (Zhao, 2001).  Another study 

conducted in the U.S. and Canada found the prevalence in ground beef in the U.S. to 

only be 0.001% while the prevalence in Alberta Canada for lean and regular ground beef 

was 46% (Hannon, 2009).  

Food Microbiology Fundamentals and Frontiers reports that Campylobacter 

isolation in beef cattle averages 6%, ranges as low as 1% to as high as 54% (Nachamkin, 

2007).  Altekruse et al. (1999) reported that the prevalence of Campylobacter in ground 

beef was 5% (Altekruse et al., 1999). 

 Little research is currently available to determine the prevalence of 

Campylobacter in beef products that are available in U.S. retail markets.  While there is 

significant data available for the prevalence of Campylobacter in other countries, 

current available data for the prevalence of Campylobacter in the U.S. pertains to small 

regional areas within the U.S. and is scarce.  The objective of this study was to 

determine the prevalence of Campylobacter in the national beef retail supply.   
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Materials and Methods 

Sample collection 

Sample collection occurred during the months of February through May, 2010.   

Ground beef (n = 979 samples) and whole muscle cuts (n = 232 samples) were collected 

from retail outlets across the United States.  Samples were collected from the following 

locations:  St. Charles, MO; Cincinnati, OH; Columbus, OH; Indianapolis, IN; Baltimore, 

MD; Boston, MA; Providence, RI; New Brunswick, NJ; Stanton Island, NY; Buffalo, NY; 

Philadelphia, A; Richmond, VA; Pittsburgh, PA; Santa Monica, CA; Sacramento, CA; San 

Francisco, CA; Tampa Bay, FL; Orlando, FL; Ft. Lauderdale, FL; and Houston, TX; (Table 

1).   Texas Tech University graduate students and staff members traveled to cities in four 

different regions of the country (East, South, Midwest, West) and purchased 

approximately 20 ground beef samples per store, of varying lean/fat composition (96/4, 

93/7, 92/8, 90/10, 85/15, 80/20, 73/27) and four different package types (modified 

atmosphere packaging (MAP), traditional polyvinylchloride film overwrap (PVC), chub, 

and laminate vacuum packaging).  MAP can consist of aerobic and anaerobic 

environments, but was not differentiated in this project.  MAP trays were characterized 

as packaging consisting of rigid plastic trays sealed with a high barrier film to maintain a 

modified environment (different than air) within the package. Chub packaging consisted 

of a polyvinyl bag that was sealed or tied at each end using metal clips.  PVC packaging 

consisted of an expanded polystyrene tray and product over-wrapped with polyvinyl 

chloride (PVC) film.  Laminate packaging consisted of two, high barrier films laminated 



Texas Tech University, Jessie Vipham, May 2011 
 

36 
 

together around a meat product after vacuum packaging.  Whole muscle cut samples 

consisted of round (top, bottom, and inside) and strip loin steaks (n = 3 per subprimal 

per store). Samples were labeled and shipped via overnight carrier to Texas Tech 

University located in Lubbock, TX, in insulated coolers within 48 to 72 hours. 

Ground Beef Sampling 

 Each package was aseptically opened using a sterile metal spatula and a knife 

sanitized using 95% ethanol and flaming techniques prior to sample collection. Ground 

beef 25 g aliquots were taken from five locations in the package (four corners and the 

middle) to adequately represent the package.  A total of 25 g of sample was placed into 

Whirl pack bags (Nasco Ft. Atkinson, WI) which were then sealed.  The remaining ground 

beef samples were vacuum packaged and frozen to conduct proximate analysis at a 

later date.  Each 25 g sample of ground beef was placed into 90ml  Bolton selective 

enrichment broth with Bolton selective supplement (EMD Chemicals Inc. Gibbstown, NJ) 

and homogenized using a stomacher (Seward 400 circulator, West Sussex United 

Kingdom).  The Bolton selective enrichment broth and meat homogenate was used to 

completely fill 160 mL screw topped containers (PYREX® 160mL milk dilution bottles, 

Corning Incorporated Life Sciences Lowell MA) within 20 mm of the top.  The screw top 

containers facilitated the microaerophilic environment necessary for growth.  This is 

known as the Preston Method of Campylobacter enrichment (Oxoid, 2010).  The Bolton 

Selective Broth does not require microaerophilic environment (Nachamkin, 2007).  

However, it must be used jointly with screw topped containers which are filled within 
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20mm of the top of the container (Oxoid, 2001).  The samples were incubated for 4 h at 

37°C followed by further incubation at 42°C for 20 h.  This method is approved by the 

Oxoid Ltd. Company, Campbridge UK.   

Whole Muscle Sampling 

 Whole muscles samples were placed into 90 mL of buffer peptone water (BPW) 

and rinsed by placing the individual whole muscle cuts into individual ziploc bags with 

the BPW and shaking for 2 m.  After rinsing , the whole muscle was removed with sterile 

forceps and the BPW rinse was added to 100 mL of double strength Bolton selective 

broth with Bolton selective supplement (EMD Chemicals Inc. Gibbstown, NJ) and poured 

into screw top containers (PYREX® 160mL milk dilution bottles, Corning Incorporated 

Life Sciences; Lowell, MA). Additional Bolton broth was added if needed in order to fill 

the bottle within 20 mm of the top.  Double strength Bolton broth was used to 

compensate for the 90 mL of BPW and to ensure adequate concentration to facilitate 

Campylobacter growth.  The samples were incubated under microaerophilic conditions 

using anaerobic chambers at 37°C for 4 h and then 42°C for 20 h. 

