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Abstract 

 
  Within the last decade, antibiotic resistant bacteria have become a major public health 

concern. A possible major contribution to this problem is thought to be the overuse of antibiotics 

in food animals. An estimated 70% of antibiotics dispensed yearly throughout the United States 

are distributed to the livestock industry as growth promoters, prophylactic, and therapeutic 

treatments, according to the Center for Disease Control and FDA. When food animals are 

exposed to low doses of antibiotics frequently over a long period of time the bacteria are able to 

develop resistance to antibiotics. Livestock harbor foodborne pathogens that are generally 

commensal bacteria in the animals themselves but can cause illness to the people exposed. The 

problem occurs when treatment becomes difficult.  There is some speculation that livestock 

animals are a main contributor to the increase in antibiotic resistant foodborne pathogens. 

Salmonella spp. and Staphylococcus aureus are pathogens that can be isolated from livestock and 

cause serious illness in humans. 

 Objectives of this study include isolating S. aureus and Salmonella from samples 

collected from food animals, investigating the prevalence of antibiotic resistance in the 

confirmed S. aureus and Salmonella isolates from animals raised in various areas of Southern 

New Mexico and Arizona. 

 In this study, samples were collected from various food animals post-harvest at a USDA 

inspected, non-commercial animal harvest facility in Arizona, and evaluated for the presence of 

S. aureus and Salmonella. Samples were collected from 129 animals of the following types: 

Bovine (cow), Caprine (goat), Ovine (sheep), and Porcine (pig). S. aureus and Salmonella were 

isolated from three different types of samples per animal including hide samples, sub iliac and 

mesenteric lymph nodes, and nasal swabs. Each sample was cultured separately in enrichment 

media followed by selective/differential media. Once the pathogen was confirmed via 16s rRNA 

PCR for S. aureus, invA3 PCR for Salmonella, gel electrophoresis, DNA Sequencing, and other 

biochemical tests, an antibiotic susceptibility test was performed to check the resistance 

characteristics of each isolate. The pathogen was exposed to eight different antibiotics- 

Ampicillin, Cefoxitin, Chloramphenicol, Ciprofloxacin, Erythromycin, Streptomycin, 

Sulfamethoxazole/Trimethoprim, and Tetracycline; commonly used among animals and humans 

via the disc diffusion assay. 
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 A total of 59 and 60 of 369 samples were confirmed positive for S. aureus and 

Salmonella, respectively. The animal type that harbored the most Salmonella overall were 

Bovine/cattle and the sample type that harbored the most Salmonella overall were lymph nodes. 

The animal type that harbored the most S. aureus overall were porcine/pigs and the sample type 

that harbored the most S. aureus overall were lymph nodes. 18 out of 129 livestock animals 

sampled in this study were found to carry both Salmonella and S. aureus and were isolated from: 

6-Porcine, 5-Bovine, 5-Caprine, and 2-Ovine. The overall antibiotic resistance prevalence in S. 

aureus and Salmonella were 22.88% and 32.71%, respectively. Antibiotic resistance patterns 

were seen in both S. aureus and Salmonella isolated from all different livestock and sample 

types. Of these S. aureus isolates 43 showed resistance to at least one type of antibiotic, and the 

most resistance was seen to Ampicillin. 53 Salmonella isolates showed resistance to at least one 

type of antibiotic, and the most resistance was seen to Erythromycin. 

 The implications of this study indicate that there are antibiotic resistant Staphylococcus 

aureus and Salmonella found in various food animals and sample types. Most of these 

Salmonella and S. aureus isolates were resistant to multiple antibiotics. Appropriate control 

measures are needed to mitigate the problem of antibiotic resistant bacteria among food animals. 

These control measures could also reduce the spread of resistance from one bacterium to another 

and possibly lessen the antibiotic resistance problem and infections. 
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Literature review 

 

Salmonella enterica 

Introduction 

 Salmonella enterica is a Gram negative, facultative anaerobe belonging to the family 

Enterobacteriaceae. S. enterica is commonly found as a commensal bacterium in the digestive 

tracts of most vertebrates (Ibarra and Steele-Mortimer, 2009).  Salmonella is the number one cause 

of bacterial foodborne illnesses in the world and the number one in the most reported deaths and 

hospitalizations yearly in the United States due to bacterial foodborne illness (CDC, 2015a). 

Salmonella can be found in many types of contaminated foods including meat products, produce, 

and ready to eat foods (Foodsafety.gov, 2016). Salmonellosis is the illness caused by Salmonella 

and can be mild to severe.  

 

Discovery 

 Salmonella was first discovered in Washington D. C. in 1885 by Scientist Theobald 

Smith, who thought this organism was the cause of porcine cholera (Schultz, 2008). Salmonella 

was named after his collaborator Daniel E. Salmon who claimed this bacterium even though he 

was not the original founder FIX THIS (Schultz, 2008). To this day there are more than 2600 

serotypes of Salmonella. The most prevalent serotypes that cause foodborne illnesses are S. 

enterica serovar Typhimurium and S. enterica serovar Enteritidis (Lee et al., 2015).  

 

General characteristics and Culture conditions 

 Salmonella is an asporogenous rod shaped bacterium that can be grown stably in a 

controlled setting (Ibarra & Steele-Mortimer, 2009). Most Enterobacteriaceae, such as 

Salmonella are able to ferment glucose to acid, are oxidase-negative, nitrate reducers, and 

catalase positive (Giannella, 1996).  Most Salmonella have a peritrichous flagellar structure 

which allows motility in the gastrointestinal tract; however, there are several strains of 

Salmonella such as S. typhi  that are non-motile (Breed et al., 1957). Salmonella does not 

produce indole or acetylmethocarbinol (acetoin), but does produce hydrogen sulfide along with 
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nitrates when nitrites are present. Acid and gases can be produced by Salmonella in the presence 

of glucose, mannitol, sorbitol, maltose, and xylose. Salmonella can ferment arabinose, dulcitol, 

tartrates, and mucate (types of salts) (Breed et al., 1957). Salmonella does not process, produce, 

or ferment the following: lactose, sucrose, urea, and malonate (FDA, 2007). Optimal 

temperatures for growth preferred by Salmonella are 37-42˚C ± 2˚C; this is accurate for most 

types of Salmonella (Cox et al., 2015; FDA, 2007). However, some strains depending on the 

environment and availability of  nutrients from food can grow anywhere between 2˚C-54˚C (Cox 

et al., 2015; FDA, 2007). Optimal pH conditions for most Salmonella strains to grow range from 

6.5 to 7.5 (Cox et al., 2015). Pre-Enrichment, selective, and differential media used to grow 

Salmonella are Universal Pre-Enrichment broth (UPB), Tripticase Soy Broth (TSB) and agar 

(TSA), Tetrathionate broth (TTB), Rappaport Vassiliadis (RV) broth, Xylose Lysine 

Deoxycholate agar (XLD), Selenite Cystine (SC) broth, Bismuth Sulfide (BS) agar, and Hektoen 

Enteric (HE) agar (Cox et al., 2015; FDA, 2007). The ideal growth conditions for Salmonella 

would be in a laboratory setting where the best controlled conditions could be met as mentioned 

above (Spector & Kenyon, 2012). However, preferable culture conditions are not provided 

outside of a laboratory setting; so Salmonella spp. have resorted to other ways of survival, such 

as the formation of biofilms. Biofilms allow Salmonella to survive without the aid of a reservoir 

for long periods of time outside a host (Waldner et al., 2012).  

Survival Under Stressful Conditions 

Pili and Fimbriae  

Bacterial pili or fimbriae are known to play an important role in intercommunications between 

pathogenic bacteria and their hosts. S. enterica is known to have a minimum of 15 different 

fimbriae types confirmed via sequencing (Nuccio et al. 2011). It is thought that different fimbriae 

types are essential for colonization of different hosts (Bäumler et al., 1997). Curli are a type of 

resilient thin fimbriae that allow the formation of cell-cell aggregation and adhesive colonies and 

are resistant to bases, boiling, detergents and proteolytic enzymes (Collinson et al., 1993; 

Collinson et al., 1991). Curli are found on the surface of Salmonella and other types of bacteria 

and are thought to be an important evolutionary role for the lifecycle and aiding the survival of S. 

enterica through the harsh conditions of mammalian digestive tract (Collinson et al., 1993, 

1991). 
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 There is a type of curli formed by S. Typhimurium called ‘rdar morphotype’, that led to 

the discovery that the extracellular matrix of the cell surface where the curli are tightly linked is 

composed of cellulose (Römling et al., 1998; Romling et al., 1998; White et al., 2003). A 

combination of factors such as strength of cellulose, resistance to chemicals, and curli is thought 

to be the makeup of the matrix that holds Salmonella cells together (Gibson et al., 2006). 

Amyloid fimbrial structures found in natural biofilms and curli fimbriae are known to be a 

functional amyloid (Collinson et al., 1999; Larsen et al., 2007). Rdar morphotype in Salmonella 

indicates that this is a type of biofilm state that allows Salmonella to be resistant to acids, and 

several types of disinfecting agents/sanitizers including sodium hypochlorite, and hydrogen 

peroxide (Anriany et al., 2001; Scher et al., 2005; Solano et al., 2002; Stocki et al., 2007; White 

et al., 2006). Rdar morphotype cells are able to stick well to abiotic surfaces, and a type of rdar+ 

morphotype isolate was able to survive for over 30 months on plastic (Apel et al., 2009; Austin 

et al., 1998; White et al., 2006). Even after 30 months, the rdar+ cells were still able to retain 

pathogenic properties and cause infection which further supports the ability of  Salmonella for 

long-term environmental survival without a reservoir (Apel et al., 2009). This rdar+ long term 

survival in the environment does not enhance virulence (Solano et al., 2002; A. P. White et al., 

2008). S. Typhimurium rdar+ is able to control and regulate metabolism and stress resistant 

pathways as a strategy to increase chances of survival in various environments (White et al., 

2010). These stress resistant pathways and metabolic changes include up regulation of 

osmoprotection, nutrient acquisition, resistance adaptations, and bi-stable switches (phenotypic 

switching) between cell populations in biofilms (Attar, 2015; Grantcharova et al., 2010; White et 

al., 2010). 

Biofilms 

Biofilm formation is a defense mechanism used by bacteria that allows them to adapt and survive 

under stressful environmental conditions. Salmonella spp. are able to form biofilms on various 

surfaces including food contact surfaces, metals, cement, plastic, and glass (Austin et al., 1998; 

Joseph, Otta et al., 2001; Scher et al., 2005). Biofilms offer protection and resistance to 

Salmonella from sanitizers and chemicals such as chlorine, ionophors, hypochlorite, antibiotics 

and antiseptics (Joseph et al., 2001; P. Gilbert, 2002; Scher et al., 2005). Many microbes that 
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make up a biofilm population include pathogenic bacteria that are in the viable but non-

culturable (VBNC) state that can cause public health concerns (Cerca et al., 2011). 

 

VBNC 

 The VBNC state is another way Salmonella is able to survive stressful conditions. During 

VBNC the metabolic activity in the bacteria is slower than normal (Ramamurthy et al., 2014). 

The VBNC state is thought to be a survival mechanisms for bacteria such as Salmonella to live 

in various unfavorable or harsh conditions (Oliver, 2009; Pinto et al., 2015). Often times VBNC 

Salmonella can only be grown on certain types of non-selective/non-differential media and has to 

be revived several times under favorable conditions to revert back to its regular metabolic state 

(Apel et al., 2009; A P White et al., 2006). The idea of VBNC in Salmonella was first observed 

in river water samples containing S. Enteritidis in 1984 (Roszak et al., 1984). Bacteria are able to 

enter the VBNC state in less than 48 hours of unfavorable conditions and could easily be 

reverted back to normal when nutrients are introduced (Gupte et al., 2003; Reissbrodt et al., 

2002; Reissbrodt et al., 2000). During VBNC, bacterial cells go through metabolic and physical 

changes such as decrease in DNA replication, decrease in cell division, cell leakage or smaller 

cell size, minimal gene expression, and minimal ATP activity (Trevors et al., 2012). Conditions 

that can induce the VBNC state include starvation, chlorination, oxygen stress, pH changes, 

antibiotic pressure,  high or low temperatures, UV light, increased or decreased salinity, nutrient 

limitations, and ecological pressure (Pasquaroli et al., 2013; Patrone et al., 2013; Ramamurthy et 

al., 2014). Denaturation of proteins such as sigma factor RpoS, caused by binding of ClpX a 

hexameric ring ATPase, can also cause fast induction of VBNC state in several serotypes of S. 

enterica (Kusumoto et al., 2012). VBNC cells can be resuscitated with available nutrients/energy 

sources, favorable growth conditions, and carbon and inorganic matter (Ramamurthy et al., 

2014). Environmental Salmonella isolates could be resuscitated in the presence of Tween 20, 

catalase, or sodium pyruvate and still remain virulent in animal models (Morishige et al., 2013; 

Zeng et al., 2013). Fluorescent Live/Dead bacterial viability staining is a method of detecting 

live VBNC cells since often times VBNC cells are difficult to detect and may appear absent 

(Gupte et al., 2003; Waldner et al., 2012). However, Salmonella can be detected via other 

methods in addition to fluorescent live/dead staining. The SELEX technique is another option 
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able to detect VBNC, which involves DNA aptamer-based viability detection, as well as reverse 

transcriptase polymerase chain reaction (RT-PCR) and gel electrophoresis (Gupte et al., 2003; 

Labib et al., 2012; Oliver, 2009). 

 

 Salmonella is able to survive in non-host, reservoir environments. However, animal 

vectors such as rodents and insects are believed to be a main reservoir and the reason that cross 

contamination in Salmonella can occur. Once introduced, Salmonella is able to survive in 

different environments such as food processing facilities and food animal farms (Robert H 

Davies & Breslin, 2003; Winfield & Groisman, 2003). It is thought that Salmonella is introduced 

to food products via raw ingredients and is able to survive in low numbers into the finished 

cooked or processed product and is then able to cause foodborne illness (Finn, Condell, 

McClure, Amézquita, & Fanning, 2013).  

 Salmonella has the ability to persist for long periods of time on surfaces, equipment and 

different types of foods ranging from dry to raw foods even in unfavorable conditions (Finn. et 

al., 2013). Salmonella and other foodborne pathogens are able to survive in a vacuum sealed dry 

food product for over 8 months at room temperature or refrigerated conditions (Kotzekidou, 

1998). Salmonella can survive in ready to eat dry products with a moisture content as low as 8%, 

an example being chocolate in which certain types of Salmonella have been able to survive  for 

up to 15 months (Tamminga, et al., 1977; Werber et al., 2005).  

Salmonella species and classification 

 There are two known species of Salmonella: Salmonella enterica and Salmonella 

bongori, S. enterica is the most common cause of foodborne illnesses and is divided into six 

different subspecies. These subspecies include Salmonella I (enterica), II (salamae), IIIa 

(arizonae), IIIb (diarizonae), IV (houtenae), and VI (indica). These six subspecies are then 

divided into 51 serogroups which are then divided further into 2600 serotypes (Guibourdenche et 

al., 2010). The subspecies I or enterica can be found in warm blooded animals such as humans 

and mammals (Guibourdenche et al., 2010; Waldner et al., 2012). The other five subspecies in 

addition to S. bongori can generally be found in the environment and in cold blooded animals 

such as reptiles (Guibourdenche et al., 2010; Waldner et al., 2012). The Kauffmann-White-Le 

Minor scheme is a common way to identify Salmonella isolates and serotyping to detect different 

strains (Waldner et al., 2012). In Serotyping there are three major antigens these include: H or 
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flagellar antigen, O or lipopolysaccharide antigens, and the Vi capsular polysaccharide antigens 

(Swift et al., 2009). O antigen is the surface component of the cell lipopolysaccharide and is 

composed of a minimum of four sugars. O subunits exist to form the O antigen polymers, 

epitopes inside of O antigens are separated into two groups which are O group antigens and 

ancillary O antigens. They differ between core sugar structure which are the O group antigens 

and additional polysaccharides to support the main O antigen structure (Centre for Disease 

Control and Prevention, 2011). The Vi antigen is not found in all serovars but it is found in 

Salmonella typhi, it is located just below the O antigen layer. H antigen is responsible for the 

bacterial flagellum, which is important in determining how bacteria spread (Giannella, 1996). H 

antigen is composed of flagellum which are formed by protein subunits, the structure and distinct 

features of the flagella are determined by the C’ and N’ terminus along with phases one and two. 

Salmonella is different when compared to other enteric bacteria because they are able to express 

two different H antigens or are considered to be “Biphasic” but can also be “Monophasic”. 

Salmonella typhimurium is able to express two different flagellar antigens (Centre for Disease 

Control and Prevention, 2011). 

Virulence characteristics 

 Salmonella enterica is known to secrete more than 40 types of secretion virulence 

effectors that interact with the host cell and cause pathogenicity (Haraga et al., 2008). These 

virulent secretions work by disrupting the cellular activities in the host during specific times and 

locations. Salmonella is able to control the expression of these effectors during infection 

(Coombes et al., 2005; Mouslim et al., 2004; Miller & Mekalanos, 1990). When Salmonella is 

able to control these virulence effectors the pathogen is able to spread to other host cells and 

cause continuous infection (Yoon et al., 2011). These effector proteins aid in motility of infected 

cells, as well as inflammation responses, modulation of vesicular trafficking, and actin 

rearrangement (McGhie et al., 2009; Worley et al., 2006; Zhou et al., 1999).  