Colony Isolation 

 Campylobacter blood free selective modified charcoal cefoperazone 

desoxycholate (MCCDA, Oxoid Company Cambridge UK) agar plates were used to plate 

all microbiological samples.  The screw top bottles were removed from the incubator 

after 24 h and shaken to insure even disbursement throughout the bottle,100 µL were 
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pipetted onto an MCCDA plate using the spread plating technique.  Plates were inverted 

and placed in anaerobic chambers using Campylobacter gas packs (BD E2 and Oxoid) 

prior to placement in incubators.  The initial incubation time and temperature was 48 h 

at 37° C; however, the incubation parameters were changed after slow growing plates 

were discovered so that the most accurate analyses could be performed. Therefore, the 

remaining samples were incubated at 42°C for 48 h. 

Confirmation 

 Growth was observed on the plates after the incubation period and divided into 

groups of plates that either did or did not display visual growth.  All plates that displayed 

growth were tested and either found to be positive or negative for the presence of 

Campylobacter through agglutination.  A Campylobacter culture confirmation test, 

utilizing latex agglutination, for C. jejuni, C. Coli, and C. laridis (L-CAM01T, Scimdex 

Corporation, Denville, NJ) was used to agglutinate plates that displayed growth after the 

48 h incubation period.  Any samples with visible agglutination occurring after rotating 

for 5 min at room temperature were considered positive.  Positive and negative control 

samples were analyzed with each group of ten samples to ensure no false positives.  

Samples that were inconclusive were agglutinated twice.   All positives were kept and 

stored in a cooler at 4°C, and negative plates were discarded. 
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Proximate Analysis 

  Percentages were achieved using the frequency procedure of SAS (SAS Int. Inc., 

Cary, NC).  Percentages were created for total samples, individual packaging types, and 

whole muscle cuts and ground beef samples.  Proximate analysis data were also 

analyzed using the GLM procedure of SAS.  Independent variables were presence or 

absence of the three pathogens; dependent variables were fat, protein, moisture, and 

collagen.  Significance was detected at P < 0.05.  Chi-square comparisons were made 

between whole muscle and ground beef samples and between serotypes of E.coli 

samples.  Significance was detected at P < 0.05. 

Statistical Analysis 

 Percentages were achieved using the frequency procedure of SAS (SAS Int. Inc., 

Cary, NC).  Percentages were created for total samples, individual packaging types, and 

whole muscle cuts and ground beef samples.  Proximate analysis data were also 

analyzed using the GLM procedure of SAS.  Independent variables were presence or 

absence of the three pathogens; dependent variables were fat, protein, moisture, and 

collagen.  Significance was detected at P < 0.05.  Chi-square comparisons were made 

between whole muscle and ground beef samples and between serotypes of E.coli 

samples.  Significance was detected at P < 0.05. 
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Results 

 A total of 1,211 samples were analyzed for Campylobacter these samples were 

taken from stores in 20 cities across the U.S. (Table 1.1).  The percent of total positives 

for campylobacter was observed at 9.25% (Figure 1).  The total samples were comprised 

of 979 ground beef samples and 232 whole muscle cuts samples.  Testing indicated that 

7.35% of the ground beef samples were positive (Figure 2).  In whole muscle cuts, 

17.24% were positive (Figure 2).  A chi-square analysis was conducted using the FREQ 

procedure of SAS. Whole muscle cuts had a significantly higher prevalence of 

Campylobacter compared to ground beef (P < 0.01). Samples were also divided into 

packaging types.  Ground beef prevalence within each packaging types are as follows:  

6.72% MAP, 8.91% Chub, and 6.44% PVC (Figure 3).  Using the GLM procedure of the 

SAS no significance was found between microbial presence and fat, moisture, or protein 

(P > .05).  However, GLM did show a tendency toward higher microbial presence and 

higher collagen values (P = 0.09) for Campylobacter (Table 1.3). 

Discussion 

There are currently few published studies that report the prevalence of 

Campylobacter in beef products.  Altekruse et al. (1999) reported that the prevalence of 

Campylobacter in ground beef was 5%.  The rate of Campylobacter that were detected 

in the current study appears to align with previous results, as prevalence was as low as 

1% and as high as 17% , these data appear to validate the reports that have been cited. 
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 Prevalence was observed in both ground beef and whole muscle cuts. Whole 

muscle cut prevalence (17.24%) was greater than in the ground beef (7.35%).  Several 

sources state that Campylobacter is a fragile bacterium (Meng, 2007, Franco and 

Williams 2001, Nachamkin, 2007) that may not be able to survive grinding conditions.  

The potential for oxygen exposure throughout the product would be much higher during 

grinding.  Grinding would allow for a much better disbursement of oxygen within the 

product.   Grinding also increases the surface area of the product allowing for more 

binding of oxygen.  These factors may inhibit growth. 

 A higher percentage (17.24%) of whole muscle cuts tested positive for 

Campylobacter.  All whole muscle cut samples were packaged in PVC packaging, this 

type of packaging is not conducted at the plant level but at the retail level.  These higher 

numbers could be attributed to the possibility of cross contamination occurring when a 

whole primal are being broken down into individual packages for sale.  Future research 

could be conducted expanding to environmental samples as well as ground beef 

samples and whole muscle samples in order to test if this could be a possible cause. 