Type III secretion systems 

There are a minimum of seven different types of secretions systems known and these are 

classified from type I (T1SS) to type VI (T6SS) as well as a chaperone-usher (CU) system. Of 

these type III secretion systems (T3SS) are the most important virulence related systems 

Salmonella enterica possesses that are able to secrete the most effectors (Ramos-Morales et al., 
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2012). Secretion systems are transported for operation via two main mechanisms: a two-step 

process where a protein is exported via the inner membrane to the periplasm, then moved across 

the outer membrane; this is most commonly used by the T2SS, T5SS, and CU systems (Ramos-

Morales et al., 2012).  The one step mechanism most commonly used by T1SS, T3SS, T4SS and 

T6SS involves the protein being exported directly from the cytoplasm with no periplasmic 

intermediates where both membranes are crossed in one step (Dalbey & Kuhn, 2012). Effectors 

from T3SSs are transported from the cytoplasm across the bacterial cell membranes via 

flagellum and a needle-like organelle enters the eukaryotic host cell cytoplasm where the 

substrates are transferred. Chaperones usually are present with the T3SS and aid in contributing 

to impose ranking on translocation of effector proteins and prevents degradation of T3SS 

substrates (Büttner, 2012; Ramos-Morales et al., 2012). The two type III secretion systems cause 

virulence by host cell invasion, in intestinal inflammation, intracellular replication, persistence, 

and inflammatory responses when needed during invasion and infection (Galán, 2001). T3SS1 is 

known as dependent entry mechanism which is responsible for host cell invasion and survival, 

actin rearrangement, and inflammatory response (Ibarra & Steele-Mortimer, 2009). T3SS1 can 

translocate a minimum of 15 effectors in to the host cell (McGhie et al., 2009). T3SS2 is required 

for intracellular replication, processing host proteins, virulence plasmid, superoxide dismutase 

which counteracts host cell defenses, and iron acquisition when iron availability is low (Henry et 

al., 2006; Krishnakumar et al., 2007; Kuhle & Hensel, 2002; Matsui et al., 2001).  T1SS is 

responsible for proteins that are located on the surface of Salmonella, responsible for adhesion 

and invasion, which include fimbriae that aid in attachment and colonization to the host cells and 

flagella which aid in motility (Guo et al., 2007; Latasa et al., 2005; Schmitt et al., 2001).  

Signs and Symptoms 

Salmonella generally causes gastrointestinal illness in humans and animals. There are 2600 

serovars of S. enterica, all of which are classified as typhoidal or non-typhoidal (Gal-Mor, Boyle, 

& Grassl, 2014). There are three serotypes of non-typhoidal Salmonella that cause the most cases 

of Salmonellosis in the United States which include – Typhimurium, Enteritidis, and Newport 

(Porwollik et al., 2004). Non-typhoidal Salmonella (NTS) is the most common type of 

salmonellosis worldwide. Salmonella can be found in feces of both humans and animals and is 

transmitted via fecal-oral route (Giese, 2013). There are well known types of animals that are 

asymptomatic carriers of Salmonella spp. in the intestines of certain types of mammals, reptiles, 
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birds, and fish (Cox et al., 2015). Non-typhoidal Salmonella can come from contaminated animal 

based food products such as dairy, meats, and eggs which can act as vehicles to humans causing 

illness (Cox et al., 2015). Contamination generally occurs during the processing and production 

phase of food animals from fecal contaminants, internal contaminants such as contaminated 

tissues and environmental contamination of raw foods (Cox et al., 2015). NTS can also be 

transmitted from human to human, it is also known to be a zoonotic disease, and can be 

transmitted directly or indirectly from animals to humans (CDC, 2015b; Sanchez et al., 2002). 

Some of these Salmonella spp. carrying animals include- reptiles, livestock animals, rodents, and 

pets such as dogs and cats (Gal-Mor et al., 2014). Some serotypes of Salmonella can be found 

specifically in animals where they are better adapted but in rare cases are still able to infect 

humans and generally cause mild symptoms. These can include some of the animal associated 

types of Salmonella such as S. Choleraesuis in swine, S. Abortusovis in ovine, S. Gallinarum in 

poultry, and S. Dublin in bovine (Giese, 2013; Nielsen, 2013; M. P. Stevens, Humphrey, & 

Maskell, 2009). NTS outbreaks are also being seen in contaminated produce such as various 

leafy greens, fruits and other vegetables (Gal-Mor et al., 2014; Berger et al., 2009, 2010; Barton 

Behravesh et al., 2011; Cavallaro et al., 2011; Jackson et al., 2013; Bayer et al., 2014) . NTS is 

associated with the more commonly seen type of Salmonellosis that causes acute gastroenteritis 

which includes- abdominal cramping, diarrhea, nausea, fever, and vomiting. Symptoms can last 

several days to one week (Giannella, 1996, Giese, 2013). The onset of symptoms can appear 12-

72 hours post infection. Most healthy adults are able to recover by rehydrating and occasional 

antibiotics, medical assistance is usually not needed, this may vary depending on the individual 

(Giese, 2013). However elderly people, children, and immunocompromised people who become 

infected with Salmonellosis may need to be hospitalized depending on the severity of the 

infection (CDC, 2015a). Another case when treatment is required is when Salmonella enters the 

bloodstream and causes bacteremia, this is a dangerous complication that can occur from a 

Salmonella infection and can be fatal (Giese, 2013).  Another rare complication of an infection 

caused by Salmonella is reactive arthritis, where symptoms generally appear 18 days post 

infection and present as inflammation of the joints, reproductive or urinary organs, and eyes 

(Clark, 2016). 

Salmonella can also be present asymptomatically in an animal or human, when the individual is 

infected and harboring the bacteria but shows no signs or symptoms of infection. Animals are the 
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most commonly seen asymptomatic carriers, mainly swine and poultry, also other birds, reptiles, 

and rodents (CDC, 2015c; Hernández esther et al., 2010; Lowther et al., 2011). There was a 

recent outbreak in 2015, which involved crested gecko pets that resulted in salmonellosis 

involving 22 illnesses and 3 hospitalizations in 17 states in the US (CDC, 2016d).  S. enteriditis, 

S. Typhimurium, and S. Infantis are the main serotypes that cause zoonosis, are seen in many 

types of animals and contribute to the spread of Salmonellosis to humans and other animals 

(Hald et al., 2004; Hald et al., 2006; Pires et al., 2011). Although mainly asymptomatic, poultry 

and swine can become infected and show clinical signs similar to those of gastroenteritis, but 

without treatment they generally do not recover. During treatment for a Salmonella infection, 

animals can still shed the infectious bacteria via feces for months and appear asymptomatic 

(Nollet et al., 2005). The Salmonella can reside in the animal’s lymph nodes, intestinal tract, and 

be excreted in the feces. Asymptomatic salmonellosis cannot be detected by inspecting the 

animal routinely (Merialdi et al., 2008; Mousing et al., 1997; Nollet et al., 2005). 

Salmonella Pathogenesis  

After ingestion of contaminated food or water and reaching the intestines, Salmonella crosses the 

intestinal mucosa, infects macrophages and is then able to reach the liver and spleen via blood. 

Salmonella moves into a membrane compartment known as a Salmonella- containing vacuole 

(SCV) which is a modified type of phagolysosome niche. Once Salmonella is inside of the host 

cell in the SCV it is able to alter the host cellular functions, survive, colonize, and replicate 

(Haraga et al., 2008). Salmonella can be targeted by gut epithelial cells, white blood cells 

(granulocytes, neutrophils, and monocytes) M cells, dendritic cells, B cells, T cells, and 

macrophages which are all target cells (Garai et al., 2012). These target cells are also target host 

cells that Salmonella are able to infect, where SCVs enter the cell to survive and cause infection 

(Garai et al., 2012). Salmonella is able to survive if it can avoid dendritic cell lysosomes while in 

the SCVs and within macrophages (Fink et al., 2007). Once Salmonella is in the host cell it 

causes illness by producing toxins, and invasion of the epithelial cells resulting in the release of 

cytokines which cause an inflammatory response. The acute inflammation causes diarrhea and 

damages the mucosa and microvilli in the intestines; this allows Salmonella to spread from the 

intestines and cause acute systemic Salmonellosis (Giannella, 1996; Takeuchi & Sprinz, 1967). 
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Typhoidal Salmonella 

In contrast to worldwide Non-typhoidal Salmonella, Typhoidal Salmonella is endemic and 

problematic in developing countries (Gal-Mor et al., 2014).  Typhoidal Salmonella includes 

serovars Paratyphi A, B, or C, Sendai, and Typhi. These are referred to as invasive Salmonella 

and are known to cause bloodstream infections; the illness is known as typhoid fever and does 

not show signs of gastroenteritis (Gal-Mor et al., 2014; Waldner et al., 2012). Complications 

include focal infections which occur as a result of an encounter with typhoidal Salmonella, when 

the bacteria can niche in specific areas of the body and cause illnesses such as endocarditis or 

arthritis (Clark, 2016). Typhoid fever is not as common in the United States and is easily treated 

with antibiotics; however, worldwide it is estimated that typhoid fever is responsible for 21 

million cases and about 200,000 deaths. Salmonella serovar Typhi is responsible for causing the 

most blood stream infections (Crump & Mintz, 2010; Feasey et al., 2012; Waldner et al., 2012). 

Outbreaks caused by Salmonella via non-meats and meats 

 It is estimated that 93.8 million cases of Salmonellosis will occur, 80.3 million of these 

are estimated to be foodborne, along with about 155,000 deaths worldwide annually (Majowicz 

et al., 2010). In the United States in 2009, it is estimated that the overall cost of illnesses from 

Salmonella was about $2.6 billion, and for 2013 the total cost of illness from Salmonella was 

$3.6 billion (UDSA, 2014). It is estimated worldwide that the farmed buffalo population is 181 

million, 1.3 billion cattle, 2 billion small ruminants, and 1 billion pigs are farmed (FDA, 2014). 

The USA is known to be the third-largest pork producer and the number one beef producer in the 

world; all of this processing and consumption of animal products can pose a food safety risk 

(FDA, 2014; Tomley & Shirley, 2009). Animal derived products such as meats, eggs, poultry, 

and dairy are the most common foods that transmit Salmonella due to infected animals or fecal 

contamination during processing (Galbraith, 1961). Over a ten year period from 1998-2008 

Foodborne Disease Outbreak Surveillance Systems (FDOSS) found that Salmonella was 

responsible for a total of 1,491 Outbreaks and more than half were caused by animal derived 

products (Jackson et al., 2013). 

 Of the outbreaks caused by Salmonella, eggs were the type of food that caused the most 

illnesses (28%) followed by poultry (16%), pork meat (9%), beef (8%), fruits (8%), and turkey 

(7%) (Drotman et al, 2016; Jackson et al., 2013). The Salmonella serotype responsible for the 
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most reported illnesses was Enteritidis (Jackson et al., 2013). In 2016, there was a Salmonella 

outbreak traced back to pistachios in California that affected 11 people in 9 different states, no 

deaths were reported but 2 of the 11 infected individuals were hospitalized (CDC, 2016d). A 

large outbreak caused by S. Enteritidis from eggs in Poland affected seven countries in Europe 

which resulted in 112 confirmed illnesses in 2014-2015 (Whitworth, 2016).   In 2016, there was 

a Salmonella outbreak traced back to alfalfa sprouts which resulted in 26 cases in 12 states, no 

deaths, and 8 hospitalizations (CDC, 2016d).  In 2015, the CDC reported a large S. poona 

cucumber outbreak which was linked to imported cucumbers from Mexico. This outbreak caused 

a total of 907 cases, 204 hospitalizations, and 6 deaths  in 40 states making this outbreak one of 

the largest in recent years in the United States (CDC, 2016d; Siegner, 2015). Most recently in 

2016 (CDC, 2016), a Salmonella outbreak occurred from an organic dry meal and shake 

replacement powder. RAW meal organic products were recalled in the US and they were 

responsible for 33 cases of Salmonellosis in 23 states, 6 hospitalizations, and no deaths (CDC, 

2016d). This shows how stable Salmonella is in the environment and various conditions; survival 

is possible in a variety of foods whether it is fresh produce, eggs, or even dried processed food 

products. 

 From 1998-2008, the CDC reported that animal products (food animals) were responsible 

for 2.3 million illnesses, 21, 471 hospitalizations, and 570 deaths caused by bacterial foodborne 

illnesses in the United States (CDC, 2013b).  A Salmonella outbreak in 2015 in Wisconsin 

caused 70 cases of foodborne illness traced back to pork from one grocery store; no deaths were 

reported (Desk, 2015b). There was an outbreak in 2015, where 192 cases and 30 hospitalizations 

were reported from foodborne illness caused by a multidrug-Resistant Salmonella that was traced 

back to pork in the US from 5 states, no deaths were reported (CDC, 2016d). A restaurant in 

North Carolina was responsible for a large Salmonella outbreak from BBQ meats in 2015, 280 

illnesses and one death was reported across 21 North Carolina counties and 6 states (Desk, 

2015a). In 2013, an outbreak caused by Salmonella Typhimurium was traced back to ground 

beef in the US in 6 states which caused 22 cases of illness and 7 hospitalizations (CDC, 2016d). 

Another case of a Salmonella outbreak in 2012 was also linked to ground beef in the US among 

9 states where 46 cases were reported, 12 were hospitalized, and there were no reported deaths; 

however this outbreak was caused by S. Enteritidis. These meats were not consumed raw, they 
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were just not cooked to the proper temperature to inactive Salmonella in addition to improper 

handling techniques that led to contamination prior to cooking. 

Control measures 

 Over the years food safety monitoring and control measures have been developed and 

updated to reduce the number of foodborne illnesses. Control measures vary depending on the 

types of food commodities being produced or processed, however, one simple method that can 

easily be done to reduce contamination involving any type of food is proper hand washing and 

personal hygiene (Todd et al., 2008). Food handlers or personnel are generally one of the main 

sources of contamination when processing foods; they can act as fomites in transporting and 

spreading pathogens and if workers themselves are sick they can spread it to the food 

commodities (Todd et al., 2009). Food handlers should also be educated and properly trained on 

food safety and in good manufacturing practices, this will not only work for Salmonella but also 

other foodborne pathogens (AFIA, 2010; Beuchat et al., 2013). 

  Sanitation and cleaning is another control measure every food processing or production 

plant is currently practicing at minimum on a daily basis. Sanitation, disinfection, and 

sterilization can be achieved via chemical or natural compounds, temperature/heat inactivation, 

UV sterilization, and more which are able to inactivate or decrease microbial population present 

on a surface or equipment (FDA, 2014). Keeping all equipment, surfaces, and facilities sanitized 

and cleaned properly before, during, and after the production of food will minimize the 

prevalence of pathogens like Salmonella (AFIA, 2010; Beuchat et al., 2013). 

 Another control measure commonly practiced in food processing or production facilities 

is pest control to prevent contamination of Salmonella in the food processing environment (Finn 

et al., 2013). Pests such as rodents, wild animals, and insects possess a threat to food processing 

facilities, most of them are vectors for pathogens such as parasites or bacteria. Pests can intrude 

without notice and can contaminate floors, working surfaces, food storage area, and equipment 

via general contact or bodily secretions. Many pests such as rodents, birds, and even flies can 

carry and transmit Salmonella (CDC, 2009). Pest control can be easily managed and even if pests 

are not seen, all food processing or production facilities practice pest control as a measure 

(American Feed Industry Association, 2010).  

 Food Safety Modernization Act (FSMA) was created to ensure that the food supply in the 

U.S. is safe and when necessary focus on response to contamination and prevention (FDA 
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Nutrition, 2016). There are five key areas FSMA is composed of and these include- preventative 

control, inspection and compliance, imported food safety, response, and enhanced partnerships 

(FDA Nutrition, 2016). This act plays a major role in control measures for food safety and 

ensures that the food industry producers are practicing safe food production that meets U.S. 

standards.  A control measure in food production for food safety that is well known is Hazard 

Analysis Critical Control Point (HACCP). This is a management system that can be created for 

various aspects in the food production industry, it addresses food safety by analyzing the control 

of biological, chemical, or physical hazards of sanitation protocols, and proper handling and 

storage of a product from the raw material, to the finished product (FDA Nutrition, 2015). 

HACCP and other similar management systems can help ensure that food commodities are being 

processed, handled, and the finished product is distributed meeting food safety standards. These 

types of systems can help secure that equipment and storage facilities are properly functioning, 

products are properly processed, handled, and stored at proper temperatures (FDA Nutrition, 

2014b). The HACCP system is customized to fit each product or protocol individually to ensure 

optimal food safety outcomes to ensure that the industry and workers are following the protocols 

approved by the FDA (FDA Nutrition, 2016). 

Isolation of Salmonella from food animals. 

 Salmonella enterica subspecies I is known to cause Salmonellosis in humans and can 

even be found in warm-blooded animals, many serovars are host-restricted and are known to 

cause illness only in specific livestock (S. Dublin in cattle) (Nielsen, 2013; M. P. Stevens et al., 

2009). Salmonellosis is not only a foodborne illness but it is also a zoonotic disease, and can be 

transmitted from animals to humans (CDC, 2015c). It is well known that many food animals are 

asymptomatic carriers or reservoirs of Salmonella and can even show symptoms of Salmonella 

illness. One of the first well-established cases of Salmonella isolated from animals was the 

isolation of Salmonella Typhimurium DT104 from cattle (Gay et al., 1999; Poppe et al., 1998). 