Numbers reported in this study are much higher than what is currently available 

in the literature this could have to do with differing methodologies used in other studies 

as well as be due to the large sample size and regional scope that was examined in this 

study.  Table 1.2 summarizes the difference between this study and other studies cited 

with in this study.  While Table 1.1 presents the total number of samples and the region 

samples were collected from. 
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 Overall prevalence for Campylobacter in this study are at 9.25% this may indicate 

that current interventions are not controlling Campylobacter contamination in retail 

product.  This has human health implications, Campylobacter spp. has been named one 

of the top five pathogens causing illness, hospitalization, and death (CDC, 2011).  

Evidence in this study could be indicative of why these trends are occurring. 

Conclusion 

 Although there is still much work to be done in order to have a more complete 

understanding of Campylobacter and its role as a food-borne pathogen, these results 

indicated Campylobacter was present in ground and whole muscle beef products as well 

as all packaging types available at the supermarket level.  Further research would allow 

for a greater understanding of where and why contamination is occurring 
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Figure 1.1 Prevalence (%) of Campylobacter for all ground beef samples collected (n =1211). 
(Whole muscle and ground beef samples as well as all packaging types).  

 

Figure 2.1 Prevalence (%) of ground beef vs. whole muscle cuts (n= 979, n=232 
respectively) depicts the comparison of microbial presence observed in ground beef 
samples vs. whole muscle cuts.  The ground beef samples include all packaging types and 
all whole muscle samples were packaged in PVC overwrap. 
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Figure 3.1 Prevalence (%) for ground beef per packaging type (n= 328, n=258, n=620 

respectively) depicts percent positive observed for ground beef within each packaging 

type.  
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Table 1.1 Indicates the cities sampled for Campylobacter, the number of samples for 

each packaging type and the total number of samples per city.  

City   CHUB MAP PVC WPVC 
TOTAL 

Packages 

Baltimore  MD 17 14 17 
 

48 

Boston MA 3 44 32 
 

79 

Buffalo NY 10 11 3 
 

24 

Cincinnati OH 20 
 

37 13 70 

Columbus OH 8 8 20 4 40 

Ft. Lauderdale FL 15 15 20 
 

50 

Houston TX 22 14 12 
 

48 

Indianapolis IN 12 15 24 15 66 

St. Charles MO 20 20 
 

15 55 

New Brunswick NJ   16 41 
 

57 

Orlando  FL 15 12 13 28 68 

Philadelphia PA   19 21 17 57 

Pittsburgh PA 26 27 3 16 72 

Providence RI 3 6 16 
 

25 

Richmond VA 10 14 3 12 39 

Sacramento CA 11 16 21 12 60 

San Francisco CA 24 28 30 12 94 

Santa Monica CA 30 29 32 34 125 

Stanton Island NY   3 14 36 53 

Tampa Bay FL 12 17 29 18 76 

Grand Total   258 328 388 232 1206 
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Table 1.2 Summarizes the methodology used by this study as well as other studies cited.  

 

 

 

 

 

 

 

Study Year 
Sample 

Size Sample Type Enrichment  Species Methodology Prevalence 

Zhao et al. 2001 210 Beef Steaks Bolton Selective broth C. jejuni, C.coli, C. upsaliensis PCR assay 0.05% 

Hannon et al. 2009 142 Ground Beef Bolton Selective broth C. jejuni, C.coli, C. fetus PCR assay 0.001% 

Bosilevac et al. 2006 393 Boneless Beef Trim Bolton Selective broth C. jejuni, C. coli PCR assay 1.30% 

Beach et al. 2002 100 Carcass swabs Bolton Selective broth N/A ELISA 13% 
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TABLE 1.3 Proximate data in relation to microbial prevalence 
for ground beef samples 

Pathogen  Fat Moisture  Protein  Collagen  

Salmonella 
Positive 14.66 36.88 48.55 3.38 
Negative 16.11 32.9 50.91 3.27 

SEMa 6.45 6.16 6.41 0.27 
Campylobacter  

Positive 15.22 33.61 50.53 3.43 
Negative 15.26 31.25 53.95 3.22 

SEMa 4.07 2.66 2.8 0.12 
Non-O157 STEC  

Positive 14.77 39.95 44.9 3.18 
Negative 16.62 33.92 48.84 3.33 

SEMa 1.82 5.44 5.57 0.17 
a Pooled (largest) standard error of least squares means.   
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SALMONELLA PREVALENCE IN GROUND BEEF AND WHOLE MUSCLE BEEF CUTS IN THE UNITED STATES 

Introduction
 

 Salmonella causes 1.4 million cases of foodborne illness, resulting in over 500 

deaths each year.  Salmonellosis is a human infection that is caused by the bacteria 

Salmonella.  The estimated annual cost for Salmonella is 1.2 billion dollars according to 

Medeiros et al. (2001).  Recently the CDC reported the 2011 estimates for foodborne 

illness and identified Salmonella as one of the top five causes of illness, hospitalization, 

and death in the United States annually (CDC, 2011).  Although contamination can occur 

in several food types, ground beef is a common vehicle for transmission (Beach, 2002).   

 The majority of people who are infected with Salmonella develop diarrhea, 

fever, and abdominal cramps.  The onset time of the infection is 12 to 72 hours, and the 

duration of the illness is four to seven days, with most persons recovering from the 

infection without treatment. 

 McEvoy, Sheridan and McDowel (McEvoy, 2003) reported the prevalence of 

Salmonella on beef carcasses in the United Kingdom and found before chilling carcasses 

had a prevalence of 6.5%, while carcasses after chilling had  a prevalence of  7.7%.  A 

prevalence study in the U.S. reported Salmonella on beef carcasses before chilling was 

1.3% (Bacon, 2002).  Zhao et al. (2001) found the prevalence of Salmonella in beef 

products in the greater Washington D.C., area was 1.9% (Zhao, 2001). The USDA 

CHAPTER IV 
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reported that prevalence of Salmonella in ground beef between 2002 and 2008 was 

1.3% (USDA, 2007).  Moreover, the food safety and inspection 

service (FSIS) reported the prevalence of Salmonella in 25 ground beef-producing plants 

was 4.6 % (FSIS, 1999).    

 Although data exists about the prevalence of Salmonella in U.S. it is important to 

continue to update these data in order to have the most accurate depiction of food 

safety issues.  This allows for a better understanding of how microbial contamination 

can be occurring and changing.  This study was conducted to update the U.S. baseline 

for Salmonella prevalence in U.S. retail beef. 

Materials and Methods 

Sample collection 

Sample collection occurred during the months of February through May, 2011.   

Ground beef (n = 2,230 samples) and whole muscle cuts (n = 686 samples) were 

collected from retail outlets across the United States.  Samples were collected from the 

following locations: St. Charles, MO; Kansas City, MO; Cincinnati, OH; Columbus, OH; 

Indianapolis, IN; Baltimore, MD; Boston, MA; Memphis, TN; Las Vegas, NV; Phoenix, AZ; 

Boise, ID; Salt Lake City, UT; Portland, OR; Seattle, WA; Providence, RI; New Brunswick, 

NJ; Stanton Island, NY; Buffalo, NY; Philadelphia, PA; Richmond, VA; Pittsburgh, PA; 

Santa Monica, CA; Sacramento, CA; San Francisco, CA; Tampa Bay, FL; Orlando, FL; 
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Denver, CO; Omaha, NE; Birmingham, AL; Atlanta, GA; Ft. Lauderdale, FL; Oklahoma 

City, OK; Dallas/Fort Worth, TX; Houston, TX; and San Antonio, TX (Table 1).   Texas Tech 

University graduate students and staff members traveled to cities in four different 

regions of the country (East, South, Midwest, West) and purchased approximately 20 

ground beef samples per store, of varying lean/fat composition (96/4, 93/7, 

92/8, 90/10, 85/15, 80/20, 73/27) and four different package types (modified 

atmosphere packaging (MAP), traditional polyvinylchloride film overwrap (PVC), chub, 

and laminate vacuum packaging).  MAP packaging can consist of aerobic and anaerobic 

environments; and was not differentiated in this project.  MAP packages were 

characterized as packaging consisting of rigid plastic trays sealed with a high barrier film 

to maintain a modified environment (different than air) within the package. Chub 

packaging consisted of a polyvinyl bag that was sealed or tied at each end using metal 

clips.  PVC packaging consisted of an expanded polystyrene tray and product over-

wrapped with polyvinyl chloride (PVC) film.  Laminate packaging of two, high barrier 

films laminated together around a meat product after vacuum packaging.  Whole 

muscle cut samples consisted of round (top, bottom, and inside) and strip loin steaks (n 

= 3 per subprimal per store). Samples were labeled and shipped to Texas Tech University 

in insulated coolers. 
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Ground Beef Sampling 

 Each package was aseptically opened using a knife sanitized in 95% ethanol and 

flamed prior to sample collection, and a sterile metal spatula. Ground beef aliquots 

were taken from five locations in the package (four corners and the middle) to 

adequately represent the package. A total of approximately 25 g of sample was placed 

into Whirl pack bags (Nasco Ft. Atkinson, WI) which were sealed. The remaining ground 

beef samples were vacuum packaged and frozen to conduct proximate analysis at a 

later date.  Each 25 g sample of ground beef was placed into 225-mL of buffered 

peptone water (BPW) and homogenized using a stomacher (Seward 400 circulator, West 

Sussex United Kingdom).  One mL of the BPW and meat homogenate was then pipetted 

into 

tryptic soy broth (TSB) enrichment and one mL was pipetted into TSB and glycerol 

enrichment.  Both sets of tubes were incubated at room temperature for 24 h.  One mL 

of the TSB and glycerol enriched samples were then frozen in duplicate for any later 

testing. 

Whole Muscle Sampling 

 Whole muscles samples were placed into 90 mL of buffer peptone water (BPW) 

and rinsed.  Once rinsed, the whole muscle was removed with sterile forceps and one 

mL of the BPW rinse was then pipetted into TSB enrichment and one mL was pipetted 

into TSB and glycerol enrichment.  Both sets of tubes were incubated at room 
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temperature for 24 h.  One mL of the TSB and glycerol enriched samples were then 

frozen in duplicate for any later testing. 

BAX System 

 The Dupont Qualicon BAX system (Wilmington, DE) was used for the detection of 

Salmonella. This is an Association of Official Analytical Chemists (AOAC approved 

method of Polymerase Chain Reaction PCR-based rapid, automated highly sensitive 

method.   The BAX system has also been adopted by the USDA/FSIS as a standard 

method of detection.  The detection limit is 1 CFU/g in a 25 g sample.  Salmonella 

samples were pre-enriched in TSB at room temperature for 24 h. All samples were 

subjected to standard BAX protocols as described in the BAX guidebook for the presence 

of Salmonella. BAX uses real-time PCR in order to detect the presence of Salmonella 

DNA (Dupont, 2010).  