Salmonella can be isolated from various samples including feces, cecal contents, hide, liver, 

lymph nodes, carcass swabs and more in food animals including bovine, caprine, porcine, ovine, 

poultry, and others (Hoelzer et al., 2011; Stevens et al., 2009). High incidences of Salmonella 

were found in 206 samples from cattle, goats, camels, and sheep from hide (80.2%, 51.2%, 

67.6%, and 60.2%) and fecal (11.2%, 13.5%, 23.2%, and 18.8%) samples in Saudi Arabia, 

respectively (Bosilevac et al., 2015). In the US , a lower number of  Salmonella positive isolates 
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(10.1%) were recovered from a total of 526 hide and carcass samples isolated from bovine 

(Bacon et al., 2002). In Iceland, samples were collected from feces (0%), tonsils (8%), and 

intestinal/cecal (2%) contents from sheep, An overall low recovery of Salmonella positive 

isolates (1.3%) were found from all ovine in the study (Hjartardóttir et al., 2002). Another 

investigation showed results similar to that of Hjartardóttir et al. (2002) where a low incidence of 

Salmonella was found in fecal (1.45%) samples in sheep in Ontario (Scott et al., 2012).  Igbinosa 

et al. (2014) recovered a high incidence of Salmonella from fecal samples from cattle (55%) and 

goats (45%) in South Africa. Investigators in China collected a total of 2185 cloacal and anal 

swabs from poultry (12.55%), pigs (4.09%), and cattle (25.12%) and recovered a low number of 

Salmonella positive isolates (Kuang et al., 2015). Cai et al. (2016) showed a high recovery of 

Salmonella isolates from lymph nodes (11.1%) and carcass swabs (88.67%) in pigs from China. 

Researchers in Thailand sampled cloacal swabs (4%), fecal samples (5%), lymph nodes (26%), 

and milk samples (0%) from poultry (9.84%), pigs (8.82%), and dairy cows (3%);  the whole 

study recovered an overall  prevalence of 22.23% Salmonella positives (Padungtod & Kaneene, 

2006). Pulecio-Santos et al. (2015) did a study in Colombia where porcine fecal, mesenteric 

lymph nodes, and pig/animal holding areas were sampled and recovered 333 Salmonella positive 

isolates. Many of these studies were done in other countries and the publications on some animal 

and sample types were limited, suggesting that more research in this area would be beneficial to 

food safety. 

 

Staphylococcus aureus 

Introduction  

Staphylococcus aureus is a versatile Gram-positive cocci shaped bacterium that causes various 

illnesses from foodborne intoxication to severe skin infections. Staphylococcus aureus is also 

commonly found on the skin, nasal passages, and throats of healthy animals and humans (Le 

Loir et al., 2003). However, S. aureus is well-known for causing serious hospital-acquired 

(nosocomial) infections and its increasing antimicrobial resistance to many antibiotics. 

Methicillin-Resistant Staphylococcus aureus (MRSA) is a very serious resistant pathogen that  is 

responsible for hospital-acquired infections and is now associated with community-acquired 

infections; both require hospitalization to treat (Edelsberg et al., 2009). Staphylococcus aureus is 
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in the CDCs list of the top five bacteria that cause the most foodborne illnesses, hospitalizations, 

and deaths annually (Scallan et al., 2011a). 

Discovery 

Staphylococcus was first discovered in Scotland in 1880 by a surgeon named Alexander Ogston, 

where Staphylococcus was first recognized in the pus of a surgical abscess. The bacteria from the 

sample was described as a cluster of grapes (Ogston, 1881). Then in 1884, the bacterium was 

differentiated due to the golden color of the colonies as Staphylococcus aureus (aurum is gold in 

Latin) by a German physician Anton Rosenback. In the 1930s the Coagulase test was discovered 

and used in hospitals to identify S. aureus in skin infections (Protomag, 2006). MRSA was first 

detected in 1961 in the United Kingdom and eventually spread worldwide over a decade’s time 

(Jevons, 1961). 

General characteristics and culture conditions 

 Staphylococcus used to belong to the Phylum and class Actinobacteria, family 

Micrococcaceae, but was moved to Phylum: Firmicutes, Class: Baccilli, and Family: 

Staphylococcaceae in 2003 (Breed et al., 1957; NCBI, 2013; Stubert, 2008).  Characteristics of 

this family include Gram-positive cocci, catalase positive, non-endospore producing, 

heterotrophic, and facultative anaerobic to aerobic species (Breed et al., 1957; Memim, 2013). 

Many members of the Staphylococcaceae family are non-motile, spherical in shape, and present 

in single, pairs, chains, clusters, tetrads and are able to divide in to two or three planes (Branson, 

1968; Breed et al., 1957; Farlex, 2012).  Members of this family are free living, saprophytic, 

parasitic, and pathogenic; the anaerobic variety can be found in the environment in areas such as 

soil or water where they are able to decompose organic material (Farlex, 2012). The aerobic 

species are generally found on mucous membranes and skin of vertebrates and can be 

occasionally found in salt water, soils, and foods (Breed et al., 1957; Memim, 2013). Aerobic 

Staphylococcaceae are not known to produce gas, but anaerobic species are able to produce 

gases such as methane, hydrogen, and carbon dioxide and are able to anaerobically ferment 

glucose (Branson, 1968; Breed et al., 1957). Staphylococcus is Non- motile, Gram positive and 

coccoid cells occur singularly, in pairs, tetrads or irregular clusters; in the presence of sodium 

chloride they produce a yellow to orange pigment (Breed et al., 1957). Staphylococcus are 

facultative anaerobes and are able to produce ammonia from arginine, acetoin from glucose, 
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ferment various carbohydrates, and reduce nitrates (Breed et al., 1957). Some species of 

Staphylococcus are able to ferment mannitol, are salt tolerant (7.5-10%), and beta hemolytic; S. 

aureus and S. intermedius are coagulase positive and other types such as S. epidermidis are 

coagulase negative (Breed et al., 1957; Foster, 1996; Newman, 2016). Other characteristics of 

Staphylococcus include catalase positive, oxidase negative, non-spore forming, and are able to 

produce hyaluronidase (Newman, 2016). Staphylococcus can be found in food, skin, nasal 

passages, and mucous membranes of animals and humans ( Foster, 1996). Optimal growth 

conditions for S. aureus include temperatures between 30-37˚C, but are able to survive between 

7˚C to 48˚C, at sodium chloride concentrations from 7.5-15% ; survival pH ranges from 4.2 to 

9.3 and optimal pH from 7 to 7.5, and (Breed et al, 1957; Le Loir et al., 2003; Schmitt et al., 

1990). Media for growing Staphylococcus include: Blood agar, Mannitol Salt agar, Baird Parker 

agar, Luria Bertani agar and broth, Tryptic Soy agar and broth, and DNase agar (Ali et al., 2014; 

Kateete et al., 2010; Newman, 2016; Foster, 1996).  

Staphylococcus species 

            A minimum of 39 species of Staphylococci have been discovered and of these 11 are 

divided into two or more subspecies, these 11 species can be found in humans and mammals as 

pathogens or commensals (Euzeby, 1997; Foster, 1996; NCBI, 2013). Species 

of Staphylococcus can be characterized as coagulase positive Staphylococcus (CPS) or coagulase 

negative Staphylococcus (CoNS); this is determined whether the Staphylococcus species is able 

to produce the enzyme coagulase or not (Becker et al., 2014; EURL, 2014; Foster, 1996). 

Various species of Staphylococcus are able to cause clinical infections in humans and are more 

commonly seen or isolated include: coagulase positive- S. aureus and S. intermedius; coagulase 

negative- S. epidermidis, S. lugdunensis, S. saprophyticus, S. haemolyticus, S. warneri, S. 

hominis, S. caprae, S. simulans, and S. capitis (Barros et al., 2012; Böcher et al., 2009; Kamath 

et al., 1992; Males et al., 1985; Rasigade et al., 2012; Shuttleworth et al., 1997; Foster, 1996; 

Yoshiaki et al., 1998). Currently 47 species and 23 subspecies of Staphylococcus have been 

discovered and described as of 2014 in which 38 of them are coagulase negative and 9 are 

coagulase positive (Lamers et al., 2012).   
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Survival Under Stressful Conditions 

 S. aureus is mainly found on the skin, nasal carriages, and mucous membranes; this is the 

preferred niche for this bacteria. In hospital, community, or livestock settings S. aureus is able to 

spread from person to person, animal to animal, and even animal to human (Skov & Jensen, 

2009; T. Smith, 2015). However, there are times in the lifecycle of S. aureus when a warm 

blooded host is not involved (Smith, 2015; Spoor et al., 2013). S. aureus must be able to survive 

on surfaces, the environment, or food until a preferred host is present (Oie & Kamiya, 1996). 

Research has shown that S. aureus is able to survive in different environmental conditions 

ranging from a minimum of 2-7 days under starvation conditions and over 4 days on stainless 

steel surfaces (Kusumaningrum et al., 2003; Watson et al., 1998). S. aureus is also able to 

survive for long periods of time in different environmental conditions such as 93 days on plastic 

and 318 days on bottle tops (Rountree, 1963; Wagenvoort et al., 2000). One study showed that S. 

aureus was able to survive for 3 years on plastic centrifuge tubes during a desiccation tolerance 

study; within the first 4 days of desiccation, survival decreased but many cells were easily able to 

survive over 7 days (Chaibenjawong & Foster, 2011).  

 Biofilms  help S. aureus become more resistant to antimicrobials, survive in the 

environment, and fight host defenses (Kiedrowski & Horswill, 2011). Requirements for S. 

aureus to form biofilms are excess sugars (example, glucose), a drop in pH, high levels of 

transition metals such as copper, sodium chloride, exposure to antibiotics, and more  (Baker et 

al., 2010; Boles & Horswill, 2008; Møretrø et al., 2003; S Pasquaroli et al., 2013a). Biofilms 

formed by S. aureus not only promote survival in the environment, they are also responsible for 

occurring and reoccurring biofilm infections of patients in nosocomial settings (Paharik & 

Horswill, 2016; Sievert et al., 2013). S. aureus biofilms are also a problem in the food industry, 

studies show that biofilms can form on many surfaces and equipment; and are very difficult to 

remove. Studies show that commonly used food industry sanitizers are not enough to remove all 

bacterial cells from food contact surfaces or equipment (de Souza et al., 2014; Møretrø et al., 

2003). Although S. aureus biofilms are the primary stress survival mechanism, VBNC is another 

way Staphylococcus can survive outside of the host (Zandri et al., 2012). The Viable But Non-

Culturable state is a stress adaptation when cells go into a dormant state where metabolism slows 

down due to stressful conditions such as low nutrients, unfavorable environmental conditions, 

oxygen depletion, changes in pH, and more (Oliver, 2009; Trevors, 2011). A study by Zandri et 
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al. (2012) showed that  S. aureus in biofilms formed  on catheters were in the VBNC state, and 

this was one of the first reported cases of S. aureus entering VBNC. Pasquaroli et al. (2013b) 

showed that S. aureus biofilms exposed to antibiotic pressure were able to induce a VBNC 

response in cells in the biofilm matrix. Another similar study tested low levels of Daptomycin, 

an antibiotic, to a S aureus biofilm which induced a VBNC state in the cells (Pasquaroli et al., 

2014). The importance of the VBNC state for S. aureus is that it allows the pathogen to survive 

longer periods of time outside of the host and can even cause persistent infections in the host or 

on medical devices (Zandri et al., 2012). Once cells are resuscitated by changes in the 

environment and the bacteria are able to regain culturability, virulence and pathogenicity are also 

restored (Oliver, 2009; Pascoe et al., 2014). 

Enterotoxin Survival Conditions 

 Enterotoxins produced by S. aureus are the toxins that cause food poisoning or 

intoxication when consuming contaminated foods (Dinges et al., 2000; Le Loir et al., 2003). The 

enterotoxins are very hardy and cannot be inactivated easily; they are resistant to heat, low pH, 

proteolytic enzymes, and the digestive tract (EURL, 2014; Fung et al., 1973). These enterotoxins 

can be produced under the following conditions: temperature- 10-45˚C, pH- 4.8-9.0, NaCl- 0-

20%, atmosphere- anaerobic or aerobic, and water activity- 0.86->0.99 (Adams, 2008). 

Virulence Characteristics 

 Coagulase positive Staphylococcus generally indicates potential pathogenicity and is able 

to produce a variety of toxins which can cause food poisoning. Certain strains of Staphylococcus 

are able to produce hematoxin, dermatoxins, along with exo- and enterotoxins (enterotoxin type 

B cause lethal hypersensitivity) which are responsible for food poisoning (Breed et al., 1957; 

Dinges et al., 2000). S. aureus is able to produce the following virulence factors that allow 

pathogenicity and survival in the host; invasins that assist bacteria to spread, surface proteins that 

allow growth on host tissues, immunoglobulin binding protein A, and toxins that cause damage 

and disease to the host ( Foster, 1996; Todar, 2012). S. aureus is able to enter the host via broken 

skin (surgical sites or wounds), hair follicles, ingestion of contaminated foods, aerosolization, 

and mucous membranes (Liu, 2009; Todar, 2012).  S. aureus infections can also occur when 

mucosal linings are damaged after viral infections such as influenza (Liu, 2009).     
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 S. aureus expresses laminin and fibronectin which are types of surface proteins that 

promote attachment of S. aureus to host cell proteins, which form an extracellular matrix. An 

additional protein expressed is fibrin/fibrinogen, a clumping factor binding protein that promotes 

attachment to damaged tissues and like fibronectin they are able to attach to blood clots 

(Moreillon et al., 1995; Panizzi et al., 2006). Fibronectin is also present on endothelial and 

epithelial surfaces. S. aureus is able to attach to collagen which helps the bacteria root into 

underlying layers and attach to damaged tissue causing increased virulence and illnesses such as 

osteomyelitis (Foster, 1996; Todar, 2012). S. aureus is able to survive inside or outside of the 

host cell (Liu, 2009). 

Membrane damaging toxins 

 Most strains of S. aureus produce exotoxin and enzymes, these exoproteins are able to 

alter host tissues into nutrients needed for bacterial growth. These enzymes include collagenase, 

lipases, hyaluronidase, nucleases, and proteases. Exotoxins or Cytolytic toxins produced include 

four types - alpha, beta, gamma, and delta hemolysins (Dinges et al., 2000). Alpha toxins are one 

of the most important virulence factors in Staphylococcus known to do the most damage to the 

membrane of susceptible cells in humans (Dinges et al., 2000; Foster, 1996; Hildebrand et al., 

1991). Alpha toxins under control of the accessory gene regulator (agr) are mainly composed of 

beta sheets and only 10% of alpha helical secondary structure (Bhakdi et al., 1984; Dinges et al., 

2000). These cells have receptors for the alpha toxin which allows the toxin to bind to the cells 

surface (Hildebrand et al., 1991). A cylindrical heptamer shaped pore forms on the cell 

membrane, that can penetrate a lipid bilayer; this allows efflux of potassium and influx of 

calcium and sodium ultimately leading to osmotic lysis (Dinges et al., 2000; Foster, 1996; Todar, 

2012). In low doses alpha toxins cause cell leakage and in higher doses alpha toxins cause cell 

lysis (Foster, 2005; Lin & Peterson, 2010). 

 The Beta toxin secreted by S. aureus is also a membrane disrupting toxin, especially 

membranes rich in lipids (Foster, 1996). Beta toxin is a sphingomyelinase and is not commonly 

seen in S. aureus that infects humans; it mainly causes pathogenesis in animals(Dinges et al., 

2000; Foster, 1996). The gamma toxin and leukocidins are two protein toxins that work together 

in a two component system and damage susceptible cell membranes (Foster, 1996). The Panton-

Valentine (PV) leucocidin is one of the extracellular cytotoxins produced by S. aureus (G. Lina 
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et al., 1999). PV leucocidin and gamma hemolysin are secreted separately; however, they work 

together and target neutrophils, macrophages and erythrocytes and are able to cause cell lysis 

(Prevost et al., 1995).  PV leucocidin is thought to be the more distractive of the two and is also 

known to cause inflammation and tissue necrosis (G. Lina et al., 1999; Prevost et al., 1993; 

Siqueira et al., 1997). The delta hemolysin a toxin produced by most strains of S. aureus consists 

of 26 amino acid peptide (Dinges et al., 2000; T. Foster, 1996). Delta toxin disrupts the cell 

membrane by acting as a surfactant which causes lysis in the target cells such as erythrocytes in 

mammals (Freer & Birkbeck, 1982; Thelestam & Möllby, 1975).  

 Another virulence factor of Staphylococcus is an extracellular protein, coagulase which 

aids in converting fibrinogen to fibrin. It does this by binding to prothrombin in the host forming 

a staphylothrombin complex; there is protease activity which activates thrombin and causes this 

conversion; and fibrin is essential for binding and clotting (Powers et al., 2014; Todar, 2012). 

The fibrin clots promote clumping factor protein mediated agglutination in Staphylococcus 

which is important for survival (Bjerketorp et al., 2004; Panizzi et al., 2006). Staphylokinase is a 

plasminogen activator that dissolves fibrin clots and forms plasmin which can aid in the spread 

of the bacteria (Bokarewa, Jin, & Tarkowski, 2006; Peetermans et al., 2014). Other extracellular 

enzymes such as deoxyribonuclease, lipase, fatty acid modifying enzyme, and proteases are able 

to provide nutrients and aid in survival of S. aureus in the host (Dinges et al., 2000; Todar, 

2012). 

Evading the host immune system 

 S. aureus is able to avoid the host immune system in several different ways including by 

expression of a capsular polysaccharide, Protein A, and Leukocidins. Capsular polysaccharides 

help reduce phagocytosis by neutrophils, and enhance bacterial colonization and persistence on 

mucosal surfaces (O’Riordan & Lee, 2004; Rita Costa et al., 2013).  Protein A is a surface 

protein that has multifunctional purposes; the main one is immune evasion, in which surface 

Protein A (SpA) is able to bind to a specific portion of IgG and coat itself in IgG and decreases 

its’ chances of detection by neutrophils evading phagocytosis (T. J. Foster, 2005; Lindmark, 

Thorén-Tolling, & Sjöquist, 1983). SpA is also capable of causing an inflammatory response as 

well reducing B cells in the host by binding to immunoglobulins on B cell receptors, causing 

clonal expansion which leads to apoptosis ultimately decreasing immune responses (Goodyear & 
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Silverman, 2003). Leukocidins are able to evade the host immune response by producing an 

alpha toxin that lyses leukocytes, which are responsible for phagocytation of foreign material 

such as bacteria (Joubert et al., 2007; R. Wang et al., 2007).  