Proximate Analysis 

 Proximate analysis was conducted on (n=1650) ground beef samples using the 

FOSS Foodscan™ with ISISCAN™ in order to document fat, protein, moisture, and 

collagen levels.  

Levels were documented in order to analyze any possible significance between 

microbial presence and any of these compositional factors.   
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Statistical Analysis 

 Percentages were achieved using the frequency procedure of SAS (SAS Int. Inc., 

Cary, NC).  Percentages were created for total samples, individual packaging types, and 

whole muscle cuts and ground beef samples.  Proximate analysis data were also 

analyzed using the GLM procedure of SAS.  Independent variables were presence or 

absence of the three pathogens; dependent variables were fat, protein, moisture, and 

collagen.  Significance was detected at P < 0.05.  Chi-square comparisons were made 

between whole muscle and ground beef samples and between serotypes of E.coli 

samples.  Significance was detected at P < 0.05. 

Results 

 A total of 2,915 samples were analyzed for Salmonella in 32 cities (Table 2.1).  Of 

those samples, 2,229 were ground beef samples and 686 were whole muscle cuts.  Total 

prevalence for Salmonella was 0.65% (Figure 1.).  Prevalence was observed between 

ground beef and whole muscle cuts and percentages for ground beef packages were as 

follows:  0.54% positive.  The percentages for whole muscle cuts are as follows:  1.02% 

positive.  Figure 2 graphically presents the percentages of both the ground beef and 

whole muscle cut samples.  A chi-square analysis was conducted using the FREQ 

procedure of SAS.  Comparisons between whole muscle cuts and ground beef for 

Salmonella were not significant (P > 0.05).  Samples were also divided into smaller 

groups demonstrating positive samples for ground beef packaged in each package type 

the prevalence for each packaging type were; 0.42% MAP, 0.61% Chub, and 0.59% PVC
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(Figure 3).  Using the GLM procedure of the SAS no significance was found between 

microbial presence and fat, moisture, cholesterol, or protein (P > .05) (Table 2.2).   

Discussion 

 The prevalence of Salmonella in ground beef and whole muscle samples appears 

similar.  Whole muscle cuts had a slightly greater prevalence of Salmonella (1.02%) than 

ground beef (0.54%).  Overall Salmonella contamination was very low in all samples.  

The sampling season may have had an effect on this low level. Samples were collected 

for this study between the months of February and March or the spring.  According to 

Naumova et al. (2006) an increases in illness caused by Salmonella spp. or 

Campylobacter jejuni rise during the summer and will decline during the winter, in fact 

in this study they found that Salmonella and Campylobacter have strong seasonal 

patterns and that both bacteria strongly follow ambient temperature curves (Naumova 

et al, 2006).  Barkocy-Gallagher observed a lower prevalence of Salmonella during the 

spring and winter months not only in feces but on hides, pre-evisceration carcasses, and 

post-intervention carcasses as well.  With significant differences found between the 

winter, spring and fall months when compared to the summer for feces.  Significant 

differences were also observed between the winter, spring, summer and fall for hides 

and pre-evisceration carcasses displayed a significant difference between winter and 

spring months compared to summer and fall months (Barkocy-Gallagher et al., 2003).  

This correlation between season and temperatures during seasons and the prevalence 

of Salmonella may have contributed to the lower prevalence that was observed in this
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study.  Replicates of this study could be conducted during different seasons in order to 

address seasonality and it affects on the prevalence data.

 The greatest prevalence for packaging types was found in PVC overwrap 

packaging.  This could be due to the fact that many retailers across the country will do 

their own in house grinding and present that for purchase in PVC overwrap.  This may 

have an impact on the prevalence, as sanitation procedures may be less stringent at the 

retail meat counter when compared to commercial facilities.  PVC packaging is 

permeable and allows oxygen to come into contact with beef products this may have an 

effect on the higher prevalence as well. 

Conclusion 

 Creating a U.S. baseline for Salmonella will allow for better understanding and 

control of this pathogen.  Also creating a baseline will allow the U.S. to anchor itself in 

order to be able to compare to other countries.  This will allow for a better 

understanding of the effectiveness of U.S. food safety interventions within meat packing 

plants.  Based on the results from this study Salmonella is present in ground and whole 

muscle beef products as well as all packaging types available at the retail market level, 

but in very small amounts.  This research indicates that control of Salmonella is 

effective, however, testing for pathogens is an ongoing process and further baselines 

should be conducted to continually test if current interventions are still effective. 
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Figure 1.2 Prevalence (%) of total growth in ground beef and whole muscle cuts 
(n=2,915) depicts the microbial presence that was observed for all samples collected. 
(Whole muscle and ground beef samples as well as all packaging types).  

 

Figure 2.2 Prevalence (%) of ground beef vs. whole muscle cuts (n=2,229, n=686) depicts 
the comparison of microbial presence observed in ground beef samples vs. whole muscle 
cuts.  The ground beef samples include all packaging types and all whole muscle samples 
were packaged in PVC overwrap. 
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Figure 3.2 Prevalence (%) for ground beef per packaging type (n=715, n=655, n=1,535) 
respectively depicts percent positive observed for each packaging type as derivative of its 
own packaging types. 
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TABLE 2.1 Indicates the cities sampled for Salmonella, the number of samples for each 
packaging, and the total number of packages per sampled.  