 Superantigens are a group of immune-stimulatory proteins that are very strong and when 

secreted by S. aureus are capable of  causing various human illnesses (Rita Costa et al., 2013). 

Examples include Toxic Shock Syndrome Toxin (TSST-1) and six major enterotoxins (SEA, 

SEB, SECn, SED, SEE, and SEH) which are classified as pyrogenic toxin superantigens 

(PTSAga), and exfoliative toxins (ETA and ETB) (Dinges et al., 2000; Crossley et al., 2009). 

The enterotoxins are a major cause of food poisoning and cause vomiting and diarrhea when 

ingested, however, other PTSAgas can also cause serious life-threatening illnesses (Crossley et 

al., 2009). PTSAgs are superantigens because they are able to stimulate T lymphocyte and T   

cell proliferation without antigenic specificity and with these high levels of T lymphocyte 

proliferation, a large number of cytokines and chemokines are released (Argudín et al., 2010; 

Crossley et al., 2009). The massive release of cytokines causes chaos in the host and leads to the 

development of toxic shock syndromes, hypotension, and other related illnesses (Dinges et al., 

2000; Crossley et al., 2009).  Superantigens mentioned above can also cause direct effects on the 

endothelial cells, endotoxin spillover, block the liver clearance function, and capillary leakage 

(Crossley et al., 2009).  

Pathogenicity 

 The S. aureus enterotoxins are known to cause emetic pathogenicity, and when 

consumed, induce vomiting in addition to superantigen properties; but the superantigenicity is 

unknown to play a role in gastrointestinal illness (Lina et al., 2004; Adams, 2008). The idea is 

that superantigenicity and enterotoxicity work together by the enterotoxin entering the 

bloodstream via transcytosis (Hamad et al., 1997). Once the enterotoxin is in the bloodstream 

circulating in the body, interaction with T-cells and antigen presenting cells occur causing 

superantigenicity (Hamad et al., 1997). 

 Once ingested the toxin is able to penetrate the gut lining, attach to receptors in the gut, 

and stimulate the Vagus nerve and sympathetic nerves which induce vomiting (Adams, 2008; 

Dinges et al., 2000; Sugiyama & Hayama, 1965). In addition to emesis, the inflammatory 

mediators such as neuroenteric peptide substance P, leukotrienes, and histamine are released 

which also cause vomiting (Alber et al., 1989; Jett et al., 1990). The majority of inflammation 
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and lesions occur in the stomach and the upper part of the small intestines which is likely caused 

by the toxins and the local immune system response to the toxins (Kent, 1966). Enterotoxins 

from S. aureus can also cause diarrhea likely due to the damage and inflammation in the small 

intestines causing a decrease in water and electrolyte absorption (Sheahan et al., 1970; Sullivan, 

1969).  

Signs and Symptoms 

 S. aureus is both a foodborne pathogen and a general pathogen that causes many severe 

and minor problems in people. Staphylococcus is commonly found on 20% of skin and 30% of 

nasal passages of healthy humans, and can also be found on animals, but it is also pathogenic to 

both humans and animals  (Bush, 2016). According to The Nationwide Inpatient Sample 

Healthcare Cost and Utilization Project (NIS, HCUP), in 2009 in the United States it is estimated 

that S. aureus infections cause about 700,000 hospitalizations (Klein et al., 2007; NIS HCUP 

Database, 2016). It is estimated by the CDC, that S. aureus is responsible for about 241,000 

illnesses in the United States annually (Scallan et al., 2011a). S. aureus is zoonotic and animals 

such as cattle, goat, and various types of livestock can act as a reservoirs, which can carry 

Staphylococcus on their udders causing mastitis (Fitzgerald et al., 2001; Smith, 2015).  This is a 

food safety concern in regards to dairy products contaminated with Staphylococcus from an 

animal source. Aside from mastitis and other illnesses in food animals, S. aureus is known to 

cause various community-acquired and nosocomial infections of the skin and soft tissue 

infections such as abscesses, cellulitis, impetigo, furuncles, and other types of skin infections in 

humans (Le Loir et al., 2003; Tong et al., 2015). S. aureus can also cause more serious ailments 

such as bacteremia, toxic shock syndrome, pneumonia, endocarditis, osteoarticular infections, 

and more (Bush, 2016; Eisenstein, 2008; Tong et al., 2015). S. aureus can be transmitted via the 

environment (air, water, and soil), surfaces, human-animal contact, human-human contact, and 

contaminated foods (Bush, 2016; Smith, 2015; Spoor et al., 2013; de Souza et al., 2014). S. 

aureus can contaminate foods primarily by human cross-contamination or food handlers, 

contaminated equipment, contaminated surfaces, and improper temperature storage of foods 

(Adams, 2008; EURL, 2014). Staphylococcus is a leading cause of food poisoning; when the 

bacteria comes in contact with food it produces an enterotoxin that when consumed, causes a 

rapid onset of vomiting, diarrhea, nausea, and cramping (Le Loir et al., 2003; Adams, 2008).  

Symptoms of food poisoning from S. aureus can occur within 30 minutes to 8 hours of ingestion 
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of food contaminated with toxins, and symptoms generally last for 24-48 hours (Adams, 2008; 

Le Loir et al., 2003). Severity of intoxication depends on how much enterotoxin was ingested, 

intoxication can be caused by very low doses of toxin less than 1 microgram or 20-100 

nanograms, and the toxins are small in size (26-30 kDa) (Adams, 2008; Asao et al., 2003; EURL, 

2014). If the actual S. aureus bacteria are consumed they are unable to produce additional toxins 

in the body (Schelin et al., 2011). The Staphylococcal bacteria can be inactivated by heating at 

60˚C-72˚C for up to 10 min or storing food products below 4˚C, but the toxin produced is heat 

resistant and maybe inactivated when exposed to extreme heat-treatment (European Union 

Reference Laboratory, 2014; Fung et al., 1973). 

Foods commonly associated with the S. aureus enterotoxin poisoning include meat products such 

as sliced deli meats, ham, poultry products, corned beef, sausage products, red meat, and 

occasionally seafood products (Adams, 2008; EURL, 2014; Genigeorgis, 1989; Le Loir et al., 

2003). Reasons these foods are more likely to cause food poisoning is due to frequent handling 

such as cutting deli meats, temperatures they are stored at, and salinity content.  S. aureus can 

easily survive in these conditions that may inhibit the growth of other bacteria present. 

Additional food types that have been associated with S. aureus poisoning include processed dairy 

products such as cheeses, butter, milk, cream, pastries with cream, and chocolate milk (Adams, 

2008; EURL, 2014; Evenson et al., 1988; Le Loir et al., 2003). Reasons dairy products can cause 

S. aureus foodborne intoxication could be due to these products being handled often (EURL, 

2014; Schelin et al., 2011). Skin contact from workers during the cheese making process can 

introduce S. aureus to the product, the temperature changes involved in making cheese can allow 

S. aureus to produce heat resistant toxins which cause foodborne intoxication (EURL, 2014; 

Jakobsen et al., 2011; Schelin et al., 2011). S. aureus can be present on these foods when they are 

handled and when they are reheated or exposed to temperature fluctuations at optimum 

temperature of growth for the bacteria, production of toxins can occur (European Union 

Reference Laboratory, 2014). S. aureus toxins are also able to persist in low moisture and dried 

products such as powdered milk, pastas, dried fish, rice balls, and produce. S. aureus is able to 

survive dried conditions due to the temperatures they are processed and stored at along with 

frequent handling (Adams, 2008; Asao et al., 2003; EURL, 2014; Le Loir et al., 2003). 
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Outbreaks and meat vs non-meat outbreaks 

 S. aureus has caused an overall incidence of 19,199 foodborne outbreaks which were 

responsible for a total of 373,531 illnesses, 14,681 hospitalizations, and 337 deaths in the United 

States alone (CDC, 2016c). In the US and over a 8 year period (2000-2008) S. aureus was 

responsible for an estimated 241,000 acquired foodborne illnesses, 1,064 hospitalizations and 6 

deaths (Scallan et al., 2011b). In 2014 S. aureus was responsible for causing 17 foodborne 

outbreaks, 566 illnesses, and 10 hospitalizations (CDC, 2014). It is estimated in the United States 

that the top 7 foodborne pathogens (S. aureus is 6th) will cost about $6.5-$34.9 billion dollars 

annually, and many of these pathogens are found in animal products (Buzby & Roberts, 1997). It 

is estimated that 1.3 billion cattle, 2 billion small ruminants, and 1 billion pigs are farmed 

worldwide, and the buffalo population is 181 million (FDA, 2014). The USA is known to be the 

third-largest pork producer and the number one beef producer in the world; a break in the 

processing chain and the possible occurrence of cross-contamination could cause a chance of 

foodborne illnesses from the consumption of animal products which can pose a food safety risk 

(Behravesh et al, 2012; FDA, 2014; Tomley & Shirley, 2009).  

 

 S. aureus has been known to cause foodborne outbreaks in various types of food such as 

dairy products including cheese, milk, cream filled pastries, meat products, poultry products, 

various types of salads, and more (FDA, 2012). In 2010, a S. aureus outbreak occurred in Illinois 

from a bakery that catered holiday parties, the S. aureus enterotoxin was isolated from the cake 

toppings which caused 100 cases of illnesses. An additional event catered by the same bakery in 

Wisconsin caused 70 reported illnesses from Staphylococcus intoxication (Flynn, 2011). Another 

S. aureus foodborne outbreak was caused in Salt Lake City in 2015, which occurred at a 

homeless shelter dining hall, and there were a total of 55 cases (Marler, 2015). S. aureus 

enterotoxin caused a foodborne outbreak in the Philippines in 2015 in which there were 2000 

cases of intoxication  and of these 66 people were hospitalized; this outbreak was traced back to 

contaminated fruit candy (Desk, 2015d).  In 2015, Staphylococcus enterotoxin caused an 

outbreak at a wedding reception in New York; a food catering company led to a total of 35 

illnesses and 9 of the 35 were hospitalized; however, the food source was not mentioned (Desk, 

2015e). A S. aureus food poisoning outbreak occurred in a Switzerland boarding school in 2014; 

the outbreak caused 14 cases primarily in children and only affected 4 staff members; the 
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intoxication was traced back to cheese made from unpasteurized milk (Johler et al., 2015). 

Another dairy related S. aureus intoxication outbreak occurred in Germany in 2013 in which ice 

cream containing the staphylococcal enterotoxin caused 13 cases (Fetsch et al., 2014). 

 Over a ten year period, the CDC reported that animal products (terrestrial) were 

responsible for 2.3 million illnesses, 21, 471 hospitalizations, and 570 deaths caused by bacterial 

foodborne illnesses in the United States alone (CDC, 2013b). S. aureus was associated with two 

foodborne outbreaks involving turkey which caused a total of 184 cases of foodborne 

intoxication and 8 hospitalizations in 2014 in the US (CDC, 2014). In 2012, a Staphylococcus 

foodborne outbreak occurred in the United states during a military unit lunch party; a total of 35 

cases occurred and 13 of them were hospitalized; the S. aureus enterotoxin A was isolated from a 

“perlo” dish which contained chicken, sausage, and rice (CDC, 2012). In 2014, a Staphylococcal 

food poisoning outbreak caused 31 reported hospitalizations in Luxembourg, Germany at an 

equine sporting event, the toxins were isolated from cured ham and mushrooms (Mossong et al., 

2015). A recent outbreak caused by Staphylococcus foodborne intoxication occurred in Florida 

in 2016, in which there were a total of 29 cases involving preschool children and 21 of the 29 

children were hospitalized. The outbreak was linked to cooked hamburgers that were not stored 

at the proper holding temperature (Desk, 2016).  In 2015, a food source Staphylococcus 

enterotoxin outbreak affected 86 children and 30 were hospitalized. The outbreak occurred at a 

children’s daycare in Alabama, the exact food source was not released, but the food served on 

the day of the outbreak included chicken and pasta, beans, bologna sandwiches, and fruit (Desk, 

2015c). S. aureus enterotoxins can be found on various types of cooked foods, predominantly 

animal-based products (Isigidi et al., 1992; Palá & Sevilla, 2004). S. aureus enterotoxins cause 

serious problems when ingested with contaminated foods especially in children, elderly, and 

immunocompromised individuals as seen in the previous outbreaks  (Argudín et al., 2010; 

Murray, 2005; Scallan et al., 2011b).  

Control measures 

 S. aureus is a serious pathogen, and over the years improvements have been made in 

regards of strengthening and improving the practice of food safety. Monitoring and control 

measures have been put in place and are frequently being updated when possible to prevent or 

decrease the occurrence of foodborne illnesses. Since human contact with foods are one of the 

main sources of S. aureus contamination of foods, ultimately leading to foodborne illness or 
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intoxication, Good Hygiene Practices (GHPs) are one of the most important control measures 

(FDA, 2012; Kadariya et al., 2014). Food handlers can contaminate food with S. aureus because 

the bacteria is present on skin, nasal passages, hair, and throat of healthy animals and 

individuals, and contamination can easily occur by direct contact of food with skin, coughing or 

sneezing, or workers who associate with sick individuals (FDA, 2012). GHPs include wearing 

gloves, masks, and hair nets when handling or processing food products as well as good personal 

hygiene and proper hand washing frequently (Lammerding et al., 1997; Syne et al., 2013).  

 Other control measures that are currently being practiced to prevent S. aureus and other 

foodborne pathogens include Good Management Practices (GMPs). GMPs were created by the 

FDA and ensure that methods, equipment, facilities and controls for producing and processing 

foods are done properly (FDA Nutrition, 2014a). Another important measure of control is 

Hazard Analysis and Critical Control Points (HACCP) which is another type of management 

system that helps ensure that food commodities are being processed, handled, and the finished 

product is distributed, meeting food safety standards. These types of systems can help secure that 

equipment and storage facilities are properly functioning, products are properly processed, 

handled, and stored at proper temperatures (FDA Nutrition, 2014b; Lammerding et al., 1997). 

The HACCP system is customized to fit each product or protocol individually to ensure optimal 

food safety outcomes to ensure that the industry and workers are following the protocols 

approved by the FDA (FDA Nutrition, 2016). GMPs, GHPs, and HACCP are all guidelines for 

processing and handling foods to reduce the numbers of foodborne illnesses which were 

established by World Health Organization and the United States Food and Drug Administration 

(Lammerding et al., 1997).   

 Equipment and environment can also be a source of S. aureus (FDA, 2012). Under the 

guidelines mentioned above, adequate cleaning and sanitation of food contact surface areas, 

equipment, floors, walls, storage areas, ceilings, and food processing facilities are important 

control measures in reducing contamination (Lammerding et al., 1997; Weese et al., 2010; 

Nutrition FDA, 2009). The enterotoxins cannot be inactivated using heat, sanitizers, or cleaning 

procedures (EURL, 2014; Fung et al., 1973; Pinchuk et al., 2010). However, S. aureus can be 

inactivated from surfaces if cleaning and sanitation protocols are done on a daily basis before 

and after processing or handling foods (EURL, 2014; Fung et al., 1973; Pinchuk et al., 2010). A 

very small amount of S. aureus cells need to be present on a surface or in contact with food to 
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cause foodborne illnesses (Argudín et al., 2010; Schelin et al., 2011). Along with cleaning 

protocols, temperature control protocols are a crucial control measure in preventing the growth 

of S. aureus and production of toxins (Bean et al., 1996). Range of temperatures for growth of S. 

aureus and production of enterotoxins are between 7˚C-48˚C; if foods are stored between these 

temperatures, there is a potential for foodborne illness to occur (Adams, 2008). It is important 

that food processing facilities frequently check the temperatures of food storage refrigerators and 

freezers (FDA, 2012; Kadariya et al., 2014; Nutrition FDA, 2009). Another control measure 

includes monitoring and detection of foodborne pathogens by sampling food products, 

equipment, food contact surfaces, and other areas in food processing facilities. These control 

measures can help ensure that minimum to no contamination is present in food that could 

potentially cause an outbreak (EURL, 2014; Nutrition FDA, 2009). 

Isolation of Staphylococcus from food animals. 

 S.s aureus is known as a commensal bacterium on skin and upper airways of healthy 

humans and animals and can also be an opportunistic pathogen in both humans and animals 

causing foodborne illnesses, skin infections, and more serious problems (Crossley et al., 2009; 

Smith, 2015; Adams, 2008; Plata et al., 2009). Food animals are known to act as reservoirs for S. 

aureus and MRSA where many strains that affect humans are similar or identical to ones isolated 

from livestock (Spoor et al., 2013). Studies show there is a potential for food animals to cause S. 

aureus contamination on meat products and cause foodborne illness in humans, but further 

investigation is needed (Kadariya et al., 2014; T. Smith, 2015). Researchers in Africa recovered 

28 S. aureus positive isolates from pig nasal swabs out of a total of 150 animal samples 

(Adegoke & Okoh, 2014). Investigators were able to isolate S. aureus from nasal swabs of cattle 

(4), sheep (11), and goats (11) in Iran from a total 201 samples (Rahimi et al, 2015). In Taiwan, a 

total of 555 samples from dairy goats were collected and 22 S. aureus positive isolates were 

recovered from various areas of the goat (Chu et al., 2012). A similar study was performed in 

Denmark where a total of 196 nasal/oral swabs were collected from sheep (179) and goat (17); a 

total of 74 sheep and 11 goat S. aureus isolates were recovered (Eriksson et al., 2013). A study 

done by Huber et al. (2009) took place in Switzerland where a total of 800 pigs and 700 cattle 

nasal swabs were sampled and a low recovery of 10 pig and 4 cattle S. aureus positive isolates 

were reported. In China researchers sampled lymph nodes from 60 pigs post-harvest and showed 

a high recovery of 40 S. aureus positive isolates (Jian-jun, 2008).  In India a total of 167 dairy 
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cattle with clinical symptoms of mastitis were sampled, and 39 isolates of S. aureus were 

recovered from the milk samples (Hiral Mistry et al., 2016). In contrast, Kumar et al. (2011) 

recovered a high incidence (107) of S. aureus from 195 mastitic dairy cattle in India. 

Investigators in South Africa also recovered high incidence of 50 S. aureus isolates from a total 

of 176 carcass swabs from cattle and pigs combined (Tanih et al., 2015). Most of these studies 

were done in different countries and the prevalence of S. aureus varied; however, these studies 

showed that S. aureus can be isolated from animals post-harvest from different parts of the 

animals. Tanih et al. (2015) showed that S. aureus was present on porcine and bovine carcasses 

which could introduce foodborne intoxication if the conditions are appropriate for S. aureus.  

Antibiotic Resistance 

Why is antibiotic resistance a problem? 

 According to the CDC and National Antimicrobial Resistance Monitoring System 

(NARMS), antibiotic resistance is one of the most significant public health concerns Worldwide. 

In the United States alone antibiotic resistant infections are responsible for 2 million illnesses in 

people and 23,000 deaths (CDC, 2015d). Antibiotic resistance is the ability of bacteria to survive 

or grow in the presence of an antibiotic from continuous exposure or low doses of antibiotics 

(CDC, 2015d; CDC NARMS, 2016). Antibiotics were first discovered in 1928, and since then 

these drugs designed to treat bacterial infections have saved countless lives over many decades 

(J. Davies & Davies, 2010). However, over the years overuse, overproduction, and misuse of 

antibiotics has caused bacteria to become unaffected by these bactericidal and bacteriostatic 

agents (J. Davies & Davies, 2010; Roca et al., 2015). The majority of these resistant bacteria are 

pathogens that cause various infections and illnesses which become problematic and life 

threatening when treating resistant infections, since many of these pathogens are resistant to 

multiple antibiotics (J. Davies & Davies, 2010). Another problem is the limited availability of 

new antibiotics, due to the lack of availability of funding and research for antibiotics (Bartlett et 

al., 2013; Piddock et al., 2012; Ventola, 2015). Another economic issue being the cost to 

manufacture a new antibiotic and the chance of pathogens eventually developing resistance to 

the new antibiotics; many pathogens develop resistance to many classes of antibiotics and for 

this reason many pharmaceutical companies have moved their focus from antibiotics to other 

medications (Bartlett et al., 2013; Piddock et al., 2012). Due to the reduction of pharmaceutical 
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companies manufacturing antibiotics, there are not an abundance of new antibiotics being 

discovered or designed, just the production of antibiotics already available (Gould & Bal, 2013; 

Ventola, 2015). Antibiotic resistance has increased over the last decade where last resort 

antibiotics such as colistin and carbapenems are no longer effective against certain pathogens, or 

multidrug resistant “Superbugs” (CDC, 2016b; Wessel, 2016). 

Why antibiotic resistance is considered a problem in foodborne pathogens and 

livestock and how they become resistant. 

 Foodborne pathogens are also showing an increase in antibiotic resistance and there is a 

possibility that livestock or food animals are contributing to this problem. In the production 

industry, livestock are often times given antibiotics as prophylactic treatments for infection and 

growth promoters to get the food animals to market weight in a shorter time (Bartlett et al., 2013; 

CDC, 2016a; Roca et al., 2015). This causes resistant bacteria to develop in the gut or intestines 

of food animals and spread to the environment via animal feces, spread to produce via 

contaminated water or soil, animal products, and can contaminate food contact surfaces (CDC 

NARMS, 2016). This is a problem because besides the additional development of antibiotic 

resistant bacteria, foodborne pathogens are able to develop additional resistance to antibiotics in 

livestock (Swartz, 2002). These resistant foodborne pathogens that infect people have been 

traced to animal origin (Swartz, 2002). Although this link is not 100% confirmed, research 

suggests that this is possible (Smith, 2015; Spoor et al., 2013; Swartz, 2002). For example, 

studies done in Iowa and South Dakota showed that antibiotic resistant S.s aureus was isolated 

from various meat samples from retail stores and of these positives some isolates matched those 

found in livestock (Buyukcangaz et al., 2013; Hanson et al., 2011). Another example is 

Multidrug resistant Salmonella Typhimurium DT104 that was originally isolated from cattle in 

England before it was a known pathogen in humans (Akkina et al., 1999). Antibiotic resistant 

Salmonella foodborne illnesses in humans caused by meat products were matched to isolates 

recovered from livestock in the same area of the outbreak (Alcaine et al., 2005; Spika et al., 

1987). Both S. aureus and Salmonella enterica are major foodborne pathogens of concern with 

an increasing pattern of antibiotic resistance over time, and this is recognized as a serious health 

hazard worldwide especially since there is the potential for zoonotic as well as foodborne 

transfer for both pathogens (Adegoke & Okoh, 2014; Bouchrif et al., 2009; CDC, 2016b). The 

prevalence of antibiotic resistance can be reduced by limiting the amount and type of antibiotics 
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administered to food animals and only using antibiotics when livestock show illnesses of 

bacterial origin (Liebana et al., 2013; Roca et al., 2015; Ventola, 2015). 

Mechanisms of Antibiotic Resistance 

 After frequent exposure to antibiotics, bacteria are able to change and develop resistance 

to a variety of antibiotics over a period of time using different mechanisms of action allowing the 

bacteria to survive (CDC, 2015b; Hawkey, 1998). Bacteria use four different biochemical 

mechanisms of antibiotic resistance, these include antibiotic inactivation or modification, efflux 

pumps and decreased uptake, altered target sites and permeability, and the bypass pathway 

(Giedraitienė et al., 2011; Hawkey, 1998). Antibiotic inactivation or modification works by 

enzymes produced by bacteria that include; beta-lactamases, aminoglycoside-modifying 

enzymes, and acetyltransferases which inactivate antibiotics (Wright, 2005). Antibiotic 

inactivation can be done by hydrolysis mainly in Gram negative bacteria; for example, beta-

lactamases are able to cleave the beta lactam ring in cephalosporin antibiotics (Kotra & 

Mobashery, 1999; Poole, 2004). The second type of antibiotic inactivation is by group transfer 

which causes inactivation by chemical substitution (such as acetyl, phosphoryl, or adenylyl 

groups) added to the antibiotic molecule (Džidic S, Šuškovic J, 2008; Hawkey, 1998). This 

modification causes issues when the antibiotic tries to bind to the target; antibiotics inactivated 

by this process include aminoglycosides, chloramphenicol, macrolides, etc. (Džidic S, Šuškovic 

J, 2008; Hawkey, 1998). The third type of antibiotic inactivation is by redox process in which 

pathogenic bacteria secreting enzymes for oxidation are able to reduce a critical group on the 

antibiotic such as ketone to an alcohol group (Džidic S, Šuškovic J, 2008; Giedraitienė et al., 

2011; W. Yang et al., 2004). 

Efflux pumps are another biochemical mechanism of antibiotic resistance, as they are surface 

proteins that pump antibiotics out of the bacterial cell (Nikaido, Hiroshi; Zgurskaya, 1999). 

Efflux pumps are able to affect many antibiotics including tetracycline and fluoroquinolones; 

both Gram-positive and Gram-negative bacteria, such as Salmonella and S. aureus, are able to 

use efflux pumps for multiple or single antibiotics (Putman et al., 2000; Webber & Piddock, 

2003). Outer membrane permeability is also a mechanism of antibiotic resistance, Gram negative 

bacteria are able to slow drug penetration and transport by porin proteins due to their membrane 

structure that contains an outer lipid and inner phospholipid layers (Džidic S, Šuškovic J, 2008; 

Giedraitienė et al., 2011).  
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 Target modification is a major mechanism of antibiotic resistance, modification can 

change the peptidoglycan structure in which the bacteria is able to change the binding target on 

the cell wall so antibiotics such as methicillin, oxacillin, and vancomycin are unable to bind to 

the bacterial cell wall like in S. aureus (Courvalin, 2005; Džidic S, Šuškovic J, 2008; Tenover, 

2006). Interference with protein synthesis is another form of target modification where the 

bacteria, specifically Gram-positives, are able to make mutations within the 50S ribosomal 

subunit in the 23s rRNA component (Giedraitienė et al., 2011; Tenover, 2006; Walsh, 2000; 

Weisblum, 1995). This prevents the antibiotics, such as macrolides, tetracycline, or 

chloramphenicol, to bind to this target site allowing bacteria to continue protein production 

(Giedraitienė et al., 2011; Tenover, 2006; Walsh, 2000; Weisblum, 1995). Another major target 

modification is interference with the synthesis of DNA, where antibiotics such as 

fluoroquinolones work by preventing DNA replication by interacting with enzymes- DNA 

gyrase and topoisomerase (Ince et al., 2002; Džidic S, Šuškovic J, 2008; Martínez et al., 2003). 

Antibiotic resistance occurs when mutations made by the bacteria alter the enzymes changing the 

binding sites for the antibiotics within the bacteria (Ince et al., 2002; Džidic S, Šuškovic J, 2008; 

Martínez et al., 2003). The “bypass” pathway is the fourth mechanism of antibiotic resistance, by 

bacteria such as S. aureus or MRSA, which occurs when the bacteria produces an enzyme that 

serves as an alternative resistant target, such as Penicillin Binding Protein 2a (PBP2a) 

(Giedraitienė et al., 2011; Hawkey, 1998; Munita & Arias, 2016). The antibiotic, such as 

methicillin or vancomycin, will bind to the alternative target and not to the sensitive target PBP, 

that would inactivate the bacteria, allowing the bacteria to survive or bypass the antibiotic 

(Giedraitienė et al., 2011; Hawkey, 1998; Munita & Arias, 2016). 

 Antibiotic resistance mechanisms can also be acquired from other bacteria or genes that 

have already developed the resistance (Putman et al., 2000; Tenover, 2006). Acquired antibiotic 

resistance can occur via conjugation, transduction, transformation, mutation of genes in the cell, 

and a combination of mechanisms listed (Byarugaba, 2009; Hawkey, 1998). Mutation resistance 

can be acquired when an error occurs in damaged DNA during replication, a process known as 

spontaneous mutations (Byarugaba, 2009; Džidic S, Šuškovic J, 2008; Giedraitienė et al., 2011). 

Adaptive mutations cause resistance during cell division over a period of time; this is a selective 

process that occurs during non-lethal exposures and is thought to be the most common form of 

acquired resistance in nature (Džidic S, Šuškovic J, 2008; Krasovec & Jerman, 2003). Horizontal 
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gene transfer is when antibiotic resistance genes are transferred from one bacterium to another 

and this is an additional way antibiotic resistance spreads (Bennett, 2008; Giedraitienė et al., 

2011). Genes can also be transferred via the following processes: transduction which uses 

bacterial integrons, useful in disseminating genes for multiple resistance; conjugation, which 

uses transposons to transport resistance genes such as mecA gene found in MRSA; and 

transformation which uses plasmids to encode resistance genes of antibiotics, such as 

cephalosporins and fluoroquinolones, to transfer to other bacteria (Alekshun & Levy, 2007; 

Bennett, 2008; Hawkey, 2008; Tolmasky, 2000). Gram-positive and Gram-negative bacteria can 

use horizontal gene transfer to share antibiotic resistance genes (Dzidic & Bedeković, 2003). 

Horizontal gene transfer can also be a source of antibiotic resistant gene transfer in the intestines 

of livestock when bacteria are exposed to other bacteria carrying these resistant genes (Frye & 

Jackson, 2013). 

Isolation of Antibiotic resistant Salmonella from Food Animals 

 Antibiotic resistant foodborne pathogens have been isolated from various food animals in 

previous research worldwide (Tomley & Shirley, 2009; Van Boeckel et al., 2015). Since food 

animals are thought to be reservoirs and assist in the development of antibiotic resistant 

pathogens, it is important to monitor and check the patterns of resistance by sampling livestock 

(Swartz, 2002; Tomley & Shirley, 2009). The results would be useful in evaluating which 

antibiotic show the most resistance and should not be used in human medicine (Swartz, 2002; 

Tomley & Shirley, 2009). S. enterica is a foodborne pathogen of concern which can be found in 

livestock generally as a commensal bacterium and sometimes as a pathogen, and over recent 

years antibiotic resistance in Salmonella has increased (J. Davies & Davies, 2010; Swartz, 2002). 

Gragg et al. (2013) isolated Salmonella from lymph nodes, fecal samples, and hide in cattle from 

Mexico; overall antibiotic resistance was seen in 40.7% of the Salmonella isolates. The most 

common resistance seen was to Tetracycline and 13.2% of the isolates were multidrug resistant 

(Gragg et al., 2013). Kuang et al. (2015) showed an overall antibiotic resistance prevalence in 

Salmonella isolates of 48.14%. In this study, samples were isolated from chickens, pigs, and 

dairy cattle in China, and the most antibiotic resistance was seen for 

sulfamethoxazole/trimethoprim (39.61%). Cai et al. (2016) showed a high incidence (62.6%) of 

resistant Salmonella isolates in China from pigs and the most antibiotic resistance was seen for 

Tetracycline in addition to many multidrug resistant isolates. In Spain, Cruchaga et al. (2001) 
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recovered an overall high antibiotic resistant Salmonella prevalence of 96% from poultry, cattle, 

pigs, and sheep where the most resistance was seen for sulphonamides (84%); 92% of all 

positive animal isolates showed multidrug resistance. In contrast, a study done in Ontario by 

Scott et al. (2012) found 0% Salmonella resistant isolates from sheep fecal samples. 

Another study on Antibiotic resistant Salmonella isolated from livestock was done in Europe by 

Bywater et al. (2004) where resistant Salmonella isolates were recovered from poultry, pigs, and 

cattle. Resistance was only seen in poultry and pigs with an overall 18.15% incidence of 

resistance. Bywater et al (2004) also evaluated Salmonella resistance patterns for 9 different 

antibiotics and the most resistance was seen in Tetracycline. In a study done in India by 

Kalambhe et al. (2016), a low incidence of 7 positive resistant Salmonella isolates, these were 

collected from pigs (5), cattle (2), and buffalo samples (0), and resistance was seen most in 

trimethoprim (6). 

 Igbinosa (2014) isolated antibiotic resistant Salmonella from cattle and goat feces which 

were tested against 16 antibiotics; an overall incidence of resistance was 49%, and the most 

resistance was seen towards vancomycin and oxacillin. A study done in Colombia showed that 

pigs had a similar incidence (37%) of antibiotic resistant Salmonella isolated from lymph nodes, 

and the most resistance was seen for Tetracycline (Pulecio-Santos et al., 2015b). The studies 

above show that antibiotic resistant Salmonella are found in various types of livestock and 

samples worldwide. Resistance was seen to many different types of antibiotics commonly used 

in human medicine and the livestock industry. This is an indication that antibiotics used in 

livestock should be closely monitored or measures should be taken for separation of specific 

antibiotics that should be used for livestock only. 

Isolation of Antibiotic resistant S. aureus from Food Animals 

 Antibiotic resistant S. aureus has been a major concern in humans as well as in animals 

(T. Smith, 2015). Within the past decade a Livestock Associated-Methicillin resistant S. aureus 

(LA-MRSA) has caused illness in humans as well in livestock worldwide and particularly in the 

US where specific strains of S. aureus are shared between both humans and animals (Ballhausen 

et al., 2014; Cuny et al., 2013; Schijffelen et al., 2010). LA-MRSA and Livestock-Associated S. 

aureus (LA-SA) were originally isolated from pigs first reported in France in 2005 before it 

spread worldwide (Armand-Lefevre et al., 2005; Khanna et al., 2008). Antibiotic resistant S. 

aureus has been isolated from various healthy food animals and this can be problematic because 
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it can cause foodborne intoxication if food becomes contaminated during processing or packing 

(Wardyn et al., 2015; Wulf & Voss, 2008). Antibiotic resistant S. aureus in animals can also 

spread antibiotic resistance genes to other foodborne and non-foodborne pathogens and hence, 

detection and monitoring antibiotic resistance patterns of S. aureus is very important (Pantosti, 

2012; Resch et al., 2013; Shoemaker et al., 2001).  

 Nam et al. (2011) recovered a low prevalence of S. aureus antibiotic resistant isolates 

(4.8%) in Korea from bovine mastitis milk; 2.7% of samples showed resistance to a minimum of 

three antibiotics when tested against 20 antibiotics and the most resistance was seen to penicillin 

(66%). However,  Mistry et al. (2016) tested 12 antibiotics and recovered a higher prevalence of 

overall antibiotic resistant S. aureus (25.85%) from bovine samples isolated from mastitic cattle. 

62% showed resistance to three or more antibiotics and the most resistance was seen to 

clindamycin (76.92%) (Mistry et al., 2016). Wang et al. (2015) recovered a very high incidence 

of antibiotic resistant S. aureus isolates (70%) from cattle with mastitis in China and 34 of the 

isolates were MRSA strains.  

Concepción Porrero et al. (2012) challenged S. aureus isolated from caprine or goat mastitis 

samples in Spain against 19 antibiotics and yielded a low resistance rate (6.07%), and the most 

resistance was seen in penicillin. A lower incidence of resistant S. aureus was observed in ovine 

or sheep (3%), and the most resistance was seen in tetracycline for sheep (Concepción Porrero et 

al., 2012). In Thailand, Chu et al. (2012) showed a higher recovery of resistant S. aureus isolated 

from various samples in dairy caprine (20.55%); the most resistance was seen in penicillin. 