  

Package Type 
 

City   Chub Map PVC WPVC 
Total 

Packages 

Atlanta GA 17 10 29 18 74 
Baltimore  MD 32 30 24 22 108 
Birmingham  AL 19 14 20 12 65 
Bloomington MN 15 20 20 12 67 
Boise ID 13 10 15 12 50 
Boston MA 3 45 33 36 117 
Buffalo NY 11 13 15   39 
Cincinnati OH 22 

 
38 18 78 

Clackamas OR 12 10 16 24 62 
Columbus OH 10 12 22 18 62 
Dallas TX 49 47 47 42 185 
Denver CO 18 20 24 18 80 
Fort Worth  TX 13 12 20   45 
Ft. Lauderdale FL 20 20 22   62 
Houston TX 32 24 22   78 
Indianapolis IN 16 16 27 18 77 
Kansas City MO 52 36 24 24 136 
Las Vegas NV 7 7 7 12 33 
Memphis TN 19 10 24 30 83 
New Brunswick NJ   18 42   60 
Oklahoma City OK 10 10 10 24 54 
Omaha NE 16 12 12 12 52 
Orlando  FL 16 15 18 30 79 
Phoenix AZ 10 14 10 14 48 
Philadelphia PA   19 21 18 58 
Pittsburgh PA 29 28 3 18 78 
Providence RI 3 6 16 11 36 
Richmond VA 10 15 15 12 52 
Sacramento CA 12 16 21 12 61 
Salt Lake City UT 15 10 14 18 57 
San Antonio TX 24 30 27 28 109 
San Francisco CA 26 36 37 11 110 
Santa Monica CA 30 29 33 36 128 
Seattle WA 35 37 30 24 126 
St. Charles  MO   8 20 17 45 
Stanton Island NY   2 15 41 58 
Tampa Bay FL 14 24 31 20 89 
Chicago IL 25 30 25 24 104 

TOTAL   655 715 849 686 2905 
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TABLE 2.2 Proximate data in relation to microbial prevalence 
for ground beef samples 

Pathogen  Fat Moisture  Protein  Collagen  

Salmonella 
Positive 14.66 36.88 48.55 3.38 
Negative 16.11 32.9 50.91 3.27 

SEMa 6.45 6.16 6.41 0.27 
Campylobacter  

Positive 15.22 33.61 50.53 3.43 
Negative 15.26 31.25 53.95 3.22 

SEMa 4.07 2.66 2.8 0.12 
Non-O157 STEC  

Positive 14.77 39.95 44.9 3.18 
Negative 16.62 33.92 48.84 3.33 

SEMa 1.82 5.44 5.57 0.17 
a Pooled (largest) standard error of least squares means.   
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NON-O157 SHIGA TOXIN-PRODUCING ESCHERICHIA COLI (STEC) PREVALENCE IN GROUND BEEF AND 

WHOLE MUSCLE BEEF CUTS IN THE UNITED STATES 
 

Introduction 

Shiga toxin-producing E. coli or STEC are distinguished by their ability to cause 

bloody diarrhea and further complications that may be life threatening such as 

hemolytic-uremic syndrome (HUS) or thrombotic thrombocytopenic pupura (TTP) 

(Meng, 2007).  One or more Shiga toxins can be produced by an STEC, stx1 and stx2.  

Stx1 is similar to the Shiga toxin produced by Shigella dysenteriae type 1, differing by 

only one amino acid (Grant, 2011).  The second group, stx2, differs from stx1 by showing 

significant genetic and antigenic variability (Grant, 2011).   

The first linking of STEC to human illness in the U.S. was in 1982 when 

hemorrhagic colitis and HUS were traced back to an infection caused by E. coli O157:H7. 

(Meng, 2007).   Shiga toxin-producing E. coli are an emerging cause of gastrointestinal 

illness in humans (Jaeger and Acheson, 2000).  In the past, most research has focused on 

E. coli O157:H7 because of its status as an adulterant for ground beef products.  

However, non-O157 STEC have recently been implicated in recalls and outbreaks, which 

may lead to the potential identification of non-O157 STECs to be labeled by the FSIS as 

adulterants by the Food Safety and Inspection Service (FSIS) (USDA, 2001).

CHAPTER V 
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Over the past twenty years 250 different O serogroups have produced Shiga toxin, 

causing attention to shift towards non-O157 strains as well (Johnson, 2006). Non-O157 

STEC can be challenging because they do not have unique or distinguishable features 

that make them easily differentiated from other strains of E. coli, unlike O157 (Grant).  

Data indicated that non-O157 STEC account for 20% to 50% of STEC infections annually 

in the United States (Johnson, 2006). 

 Symptoms can range widely from less severe, mild diarrhea that may contain 

blood, abdominal cramping, nausea and vomiting, to life-threatening, HUS, according to 

Bugarel et al. 5 to 15% of STEC cases are potentially life-threatening (Bugarel, 2010). 

Since STEC have the ability to produce life threatening complications Senator 

Kirsten Gillibrand (D-NY) proposed legislation for the addition of six non-O157 STEC 

strains to the Federal Meat Inspection Act (FMIA) adulterant list.  In the proposed 

legislation was also a guideline for the definition of E. coli to include all 

“enterohemorrhagic (EHEC) Shiga toxin-producing serotypes of Escherichia coli (E. coli).”  

In addition, the USDA and beef manufacturers would be required to test product for the 

six new strains of E. coli in addition to O157:H7 and dispose of all product testing 

positive (Stevens, 2010). 