Results from the same study showed high S. aureus antibiotic resistance patterns (43.88%) from 

the 12 positive caprine nasal swabs when tested against 15 different antibiotics (Chu et al., 

2012).  Rahimi et al. (2015) recovered antibiotic resistant S. aureus in Iran from caprine 

(18.18%), bovine (25%), and ovine (25%) nasal swabs. Eriksson et al. (2013) recovered a low 

incidence of MRSA positive isolates (4.05%) from ovine nasal swabs in Denmark. Adegoke & 

Okoh (2014) showed a low incidence of MRSA resistance (12.6%) from nasal, mouth, and ear 

swabs of porcine in South Africa; 12% of S. aureus isolates were resistant to vancomycin, 

however, the most resistance was seen in nalidixic acid.  Overesch et al. (2011) recovered a 

higher incidence of antibiotic resistant MRSA (56.08%) from porcine nasal swabs in 

Switzerland. Huber et al. (2009) showed that nasal swabs recovered MRSA positive isolates 

from bovine (4) and porcine (10), respectively, in Switzerland. A high incidence of antibiotic 
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resistance (68.57%) was seen and all isolates showed multiple resistance (Huber et al., 2009). 

Nasal swabs collected from porcine in China by Cui et al. (2009) also recovered an incidence of 

MRSA (58) isolates and an overall resistance of 53.85% against 13 antimicrobials. The studies 

mentioned above show that antibiotic resistant S. aureus can be isolated from a variety of food 

animals and sample types worldwide. Antibiotic resistance was seen to many different antibiotics 

worldwide as well as multiple resistance patterns including MRSA. This may indicate that 

resistance is developing in livestock due to overuse of antibiotics, however, regulation of 

antibiotic use in livestock may vary in different countries. This can be problematic because 

resistant bacteria can spread in the environment, transfer resistance to other pathogens, and cause 

foodborne illness.  

Isolation of Antibiotic resistant Salmonella from meat processing facilities 

 Antibiotic resistant foodborne pathogens can survive and thrive in food animals, but they 

can also survive in the surrounding areas where these food animals are harvested and processed 

(Borch et al., 1996; EFSA, 2006; Swartz, 2002). Animal harvesting facilities as well as the 

workers can be exposed to resistant foodborne pathogens such as S. enterica from the animals 

processed in these facilities (Igbinosa, 2015a; Padungtod & Kaneene, 2006; Swartz, 2002). 

Although most animal processing plants have sanitation and disinfectant protocols for before and 

after processing animals, Salmonella can still persist on surfaces in meat processing plants 

(Giaouris et al., 2014; Otta et al., 2001). Antibiotic resistant Salmonella can contaminate various 

surfaces while the animal is being processed and eviscerated (Bouchrif et al., 2009; EFSA, 2006; 

Igbinosa, 2015a). It is important to detect the prevalence of Salmonella and the resistance 

patterns in meat processing facilities to prevent possible contamination from occurring (Larsen et 

al., 2007; Padungtod & Kaneene, 2006). 

  In China, Cai et al. (2016) found high incidence (62.2%) of resistant Salmonella isolates 

from an animal harvesting facility. Various samples were isolated from scalding water, cooling 

water, floors, waste water, and other various surfaces. Resistance was predominantly seen for 

Tetracycline; however, many isolates showed multidrug resistance (Cai et al., 2016). A 

prevalence of 12.1% antibiotic resistant Salmonella were isolated from harvest facility samples  

in Thailand; 64 isolates were multidrug resistant (Padungtod & Kaneene, 2006). Antibiotic 

resistant Salmonella was isolated from stool samples of the farm workers; 42 of the recovered 

isolates were multidrug resistant and the overall resistance seen in the workers (38.46%) was 
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higher than that of the samples collected from the animal processing facilities (Padungtod & 

Kaneene, 2006). Ziech et al. (2016) collected antibiotic resistant Salmonella isolates from broiler 

cutting room swabs and conveyor belt samples in a poultry harvest facility in Brazil.  An overall 

high multidrug resistant pattern (85.71%) was seen; the most antibiotic resistance was seen to 

nalidixic acid (95%) and tetracycline (91%) (Ziech et al., 2016). Researchers in the United States 

collected water samples from the entrance and exit area of a chiller from a poultry processing 

plant over a year, and found  a prevalence of 19.4% antibiotic resistant Salmonella from the 

entrance water samples, and the most resistance was seen to ampicillin (54.5%) and tetracycline 

(54.5%) (Parveen et al., 2007). Sibhat et al. (2011) did a study in Ethiopia, where antibiotic 

resistant Salmonella isolates were collected from various swab samples from the workers, 

processed bovine animals, and holding pens. Many isolates showed multidrug resistance 

(20.7%), the most resistance was seen in streptomycin and tetracycline(Sibhat et al., 2011b). The 

studies above show that antibiotic resistant Salmonella is present in meat processing facilities as 

well as in workers. These studies were from all parts of the world including the United States. 

Antibiotic resistant Salmonella was seen in various facilities that process different food animals 

from poultry processing plants to mixed food animal processing plants. Antibiotic resistant 

Salmonella present in the meat processing facilities and workers are a risk for cross 

contamination in meats as well as antibiotic resistance gene transfer to other pathogens. 

Detection and patterns of antibiotic resistant Salmonella should be monitored and the prevalence 

of Salmonella can be decreased by following appropriate cleaning and sanitation protocols as 

well as good hygiene practices by the processing plant workers. 

 

Isolation of Antibiotic resistant S. aureus from meat processing facilities 

 S. aureus is another antibiotic resistant foodborne pathogen of concern that can be found 

in the environment and various surfaces of meat processing plants. Since resistant S. aureus is 

commonly found on skin and mucous membranes of healthy humans and animals, livestock and 

harvest facility workers can be a reservoir for the spread of antibiotic resistant S. aureus to areas 

of harvesting facilities (Cuny et al., 2013; T. Smith, 2015; Weese, 2010). S. aureus can survive 

in harvesting facilities for long periods of time in biofilm matrices on various surfaces even after 

routine disinfection and cleaning (Brooks & Flint, 2008; L. Yang et al., 2012). Resistant S. 

aureus biofilms can also contain other bacteria where resistance can be spread (Doulgeraki et al., 
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2016; Giaouris et al., 2014; Weese, 2010; Castillo Neyra et al., 2014). S. aureus biofilms can 

also be a source of contamination for meats as well as workers being exposed to antibiotic 

resistant S. aureus and spreading it to household members and the community (Doulgeraki et al., 

2016; Giaouris et al., 2014; Weese, 2010; Castillo Neyra et al., 2014). Livestock that carry 

antibiotic resistant S. aureus and MRSA can come from different farms and can bring a variety 

of isolates to meat processing facilities (Weese et al., 2010; Kadariya et al., 2014; Vanderlinde et 

al., 1999). It is important to detect the prevalence of S. aureus and the resistance patterns in meat 

processing facilities to prevent possible contamination from occurring (Overesch et al., 2011; 

Wallinga et al., 2011; Doulgeraki et al., 2016). 

 Cui et al. (2009) in China isolated MRSA from environmental samples (66.7%) collected 

from two harvest facilities that process cattle and porcine. Castillo Neyra et al. (2014) did a study 

in the United States where Multidrug resistant S. aureus and MRSA were isolated from the nasal 

swabs of porcine processing plant workers (46.6%), as well as household members (38.9%), and 

community residents (20%), and the most resistance was seen to erythromycin. Gutiérrez et al. 

(2012), recovered S. aureus from food contact surfaces in meat industries over a year in Spain, 

where S. aureus intermediate resistance was seen for ciprofloxacin (11%), streptomycin (33%), 

and enrofloxacin (11%). Richter et al. (2016) in Germany isolated MRSA from environmental 

dust swabs (90%) and human nasal swabs (37.3%) from turkey farms, and antibiotic resistance 

was seen mostly for tetracycline (97.9%). In Western Australia 126 S. aureus were isolated from 

two poultry processing plants; each isolate was resistant to at least one antibiotic out of twelve, 

and the most resistance was seen to penicillin (Bertolatti et al. 2003). In Bangladesh S. aureus 

was isolated from 4 different harvest facilities, a high prevalence of antibiotic resistant S. aureus 

(80%) was recovered, and resistance was seen at least once to all 10 antibiotics tested 

(Ahaduzzaman et al., 2013). Lerma et al. (2013) conducted a study in goat and lamb processing 

facilities in Spain where Staphylococcus sp. was isolated from six different areas throughout the 

processing plant. A low incidence of antibiotic resistance was found (5%), and the most 

resistance was seen to cefuroxime (Lerma et al., 2013). The studies above indicate that antibiotic 

resistant S. aureus is present worldwide in various types of animal processing facilities and 

different types of samples. The studies above also indicate that antibiotic resistant S. aureus can 

be isolated from animal harvest plant workers that can spread resistant S. aureus to household 

members and possibly even community residents. 
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Isolation of bacteria from Harvesting and Meat processing Facilities  

How food animals can be a risk in bacterial contamination in meat processing 

facilities 

 Food animals can be a source of bacterial pathogen transmission via cross-contamination 

in meat processing or animal harvesting facilities. Many of the common commensal bacteria in 

cattle, small ruminants, swine, and poultry, such as Salmonella, Campylobacter, E. coli O157, 

are able to cause invasive, generally gastrointestinal related infections in animals as well as 

humans (Swartz, 2002). These animal commensals that are pathogenic to humans can 

contaminate meats as well as equipment, contact surfaces, floors, walls, and meat processing 

plant workers (Bell, 1997; Smith, 2015). S. aureus and Salmonella, two foodborne pathogens of 

concern, have been isolated from food animals’ pre and post-harvest, and these pathogens have 

also been isolated from meat products (Abdalrahman et al., 2015; Barrow & Wallis, 2005; 

Rahimi et al., 2015). Salmonella has been isolated from (50%) fecal samples in bovine and goat 

food animals from large commercial farms in South Africa (Igbinosa, 2015). When  these 

animals go to market to be processed, they can contaminate the meat processing plants from 

Salmonella positive fecal material during the harvesting process (Igbinosa, 2015). There has also 

been evidence that MRSA has been isolated from nasal swabs in bovine livestock, dairy cows, 

and calves in Belgium (Nemeghaire et al, 2014). MRSA has also been isolated from nasal swabs 

in swine and swine workers in the United States (Smith et al., 2008).  Kuang et al. (2015) has 

isolated Salmonella from cloacal and anal swabs in healthy and sick pigs as well as poultry and 

dairy bovine livestock in China. When harvesting Salmonella positive animals such as those in 

the study, cross-contamination can occur in the processing plant and even in workers (Kuang et 

al., 2015). Studies conducted within the decade have shown that pathogens such as S. aureus and 

Salmonella have been isolated from meat processing workers and livestock workers in different 

parts of the world (Leibler et al., 2016; Padungtod & Kaneene, 2006; T. C. Smith et al., 2008). S. 

aureus has also been isolated from household members that live with workers that interact with 

livestock and also community residents (Castillo Neyra et al., 2014; Nadimpalli, 2012; 

Padungtod & Kaneene, 2006). However, studies show that harvest facility workers show a higher 

prevalence of S. aureus, Salmonella was isolated from hospitalized children in one study 

involving livestock (Castillo Neyra et al., 2014; Nadimpalli, 2012; Padungtod & Kaneene, 2006). 
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This is most likely due to the exposure and risks of working with livestock that carry these 

pathogens (Stevens et al., 2009; Wallinga and Kulick, 2011). Salmonella and S. aureus have also 

been isolated from many other animals and samples including lymph nodes, hides, evisceration 

processing swabs, and carcass sampling (Fluckey et al., 2007; Sofos et al., 1999; Szalus-

Jordanow et al., 2011; Tanih et al., 2015). Mentioned above are just several examples of how 

food animals can be a risk of pathogen transmission in harvesting and meat processing plants 

worldwide.  

Risks of bacterial contamination in Meat processing/packing facilities 

 Livestock are known to be a source of foodborne pathogens and can introduce these 

pathogens to people and even the processing facilities. However, once introduced S. aureus and 

Salmonella must find a way to spread and survive in these conditions. S. aureus and Salmonella 

can spread via cross-contamination which can occur at the start of the animal harvesting process, 

including: decapitation process, dehiding, evisceration, and splitting the carcass to wash and age 

(Adams, 2008; Fluckey et al., 2007; Galland, 1997; Vanderlinde et al., 1999). Each of these areas 

of processing can lead to cross-contamination on the meats from pathogenic bacteria present on  

the animal as well as sanitation and cleanliness of the workers and processing equipment 

(Galland, 1997; Kadariya et al., 2014). Since S. aureus is commonly found on the skin and 

mucous membranes of people and animals, workers whose skin comes in contact with meats 

during any of the processing stages could cause contamination (Kadariya et al., 2014; Todd et 

al., 2009). S. aureus can also be transmitted via aerosolization which is an easy mode of 

transmission on meats or any surfaces (Reij & Den Aantrekker, 2004; Todd et al., 2009). Both 

pathogens are able to survive on various surfaces besides the carcasses and meat products, 

including: stainless steel equipment, floors, and contact surfaces in short periods of time via 

planktonic cells or longer periods of time via biofilms (Donlan & Costerton, 2002; Otta et al., 

2001; Kusumaningrum et al., 2003; Wang et al., 2013). Biofilms are difficult to eliminate and are 

overall resistant to environmental conditions and sanitizers; however, in these environments 

biofilms can survive for long periods of time because of the high moisture in rooms (de Souza et 

al., 2014; Giaouris et al., 2014; Rode et al., 2007). Bacterial growth after the harvesting process 

can become a problem when the carcasses are stored in the coolers for aging, if the storage 

temperatures are not monitored or set at the right temperature, since this can allow bacteria to 

proliferate on the meats (Adams, 2008; EFSA, 2006; Genigeorgis, 1989). During the meat 
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packing process, contamination can occur if the food contact surfaces are contaminated or come 

in contact with contaminated meat (European Food Safety Authority, 2009; Gutiérrez et al., 

2012; Wang et al., 2013). Storage temperature after the meats are aged and cut and ready to be 

sold is also a critical control point to prevent bacterial growth (Borch et al., 1996; FDA 

Nutrition, 2014; Syne et al., 2013).  

  

Salmonella was isolated from various surfaces and equipment in 40 harvesting facilities, 

live food animals, and carcasses in different areas of Thailand (Chotinun et al., 2014). 

Salmonella has been isolated from bovine carcasses and meat samples, harvest facilities, and 

meat retailers where several similar serotypes were seen in samples from carcasses, meats, and 

retailers in Senegal (A. Stevens et al., 2006). Researchers in the United States were able to 

isolate S. aureus from retail beef livers, pork cuts, and beef cuts sampled from grocery stores in 

one state (Abdalrahman et al., 2015). S. aureus was isolated from equipment in a pork processing 

facility as well as cured meat products and non-cured meat products in Iberia (Palá & Sevilla, 

2004). These are examples of studies that have been done to evaluate risks of pathogens such as 

S. aureus and Salmonella, found in meat processing facilities and meat products. These studies 

demonstrate that at some point during animal processing and packing, cross contamination 

occurred along the way. Pathogens are able to spread and survive in meat processing and packing 

plants, they have been isolated from many different surfaces in harvesting facilities worldwide. 

Cross-contamination can easily occur in processing facilities from different sources including 

livestock. Large or commercial meat processing and packing plants that process a high volume 

of animals could increase the chances and risks of cross contamination (Loharikar et al., 2012).  
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An evaluation of the prevalence of antibiotic resistance 

among Salmonella isolated from various food animals. 

 

Abstract   

 Antibiotic resistant bacteria have become a major public health concern due to the 

overuse of antibiotics in food animals. According to the CDC, about 70% of antibiotics 

dispensed yearly throughout the United States are distributed to the livestock industry as growth 

promoters, prophylactic, and therapeutic treatments. The frequent consumption of antibiotics by 

food animals plays a major role in the development of antibiotic resistant foodborne pathogens. 

These animals harbor foodborne pathogens that generally do not affect the animals themselves 

but are harmful to the people exposed. The problem occurs when treatment becomes difficult. 

Salmonella is a pathogen that can be isolated from livestock and cause serious illness in humans. 

Objectives of this study include isolating Salmonella from samples collected from food animals 

at a non-commercial USDA inspected facility and investigating the prevalence of antibiotic 

resistance in the confirmed Salmonella isolates from livestock raised in various regions of 

Arizona and Southern New Mexico. 

 In this study, samples were collected from various food animals in a harvesting and 

animal processing facility in Arizona and evaluated for the presence of Salmonella. Salmonella 

was isolated from three different types of samples per animal including nasal swabs, hide, and 

sub iliac and mesenteric lymph nodes. Samples were collected from 129 animals of the following 

types: Bovine (cow), Caprine (goat), Ovine (sheep), and Porcine (pig). Each sample was cultured 

separately in enrichment media and selective/differential media. Once the pathogen was 

confirmed via PCR and other biochemical tests, an antibiotic susceptibility test was performed to 

check the resistance characteristics of each isolate. The pathogen was exposed to 8 different 

antibiotics commonly used among food animals and humans and the resistance/susceptibility to 

each antibiotic evaluated via the disc diffusion assay. 

 A total of 129 animals were sampled and of these, 60 isolates were confirmed positive for 

Salmonella. Of these Salmonella isolates, 53 showed resistance to at least one type of antibiotic. 

The results showed that there are antibiotic resistant Salmonella found in food animals and most 
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of these Salmonella isolates were resistant to more than one antibiotic. Appropriate control 

measures are needed to mitigate the problem of antibiotic resistant bacteria among food animals.  