This type of legislation could be damaging to the beef industry given that STEC 

are naturally occurring in the intestines of most farm animals.  Worldwide prevalence 

for non-O157 STEC ranges from 4.6 to 55.9% in feedlot cattle and from 4.7 to 44.8% in 

grazing cattle (Hussein, 2006).  Cattle at harvest are found to have prevalence that range 
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from 2.1% to 70.1%, showing that STEC are present in the beef production system and 

exist at widely variable ranges (Hussien,2006).  O157:H7 was not evaluated in this study 

because of its status an adulterant. Positive or presumptive positive that are found must 

be reported and the FSIS will determine need for a recall.  Recalls can involve legal 

action and this can make O157:H7 difficult to test in retail meats.  

Very little is currently known about non-O157:H7 shiga toxin-producing E. coli 

and their impact on food safety.   However, as explained above there is significant 

evidence to support a connection between the presence of these pathogens and 

foodborne illness.  Ruminant animals are known hosts of STEC, Beutin, et al. (2009) 

making beef products at risk for STEC contamination.    

This study has been carried out to identify through microbiological analyses the 

prevalence of non-O157:H7 shiga toxin- producing E. coli (STEC) in U.S. fresh ground 

beef samples collected from U.S. retail markets.  This will ultimately allow for the 

intervention implementation and prevention of food-borne illness from beef products.    

Materials and Methods 

Sample Collection 

Sample collection occurred during the months of February through May.   

Ground beef (n = 252 samples) and whole muscle cuts (n = 73 samples) were collected 

from retail outlets from across the United States.  Texas Tech University graduate 



Texas Tech University, Jessie Vipham, May 2011 
 

65 
 

students and staff members traveled to cities in four different regions of the country 

(East, South, Midwest, West) and purchased approximately 20 ground beef samples per 

store, of varying lean/fat composition (96/4, 93/7, 92/8, 90/10, 85/15, 80/20, 73/27) 

and four different package types (modified atmosphere packaging (MAP), traditional 

polyvinylchloride film overwrap (PVC), chub, and laminate vacuum packaging).  MAP 

packaging can consist of aerobic and anaerobic environments; and was not 

differentiated in this project.  MAP packages were characterized as packaging consisting 

of rigid plastic trays sealed with a high barrier film to maintain a modified environment 

(different than air) within the package. Chub packaging consisted of a polyvinyl bag that 

was sealed or tied at each end using metal clips.  PVC packaging consisted of an 

expanded polystyrene tray and product over-wrapped with polyvinyl chloride (PVC) film.  

Laminate packaging of two, high barrier films laminated together around a meat 

product after vacuum packaging.  Whole muscle cut samples consisted of round (top, 

bottom, and inside) and strip loin steaks (n = 3 per subprimal per store). Samples were 

labeled and shipped to Texas Tech University in insulated coolers. 

Ground Beef Sampling 

 Each package was aseptically opened using a knife sanitized in 95% ethanol and 

flamed prior to sample collection, and a sterile metal spatula. Ground beef aliquots 

were taken from five locations in the package (four corners and the middle) to 

adequately represent the package. A total of approximately 25 g of sample was placed 

into Whirl pack bags (Nasco Ft. Atkinson, WI) which were sealed. The remaining ground 
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beef samples were vacuum packaged and frozen to conduct proximate analysis at a 

later date.    Each 25 g sample of ground beef was placed into 225-mL of buffered 

peptone water (BPW) and homogenized using a stomacher (Seward 400 circulator).  

One mL of the BPW and meat homogenate was the pipetted into a triptic soy broth 

(TSB) and glycerol enrichment.  The tubes were incubated at room temperature for 24 

h.  One mL of the TSB and glycerol enriched samples were then frozen in duplicate for 

testing at a later date. 

 Whole Muscle Sampling 

 Whole muscles samples were placed into 90 mL of buffer peptone water (BPW) 

and rinsed.  Once rinsed, the whole muscle was removed with sterile forceps and one 

mL the BPW rinse was then pipetted into a triptic soy broth (TSB) and glycerol 

enrichment.  The tubes were incubated at room temperature for 24 h.  One mL of the 

TSB and glycerol enriched samples were then frozen in duplicate for testing at a later 

date. 

GeneDisc 

The GeneDisc® Rapid Microbiology System (Port Washington, NY ) is a real time  

PCR system (rtPCR) that allows for rapid detection of non-O157 STEC.  This technology 

allows for concurrent detection of multiple targets.  PCR primers and fluorescence-

labeled probes are added to samples of DNA, which are divided into six chambers on a 

disc.  Each disc can hold six samples for synchronized detection.  All samples were
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subjected to standard GeneDisc protocols as described in the Genedisc guidebook for 

the presence of non-O157 STEC.  Genedisc uses real-time PCR to concurrently detect 

multiple targets.  PCR primers and fluorescence-labeled probes are added to samples of 

DNA, which is divided into six chambers on a disc.  Each disc can hold six samples for 

synchronized detection.   

Proximate Analysis 

 Proximate analysis was conducted on (n=1650) ground beef samples using the 

FOSS Foodscan™ with ISISCAN™ in order to document fat, protein, moisture, and 

collagen levels.  Levels were documented in order to analyze any possible significance 

between microbial presence and any of these compositional factors.   