Introduction 

 Antibiotic resistance is a major public health concern that does not appear to resolve itself 

in the near future. It is a growing problem worldwide and antibiotic resistant bacteria are 

estimated to cause about 70,000 deaths annually, (Mckenna, 2014; WHO, 2016). The CDC 

estimates that 23,000 human deaths occur yearly in the United States due to antibiotic resistant 

bacterial infections (CDC, 2016). Annually, according to the CDC, about 48 million people in 

the United States become ill, 128,000 people become hospitalized, and 3,000 people die due to 

foodborne infections (Scallan et al., 2011). Bacteria are one of the main causes of foodborne 

illnesses, and many of these pathogens come in contact with foods from animal contamination, 

wild animals or livestock, during the production and processing of food (CDC, 2015a). These 

bacterial foodborne pathogens that are from animal origin especially from livestock have been 

found to show patterns of antibiotic resistance. It has been shown that the use of antibiotics to 

maintain their health and increase production in food animals has led to the creation of some 

antibiotic resistant bacteria (CDC, 2015d). About 15.4 million kilograms of antibiotics in the 

United States are distributed annually to the animal production industry, increasing the 

development of resistant bacteria in the digestive systems of food animals (FDA, 2015). These 

resistant foodborne pathogens can then be transferred to humans via human to animal contact, 

contaminated food products, and environmental contact (Yamamoto et al., 2014). This then 

becomes a major public health concern when trying to treat people with an antibiotic resistant 

infection, or treatment may be prolonged until the correct antibiotic is found and is effective in 

treating the infection (CDC, 2015b). Although it is believed that there is no direct connection 

between people acquiring antimicrobial/antibiotic resistant pathogens and animals, studies have 

shown that there is a very strong correlation between the presences of resistant foodborne 

pathogens that were isolated from food production animals in Europe (Vieira et al., 2011).  

 One of the foodborne pathogenic bacteria of concern is Salmonella enterica, which is 

responsible for about one million foodborne illnesses, 19,000 hospitalizations, and 380 deaths in 

the United States annually (CDC, 2016b). Salmonella are commensal bacteria in the digestive 

tract of livestock and have been found on meat and animal products (Meng and Doyle, 1998; 
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Boonmar et al., 1997). Many of the Salmonellosis cases usually have gastroenteritis symptoms, 

go unreported and illness can usually be self-limiting (Chalker & Blaser, 1988). When 

complications occur and hospitalization or medical treatment is needed and Salmonella is 

resistant to antibiotics then treatment becomes difficult (Cruchaga et al., 2001). Worldwide, four 

of the most commonly isolated serotypes of Salmonella have been traced to animal origin 

(Cruchaga et al., 2001). Salmonella and other bacteria develop resistance to antibiotics in the gut 

of livestock over the animals’ life and can then spread through the environment, other animals, 

food processing, and to the public (Aarestrup et al., 1999). One well known example of a 

resistant bacterium is Salmonella enterica serotype Typhimuruim DT (distinctive phage type) 

104 which is resistant to a minimum of five different types of antibiotics, was discovered in 1979 

and likely originated from cattle (Glynn et al., 1998; Gay et al., 1999). Salmonella is known to 

contaminate food animal products such as meats, poultry, dairy products, and eggs 

(Foodsafety.gov, 2016; Glynn et al., 1998; Gay et al., 1999).   

 The prevalence of antibiotic resistant foodborne pathogenic bacteria among livestock 

animals has been investigated. The presence of antibiotic resistant Escherichia coli in cattle fecal 

samples was studied in Japan and E. coli isolates were tested against 13 different antibiotics; 37 

of the 45 E. coli isolates showed antibiotic resistance (Yamamoto et al., 2014). In Thailand, 

Salmonella in fecal and meat samples from livestock animals and fecal samples from humans 

were isolated and antibiotic resistance was tested using seven different antibiotics. Similar 

serotypes of Salmonella were isolated from both food animals and humans and antibiotic 

resistance was seen in both (Padungtod & Kaneene, 2006). Salmonella was isolated from 

humans, food, and animals in Spain and tested for the presence of antibiotic resistance against 12 

different antibiotics where many isolates from each source showed multidrug resistance 

(Cruchaga et al., 2001). A study conducted in Washington D. C. involved testing meat samples 

from livestock and poultry from various supermarkets where random samples were tested for the 

presence of Campylobacter, E. coli, and Salmonella. Each of these foodborne pathogens were 

detected in the raw meat product where Salmonella was the least common detected pathogen and 

Campylobacter was the most detected in the meat products (Zhao et al., 2001). Even though 

research has been ongoing on this topic, antibiotic resistant pathogens in food animals and their 

overall effect on public health, food animals, and the environment is still inconclusive (Aarestrup 

et al., 1999). 
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 Objectives of this study include A) isolating Salmonella from various samples collected 

from food animals from numerous non-commercial sources in various regions of Arizona and 

Southern New Mexico; and B) investigating the prevalence of antibiotic resistance in the 

confirmed Salmonella isolates. 

Materials and Methods 

Bacterial cultures.   

 A positive control Salmonella culture was revived the day before samples were collected. 

The control used was Salmonella enterica serovar Newport Laj160311, with the JJPX 01.0014 

PulseNet PFGE profile. One hundred microliters of the control was revived in 9 milliliters of 

Tryptic Soy Broth (TSB) (Difco™- Becton, Dickinson and Company (BD) Sparks, MD. USA) 

by incubating at 37˚C for 18-24 hours. 

Collection of samples  

 Samples were collected from 129 livestock animals from a non-commercial USDA 

inspected harvesting and animal processing facility in Arizona. Samples were collected from a 

minimum of 30 of each of the following animals: bovine, porcine, ovine, and caprine livestock 

raised mainly in various areas of Arizona and Southern New Mexico. Three samples were 

collected from each animal post-harvest including a nasal swab, mesenteric and subiliac lymph 

nodes, and hide (from the rump, feet (skin above the hooves), or belly area of the animal- the 

areas most prone to contamination) (Fluckey et al., 2007; Gragg et al., 2013). These samples 

were selected based on samples collected from previous studies were Salmonella was isolated 

from mammals (Bacon et al., 2002; Garg & Sharma, 1979; Molla et al., 2006). Samples were 

collected in clear sterile sampling bags (VWR, Randor, PA. USA) or stomacher bags and sterile 

15 mL centrifuge tubes (VWR). Immediately after collection, the samples were brought to a 

microbiology lab for further processing. Ten grams of each sample (hide and lymph nodes) were 

weighed in a stomacher bag and 90 ml of Universal Pre-enrichment Broth (Difco™- Becton, 

Dickinson and Company (BD) Sparks, MD. USA) was added. The sample was stomached for 1 

minute in the Stomacher Lab-Blender 400 (Tekmar Company, Cincinnati, OH, USA). Samples 

were then incubated at 37˚C for 18-24 hours. Nasal swabs were kept in sterile 15 ml centrifuge 

tubes and 9 ml of UPB (Difco-BD) was added, then vortexed (VWR analog vortex mixer. 
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Randor, PA. USA) for 1 minute and incubated at 37˚ C for 18-24 hours. The nasal swab positive 

control consisted of a sterile swab dipped in overnight culture of Salmonella and vortexed in 9 

ml of UPB. The lymph node and hide samples for the positive controls were boiled in water for 

15 seconds to remove any surface bacteria present and were then inoculated with a minimum of 

1 ml of the overnight Salmonella culture, or enough to cover the surface of each sample. After 

pre-enrichment, one ml sample was transferred to 9 ml of Tetrathionate Broth (TTB) (Difco™-

BD) which was incubated at 42˚C for six hours. One ml was then transferred from TTB to 9 ml 

of Rappaport-Vassiliadis Broth (RV) (EMD chemicals. Germany) and incubated at 42˚C for 24 

h. A 1 ml aliquot from the RV broth was then transferred to a 30% glycerol solution (EMD 

chemicals, USA) and stored at -20˚C for later use. A sample of RV Broth was streaked onto 

xylose lysine desoxycholate (XLD) Agar (Criterion Hardy Diagnostics. Santa Maria, CA. USA) 

and incubated at 37˚C for 18-24 h. Black colony forming units on XLD Agar were then 

restreaked for isolation on another XLD plate for pure colonies. Once colonies were isolated they 

were streaked on to tryptic soy agar (TSA) (Criterion) and incubated at 37˚C for 18-24 h. 

Salmonella colonies on TSA were then confirmed by the following tests/methods of 

identification:  Gram staining (Harleco EMD, USA), API® (BioMérieux. Durham, NC, USA), 

catalase (Hydrogen Peroxide. CVS. Woonsocket, RI), Oxidase (BD. Sparks, MD) tests, and then 

traditional PCR for final confirmation. 

DNA Isolation  

 Fresh colonies less than 24 hours were taken from TSA. Two isolated colonies were 

removed from TSA using a sterile loop and place into 30 µl of autoclaved deionized water. 

Samples were then boiled in a Fisher Isotemp® Dry Bath (Fisher Scientific Company, USA) at 

95˚C for 7 min. Samples were then centrifuged for 30 sec at 16000xg (Eppendorf microfuge 

model 451, Eppendorf AG, Westbury, NY, USA). One µl was transferred from the supernatant 

and added to 24 µl of master mix in a sterile PCR tube. The master mix was made of the 

following: TaKaRa Ex Taq® (Takara Bio Inc. Japan)- 1 µl, 10X Ex Taq Buffer (Mg2+ plus)- 20 

µl, dNTP Mixture- 16 µl, Forward primer invA3F- 4 µls, Reverse primer invA3F- 4 µl, and 

Nuclease Free Sterile Water (Fischer Scientific, Fair Lawn, NJ. USA) - 147 µl. Then 1 µl of 

supernatant was added to a sterile PCR tube containing 24 µl of master mix for a total volume of 

25 µl per sample for the PCR reaction. The primers used in the master mix were Invitrogen 

invA3 gene (Invitrogen, Carlsbad, CA, USA) (forward primer invA3F [5’-
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AACGTGTTTCCGTGCGTAAT-3’] and reverse primer invA3R [5’-

TCCATCAAATTAGCGGAGGC-3’]), specific for the invA gene used in the detection of 

Salmonella (Cheng et al., 2008; Park et al., 2011). 

PCR amplification and Gel Electrophoresis 

 The Mastercycler 5333 Eppendorf (Thermocycler) (Eppendorf, Westbury, NY, USA) 

was used for polymerase chain reaction (PCR). The Thermocycler was set at 94˚C for 1 min for 

initial incubation then, denaturation at 94˚C for 25 sec, primer annealing at 52˚C for 30 sec, and 

primer extension at 72˚C for 1 min for 36 cycles. Then the additional final incubation at 72˚C for 

1 min, the PCR product was stored at 4˚C until further use. The PCR product (12 µl) was mixed 

with 3 µl of 6X DNA loading dye (Fermentas Thermo Scientific, Waltham, MA, USA) and 

loaded into a 1.5% Omnipur® agarose gel (Calbiochem®, Gibbstown, NJ. USA). A GeneRuler 

100 bp DNA ladder (Thermo Scientific., Waltham, MA, USA) was also used. The gel was run in 

a Horizontal Electrophoresis System (Fisher Scientific. Pittsburg, PA, USA) at 90 volts using a 

Bio-Rad Computer Controlled Power Supply (Bio Rad, Richmond, CA, USA) for 65 min and 

was then placed under a Transilluminator UV light (Alpha Innotech, Model White/UV, USA) to 

be photographed.  

Antibiotic resistance testing  

 The confirmed isolates of Salmonella were transferred from a single colony from TSA or 

XLD to 9 ml of tryptic soy broth (TSB) (BD) for 18 to 24 hours at 37˚ C. The overnight culture 

was streaked on to Muller Hinton Agar (MHA) (Criterion) using a sterile swab to make a lawn. 

A total of 8 different Sensi- Antibiotic Discs™ (BD. USA) were tested for each confirmed 

isolate in duplicates. Four antibiotic discs were used per plate. The antibiotic discs (BD) used 

were Ampicillin (10 μg), Cefoxitin (30 μg), Chloramphenicol (30 μg), Ciprofloxacin (5 μg), 

Erythromycin (15 μg), Streptomycin (300 μg), Sulfamethoxazole/Trimethoprim (1.25/23.75 μg), 

and Tetracycline (30 μg). MHA with antibiotic discs was incubated at 37˚ C for 18 to 24 hours. 

Zones of inhibition were measured for each antibiotic disc and based on the diameter, the isolate 

was determined to be sensitive, intermediately resistant, or resistant according to the 

manufacturers’ recommendation. 
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Results and Discussion 

 
Prevalence of Salmonella and Their Antibiotic Resistance  

 From 129 animals, a total of 369 samples (123 hide, 123 lymph nodes, and 123 nasal 

swabs) were collected and of these 60 samples were confirmed as positive for Salmonella 

(16.26%) via PCR/Conventional gel electrophoresis and the other methods described above. A 

total of 53 animals were positive for Salmonella out of the 129 animals sampled. Of the 

confirmed Salmonella positives, 21 were isolated from Bovine (Cattle), 18 from Porcine 

(Swine), 16 from Caprine (Goat), and 5 from Ovine (Sheep/lamb) animals. Thirty seven 

Salmonella were isolated from lymph nodes, 18 from the animal hide samples, and 5 from nasal 

swab samples. Of the 60 confirmed positive Salmonella isolates, none were found resistant to 

Ciprofloxacin. Of the confirmed positive Salmonella isolates, 22 were found resistant to 

Ampicillin, 21 to Cefoxitin, 21 to Chloramphenicol, 45 to Erythromycin, 24 to Streptomycin, 1 

to Sulfamethoxazole/ Trimethoprim, and 23 to Tetracycline. Fifty three of the Salmonella 

isolates showed resistance to at least one antibiotic and the other 7 isolates showed intermediate 

resistance to Erythromycin. Nineteen of the Salmonella isolates showed intermediate resistance 

to Streptomycin, 1 to Cefoxitin, 15 to Erythromycin, and 3 to Tetracycline. 

Prevalence of Salmonella among livestock animals 

 This study provides one of the first cases of Salmonella that has been recovered from a 

harvesting and animal processing facility in Arizona from various types of livestock in various 

regions in Arizona and Southern New Mexico. This research shows that Salmonella can be 

isolated from different types of livestock from various areas of the animal such as hides, nasal 

areas and lymph nodes.  

 A total of 16.26% (60/369) of all samples from four different types of livestock evaluated 

in this study were positive for Salmonella. A total of 41.09% (53/129) of animals were positive 

for Salmonella. In contrast, Cai et al. (2016) recovered a much higher percent (74.7% (121/162)) 

of Salmonella positive isolates from livestock sources. Several other studies reported higher 

Salmonella isolate recoveries from cattle, goat, and pigs from slaughterhouses in various 

countries such as Mexico with 91 positive isolates Gragg et al., 2013), Colombia with 333 

positives (Pulecio-Santos et al., 2015), and South Africa with 150 Salmonella positives 
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(Igbinosa, 2014). The prevalence of high Salmonella isolates could be due to a larger sample 

size, different types of livestock, and the sample types collected. For example, some of these 

studies only included samples from pigs or only bovine animals (Gragg et al., 2013; Pulecio-

Santos et al., 2015). Also all of these studies were conducted in different countries and used 

different methods of detection and confirmation of Salmonella (Cai et al., 2016), antibiotic 

resistant gene specific primers, different types of selective and differential media, and automated 

machines such as VITEK® 2 Compact System (Cai et al., 2016; Gragg et al., 2013; Igbinosa, 

2015; Pulecio-Santos et al., 2015)  

 In contrast, there were many investigations that recovered a lower number of Salmonella 

positive isolates from livestock. Kuang et al. (2015) from China, recovered 11.35% positive 

Salmonella isolates; 11.28% positive Salmonella isolates were recovered in Thailand (Padungtod 

& Kaneene, 2006), and 7.24% in Europe (Bywater et al., 2004). However, all of these studies 

were conducted in different countries, and some of these studies only evaluated fecal samples 

(Bywater et al., 2004; Kuang et al., 2015); there was not an equal number of animal types 

sampled within each study, and different methods of detection and isolation used in each study 

(Kuang et al., 2015). There were studies that showed a very low recovery of Salmonella isolates, 

such as less than 5%; however, these were not conducted in the United States. Kalambhe et al. 

(2016) showed a 2.5% Salmonella recovery and Scott et al. (2012) recovered 1.45% of 

Salmonella isolates from central India and Ontario, respectively. These differences in Salmonella 

isolates could be due to different regions, the types of samples collected, and the livestock 

selection in these studies. Environmental differences could also be a major contributing factor, 

for example, in Arizona the weather is very stable and the winters are not extreme as in the 

Northern regions such as Canada (Scott et al., 2012) and Salmonella survives better in the 

environment in warmer regions (Zibilske and Weaver, 1978).  

 The overall prevalence of antibiotic resistance in Salmonella recovered from the 60 

confirmed positive isolates from livestock was 32.7% and intermediate resistance of 7.92%. Our 

results were consistent with that of Gragg et al. (2013) who found 40.7% resistant Salmonella 

isolates from Mexico and Kuang et al. (2015) who showed 34.72% resistant Salmonella isolates 

in China. High incidence of resistant Salmonella isolates (62.6% and 96%) were shown by Cai et 

al. (2016) and Cruchaga et al. (2001) from China and Spain, respectively. In contrast, in Ontario 
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Scott et al. (2012) found 0% Salmonella resistant isolates. This research supports the fact that 

Salmonella can be isolated in different numbers from livestock in various parts of the world. 