Statistical Analysis 

 Percentages were achieved using the frequency procedure of SAS (SAS 

Int. Inc., Cary, NC).  Percentages were created for total samples, individual packaging 

types, and whole muscle cuts and ground beef samples.  Proximate analysis data were 

also analyzed using the GLM procedure of SAS.  Independent variables were presence or 

absence of the three pathogens; dependent variables were fat, protein, moisture, and 

collagen.  Significance was detected at P < 0.05.  Chi-square comparisons were made 

between whole muscle and ground beef samples and between serotypes of E.coli 

samples.  Significance was detected at P < 0.05. 
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Results 

 It is important to note that these isolates have not tested positive for 

pathnogenicity.  A total of 317 samples were analyzed for non-O157 STEC, of that total 

252 were ground beef samples and 73 were whole muscle cuts.  The total prevalence 

observed for non-O157 STEC was 5.85% (Figure 1.)  Of the total 317 ground beef 

samples 75 were packaged in MAP, 96 were packaged in PVC packaging, 79 were 

packaged in Chub packaging.  Ground beef within each package type, 6.67% MAP, 

10.13% Chub, and 3.13% PVC tested positive for the presence of STEC as shown in 

Figure 3.  Using the GLM procedure of the SAS no significance was found between 

microbial presence and fat, moisture, cholesterol, or protein (P > .05) (Table 3.1) 

The percentages for ground beef packages were as follows:  6.35% positive.  The 

percentages for whole muscle are as follows:  4.11% positive.  Figure 2 graphically 

presents the percentages of both the ground beef and whole muscle cut samples.   A 

chi-square analysis was conducted using the FREQ procedure of SAS in order to make a 

comparison between ground beef and whole muscle cuts.  Comparisons between whole 

muscle cuts and ground beef for STEC were not significant (P > 0.05). 

Individual sereotypes were broken down and evaluated for prevalence.  

Serotypes evaluated were: O145, O26, O111, O103, O121, O91, O113, and O45 as 

shown in (Figure 5).  The percentage positive was as follows: 2.21% O145, 3.79% O26, 

0.95% O111, and 1.26% O103.  All other serotypes did not test positive.  A chi-square 

analysis was conducted using the FREQ procedure of SAS.  A greater percentage of O26 
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was observed compared to O111 and O103 (P = 0.01 and P = 0.04, respectively); 

however, no other comparisons between putative non-O157 STEC were significant (P > 

0.05).      

Discussion 

 A higher percentage of ground beef samples tested positive for non-O157 STEC’s 

when compared to whole muscle cuts; however, statistical analysis found this to be 

insignificant.  Grinding and mixing processing may play a role in the higher percentage 

being observed.  Grinding sanitation is extremely important for controlling 

contamination because grinding product provides thorough mixing of the pathogen into 

the meat (Roels, 1997).   Ground beef packaged in MAP and chub packaging types had a 

much higher prevalence than PVC (7.04%, 9.88%, and 3.68% respectively).  E.coli is a 

facultative anaerobe, so the reduced oxygen environment found in MAP and chub 

packaging could be more conducive to growth.

Although evaluation of non-O157 STEC is relatively new to food safety data are 

available about the prevalence in U.S. retail beef; however, these studies have not been 

conducted on a large scale in order to construct a baseline for this pathogen.  Hussein 

and Bollinger (2005) found non-O157 STEC to be more prevalent in beef products when 

compared to E. coli O157.  The prevalence ranged from 1.7% to 58.0% in beef samples 

that had been obtained from packing plants (Hussein, 2005).  This data presented a 
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large range of prevalence which makes it difficult to grasp a firm understanding of non-

O157 STEC role as a pathogen in the U.S. retail beef supply. 

Conclusion 

 Further investigation is needed to fully understand non-O157 STEC and their role 

as pathogens.  Results from this study showed that non-O157 STEC were present in all 

beef types as well as all packaging types available at retail.  Extensive research is needed 

to better understand the behaviors and contamination routes of these bacteria.  This 

will allow for educated decision making on implementing appropriate food safety 

regulations in order to control contamination and outbreaks of these bacteria in U.S. 

beef products. 
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Figure 1.3Prevalence (%) for total ground beef and whole muscle cuts (n=317) depicts 
the microbial presence that was observed for all samples collected. (Whole muscle and 
ground beef samples as well as all packaging types).  
 

 

Figure 2.3 Prevalence (%) ground beef vs. whole muscle cuts (n=252, n=73 respectively) 
depicts the comparison of microbial presence observed in ground beef samples vs. whole 
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muscle cuts.  The ground beef samples include all packaging types and all whole muscle 
samples were packaged in PVC overwrap. 
 

 
Figure 3.3 Prevalence (%) for ground beef per packaging type (n= 7, n=81, n=163, n=2 
respectively) depicts percent positive observed for each packaging type as derivative of 
its own packaging types. 
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Figure 4.3. Percent positive depicts the microbial presence of individual sereotyps for 
non-O157 STEC that was observed for all samples collected (n=317). (Whole muscle and 
ground beef samples as well as all packaging types).  
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TABLE 3.1 Proximate data in relation to microbial prevalence 
for ground beef samples 

Pathogen  Fat Moisture  Protein  Collagen  

Salmonella 
Positive 14.66 36.88 48.55 3.38 
Negative 16.11 32.9 50.91 3.27 

SEMa 6.45 6.16 6.41 0.27 
Campylobacter  

Positive 15.22 33.61 50.53 3.43 
Negative 15.26 31.25 53.95 3.22 

SEMa 4.07 2.66 2.8 0.12 
Non-O157 STEC  

Positive 14.77 39.95 44.9 3.18 
Negative 16.62 33.92 48.84 3.33 

SEMa 1.82 5.44 5.57 0.17 
a Pooled (largest) standard error of least squares means.   
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