Isolation of Salmonella from Bovine Samples and their Antibiotic Resistance 

 The total number of Salmonella positives isolated from bovine samples were 21; 8 were 

from hide samples, 12 from lymph nodes, and 1 from nasal swab (Table 1). Of the 8 Salmonella 

positive hide samples isolated from bovine, resistance was observed in the following antibiotics: 

5 to Ampicillin, 4 to Cefoxitin, 5 to Chloramphenicol, 5 to Erythromycin, 5 to Streptomycin, and 

5 isolates showed resistance to Tetracycline (Table 2). The Salmonella positives isolated from 

hide showed intermediate resistance to the following antibiotics: 1 to Cefoxitin, 3 to 

Erythromycin, and 1 to Streptomycin.  The 12 Salmonella positive lymph node samples isolated 

from bovine showed the following antibiotic resistance patterns: 2 to Ampicillin, 2 to Cefoxitin, 

2 to Chloramphenicol, 7 isolates to Erythromycin, 2 to Streptomycin, and 2 isolates to 

Tetracycline; and intermediate resistance to the following antibiotics: 5 to Erythromycin and 5 to 

Streptomycin. There was one bovine Salmonella isolate from a nasal swab sample that showed 

resistance to Erythromycin.  

The overall prevalence of Salmonella in Bovine 

 Bovine or cattle had the highest Salmonella positives in this study with 21 positive 

isolates out of 97 bovine samples yielding 21.65% (Table 1). However, other studies showed 

higher recoveries of Salmonella from bovine for example, researchers in South Africa were able 

to recover a high number of Salmonella positives (55%) from bovine (Igbinosa, 2015). Bosilevac 

et al. (2015) isolated a high prevalence of Salmonella positives (45.7%) from bovine in Saudi 

Arabia.  Kuang et al. (2015) also showed that dairy cattle had the highest Salmonella positives 

(25.12%) out of all 3 types of livestock tested, similar results were seen to the current study.  

Kalambhe et al. (2016) in India, recovered an overall low prevalence of Salmonella positives 

(3%) isolated from bovine. Bywater et al. (2004), found a very low prevalence of Salmonella 

(0.6%) isolated from Bovine in Europe. 

Salmonella isolated from Bovine by sample type 

 The sample type that recovered the highest incidence of Salmonella from Bovine was 

lymph nodes (36.36%) followed by hide (25%), and nasal swabs (3.12%). Haneklaus et al. 

(2012), showed results similar to our findings where 35.5% (109/207) of the bovine lymph nodes 
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were positive for Salmonella. Bovine lymph nodes from China and the United states exhibited 

the presence of  Salmonella in 3.7% (1/27) and 1.58% (18/1140) samples, respectively (Cai et 

al., 2016; Arthur et al., 2008). Sibhat et al. (2011) recovered Salmonella positive isolates from 

hide samples (31%) and lymph nodes (8%) from bovine in Ethiopia. Hide was not as commonly 

evaluated as other sample types and the number of positives varied. Fluckey et al., (2007) 

isolated a high prevalence of Salmonella isolates (61.1%) from bovine hide samples in the 

United States.  Gragg et al. (2013) showed that 45.71% of hide samples in Mexico were positive 

for Salmonella. In the United States, the prevalence of Salmonella in beef hide samples varied 

from 1.3-15.8% (Bacon et al., 2002). Our results were consistent with those of Garg and Sharma 

(1979) wherein 1.2% of nasal swabs from beef calves were positive for Salmonella. Livestock 

can orally or nasally contract pathogens and the moisture on the snout of the animals can cause 

Salmonella to stick if the animals come in contact with feces or other sources of contamination. 

Salmonella is otherwise not naturally found in the nasal passages of animals (Lawley, 2013). 

This could be the reason of why nasal swabs showed the least amount of Salmonella positives, 

but Salmonella can still be recovered from nasal swabs (Garg & Sharma, 1979) 

The overall incidence of antibiotic resistant Salmonella in Bovine. 

 The overall prevalence of antibiotic resistance in the 21 positive isolates of Salmonella 

from bovine sources was 27.98% when compared to the overall resistance of 32.71% found in 

this study. Fluckey et al., (2007), recovered antibiotic resistant Salmonella from bovine hide 

samples in the United States; 97% of all isolates showed resistance to at least one antibiotic; the 

most resistance was seen to Sulfamethoxazole (96.8%). In an investigation by Igbinosa (2014), 

Salmonella positive isolates from bovine were tested against 16 antibiotics; a high incidence of 

Salmonella antibiotic resistance (44.04%) was seen, and the most resistance was seen to 

Vancomycin and Oxacillin. In contrast, Kalambhe et al. (2016) found a lower incidence of 

Salmonella antibiotic resistance (13.33%) isolated from bovine in India, resistance was only seen 

to Tetracycline. Kuang et al., (2015) in China, showed a low incidence of Salmonella antibiotic 

resistance (1.6%) isolated from dairy cattle, and the most resistance was seen to 

Sulfamethoxazole/Trimethoprim and Nalidixic acid.  

The prevalence of antibiotic resistant Salmonella isolated from Bovine by 

sample type 
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 The sample type that harbored the most antibiotic resistant Salmonella in Bovine was 

hide (45.31%), followed by lymph node (17.7%), and nasal swab (12.5%) (Table 2). Gragg et al. 

(2013) showed that lymph nodes had the highest incidence of antibiotic resistant Salmonella 

isolates (53.57%) followed by hide samples (23.53%) isolated from bovine in Mexico.  

 Arthur et al. (2008) recovered a lower incidence of antibiotic resistant Salmonella (12.5%) 

isolated from various bovine lymph nodes in the United States. In Ethiopia Sibhat et al. (2011),  

presented a slightly lower prevalence of antibiotic resistant Salmonella (20.7%) from various 

bovine samples including hide and lymph nodes; multidrug resistance was also observed 

(15.6%), and the most resistance was seen to Streptomycin and Tetracycline. These Salmonella 

antibiotic resistant isolates were seen in various samples from bovine worldwide. 

 

Table 1. Confirmation of Salmonella isolated from Bovine/beef animals using various 

assays. 

Animal #Animal #Animal #Animal # Gram stainGram stainGram stainGram stain API®API®API®API® OxidaseOxidaseOxidaseOxidase CatalaseCatalaseCatalaseCatalase PCRPCRPCRPCR 

H119 Gram 

Negative 
N/A* Negative Positive invA3+* 

L119 Gram 

Negative 
N/A Negative Positive invA3+ 

H029 Gram 

Negative 
N/A Negative Positive invA3+ 

H031 Gram 

Negative 
N/A Negative Positive invA3+ 

H032 Gram 

Negative 
 + Negative Positive invA3+ 

H033 Gram 

Negative 
N/A Negative Positive invA3+ 

H054 Gram 

Negative 
N/A Negative Positive invA3+ 

H060 Gram 

Negative 
N/A Negative Positive invA3+ 

H062 Gram 

Negative 
N/A Negative Positive invA3+ 

L028 Gram 

Negative 
 + Negative Positive invA3+ 

L053 Gram 

Negative 
N/A Negative Positive invA3+ 

L055 Gram 

Negative 
N/A Negative Positive invA3+ 

L056 Gram 

Negative 
N/A Negative Positive invA3+ 
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L060 Gram 

Negative 
N/A Negative Positive invA3+ 

L061 Gram 

Negative 
N/A Negative Positive invA3+ 

L070 Gram 

Negative 
N/A Negative Positive invA3+ 

L072 Gram 

Negative 
N/A Negative Positive invA3+ 

L075 Gram 

Negative 
N/A Negative Positive invA3+ 

L078 Gram 

Negative 
N/A Negative Positive invA3+ 

L079 Gram 

Negative 
N/A Negative Positive invA3+ 

N054 Gram 

Negative 
N/A Negative Positive invA3+ 

*N/A- not applicable. Not all samples were tested with API®. 

*invA3- this was the primer used to detect the invA3 gene specific for Salmonella.  

 

Table 2. Inhibition Zone Diameter Values of Salmonella enterica Isolates from Bovine for 

Selected Antibiotics 

 Antibiotic (μg) Zones of Inhibition (mm) 

Animal#Animal#Animal#Animal# AMP AMP AMP AMP 

((((10μg10μg10μg10μg)))) 

FOX FOX FOX FOX 

(30μg)(30μg)(30μg)(30μg) 

CHR CHR CHR CHR 

(30μg)(30μg)(30μg)(30μg) 

CIP (5μg)CIP (5μg)CIP (5μg)CIP (5μg) ERY ERY ERY ERY 

(15μg)(15μg)(15μg)(15μg) 

STP STP STP STP 

(300μg)(300μg)(300μg)(300μg) 

SXT SXT SXT SXT 

(1.25/23(1.25/23(1.25/23(1.25/23

.75μg).75μg).75μg).75μg) 

TE TE TE TE 

(30μg)(30μg)(30μg)(30μg) 

H119 8 (R) 11 (R) 8 (R) 33.5 (S) 15 (I) 8 (R) 20 (S) 8 (R) 

L119 8 (R) 14.5 (R) 8 (R) 33 (S) 15 (I) 8 (R) 20.5 (S) 8 (R) 

H029 8 (R) 13.5 (R) 8 (R) 31 (S) 13 (R) 8 (R) 22.5 (S) 8 (R) 

H031 8 (R) 15.5 (I) 8 (R) 31 (S) 13 (R) 8 (R) 24.5 (S) 8 (R) 

H032 8 (R) 13 (R) 8 (R) 27.5 (S) 12 (R) 8 (R) 22.5 (S) 8 (R) 

H033 8 (R) 13 (R) 8 (R) 27.5 (S) 12.5 (R) 8 (R) 21 (S) 8 (R) 

H054 23.5 (S) 23 (S) 30 (S) 35.5 (S) 15 (I) 16.5 (S) 26 (S) 20 (S) 
H060 22 (S) 24.5 (S) 25.5 (S) 34 (S) 11 (R) 13.5 (I) 24 (S) 20 (S) 
H062 25 (S) 23.5 (S) 29.5 (S) 37.5 (S) 15 (I) 16.5 (S) 24.5 (S) 21 (S) 
L028 8 (R) 13.5 (R) 8 (R) 34.5 (S) 14 (I) 8 (R) 22 (S) 8 (R) 

L053 21 (S) 21 (S) 26 (S) 30 (S) 10 (R) 15 (S) 23.5 (S) 19.5 (S) 
L055 22 (S) 22.5 (S) 25.5 (S) 35 (S) 15.5 (I) 15 (S) 25.5 (S) 21 (S) 
L056 21.5 (S) 20 (S) 26.5  (S) 32 (S) 11 (R) 15 (S) 22.5 (S) 19 (S) 
L060 22 (S) 22 (S) 28  (S) 33.5 (S) 14 (I) 16 (S) 25 (S) 21 (S) 
L061 23 (S) 22 (S) 26  (S) 33.5 (S) 15 (I) 17 (S) 25.5 (S) 20 (S) 
L070 21 (S) 23 (S) 26  (S) 35.5 (S) 11 (R) 14 (I) 23.5 (S) 20.5 (S) 
L072 20.5 (S) 24 (S) 24.5  (S) 34 (S) 11.5 (R) 14.5 (I) 22 (S) 19 (S) 
L075 21 (S) 23.5 (S) 25.5  (S) 34.5 (S) 11.5 (R) 13 (I) 21.5 (S) 19.5 (S) 
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L078 21.5 (S) 21.5 (S) 27  (S) 32 (S) 10.5 (R) 13 (I) 23.5 (S) 20.5 (S) 
L079 23 (S) 23.5 (S) 26  (S) 35 (S) 13 (R) 14.5 (I) 25 (S) 20 (S) 
N054 21.5 (S) 22 (S) 26  (S) 33 (S) 11 (R) 16 (S) 24 (S) 20 (S) 

-Breakpoints in millimeters (mm). AMP- Ampicillin ( ≤ 28), FOX- Cefoxitin ( ≤ 14), CHR-Chloramphenicol( ≤ 12),  

CIP- Ciprofloxacin ( ≤ 15), ERY- Erythromycin ( ≤ 13), STP- Streptomycin, ( ≤ 11),  SXT-Sulfamethoxazole/ 

Trimethoprim ( ≤ 10), TE- Tetracycline ( ≤ 14). 

 

Isolation of Salmonella from Caprine samples and their antibiotic resistance  

 The total number of Salmonella isolated from Caprine or goat were 16; 4 were from hide 

samples, and 12 from lymph nodes (Table 3). The 4 Salmonella positive hide isolates showed 

resistance to the following antibiotics: 2 to Ampicillin, 2 to Cefoxitin, 2 to Chloramphenicol, 3 to 

Erythromycin, 2 to Streptomycin, and 2 to Tetracycline (Table 4). The 12 Salmonella positive 

lymph node isolates showed resistance to the following antibiotics: 5 to Ampicillin, 5 to 

Cefoxitin, 5 to Chloramphenicol, 7 to Erythromycin, 6 to Streptomycin, and 6 to Tetracycline; 

and intermediate resistance to the following antibiotics: 5 to Erythromycin, 3 to Streptomycin 

and 1 to Tetracycline.  

The overall prevalence of Salmonella in Caprine 

 The type of livestock that showed the third highest number of Salmonella positive 

isolates was caprine or goat with 17.78% (16/90) positives (Table 3). Research in this aspect on 

caprine is limited and these small ruminants are not as commonly tested for the prevalence of 

antibiotic resistant foodborne pathogens in the industry like cattle, pigs or poultry; however, 

studies have indicated that Salmonella can be isolated from caprine. Igbinosa (2014) recovered 

relatively high prevalence of Salmonella positive isolates (45%) among goats in South Africa. 

Chandra et al. (2006) recovered Salmonella positive isolates (17.6%) from caprine in India that 

are similar to the results in this present study. On the other hand Kalambhe et al. (2016) and 

Mahmood et al. (2014) showed 0% and 0.1% Salmonella isolates from goats, respectively. 

Overall, lower levels of Salmonella from goats are more prevalent than a high recovery rate. 

Salmonella isolated from Caprine by sample type.  

 The sample type that recovered the highest incidence of Salmonella from caprine were 

lymph nodes (38.71%), followed by hide (13.33%), and no nasal swabs. Bosilevac et al. (2015) 

isolated a high prevalence of Salmonella positives (51.2%) from hide samples in caprine from 
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Saudi Arabia. In contrast, lower incidences of Salmonella (9.8%) were found in lymph nodes 

from goats in India (Chandra et al., 2006). There were limited studies that evaluated the 

prevalence of Salmonella from lymph nodes, hide, or nasal swabs from Caprine. 

The overall incidence of antibiotic resistant Salmonella in Caprine. 

 The overall prevalence of Salmonella antibiotic resistance from Caprine or goats in the 

16 positive isolates was 38.28% (Table 4). Ferede et al. (2015) isolated a very high prevalence of 

antibiotic resistant Salmonella from caprine in Ethiopia, and the most resistance was seen to 

tetracycline and nitrofurantoin. In an investigation by Igbinosa (2014), Salmonella positive 

isolates from caprine were tested against 16 antibiotics; a high incidence of Salmonella antibiotic 

resistance (41.72%) was seen, the most resistance was seen to Vancomycin and Oxacillin. This 

could be the case because there was a higher incidence of Salmonella positives isolated from 

cattle when compared to goats. 

 

The prevalence of antibiotic resistant Salmonella in Caprine by sample type.  

 The sample type that showed the most Salmonella antibiotic resistance from Caprine was 

hide (40.63%), followed by lymph nodes (37.5%), and no nasal swabs. Chandra et al. (2006) also 

isolated a high prevalence of multiple antibiotic resistant Salmonella (51.57%) from lymph 

nodes and gall bladder samples in India, and the most resistance was seen to nitrofurantoin. 

There were limited studies that showed antibiotic resistant Salmonella patterns in caprine lymph 

node samples and there is no literature that shows Salmonella resistant patterns in nasal swab or 

hide samples in caprine. More research on antibiotic resistant Salmonella patterns in different 

samples in caprine would be beneficial. 

 

Table 3. Confirmation of Salmonella Caprine/goat positive isolates using various assays. 

 
Animal #Animal #Animal #Animal # Gram Gram Gram Gram 

StainStainStainStain 

API API API API  OxidaseOxidaseOxidaseOxidase CatalaseCatalaseCatalaseCatalase PCRPCRPCRPCR 

H120 Gram 

Negative 
N/A* Negative Positive invA3+* 

L121 Gram 

Negative 
N/A Negative Positive invA3+ 

L122 Gram 

Negative 
N/A Negative Positive invA3+ 
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L123 Gram 

Negative 
N/A Negative Positive invA3+ 

H069 Gram 

Negative 
N/A Negative Positive invA3+ 

H107 Gram 

Negative 
N/A Negative Positive invA3+ 

H108 Gram 

Negative 
N/A Negative Positive invA3+ 

L047 Gram 

Negative 
N/A Negative Positive invA3+ 

L050 Gram 

Negative 
 + Negative Positive invA3+ 

L066 Gram 

Negative 
N/A Negative Positive invA3+ 

L067 Gram 

Negative 
N/A Negative Positive invA3+ 

L069 Gram 

Negative 
N/A Negative Positive invA3+ 

L080 Gram 

Negative 
N/A Negative Positive invA3+ 

L107 Gram 

Negative 
N/A Negative Positive invA3+ 

L110 Gram 

Negative 
N/A Negative Positive invA3+ 

L111 Gram 

Negative 
N/A Negative Positive invA3+ 

*N/A- not applicable. Not all samples were tested with API®. 

*invA3- this was the primer used to detect the invA3 gene specific for Salmonella.  

 

Table 4. Inhibition Zone Diameter Values of Salmonella enterica Isolates from Caprine for 

Selected Antibiotics. 

Antibiotic (μg) Zones of Inhibition (mm) 

Animal #Animal #Animal #Animal # AMP AMP AMP AMP 

((((10μg10μg10μg10μg)))) 

FOX FOX FOX FOX 

(30μg)(30μg)(30μg)(30μg) 

CHR CHR CHR CHR 

(30μg)(30μg)(30μg)(30μg) 

CIP (5μg)CIP (5μg)CIP (5μg)CIP (5μg) ERY ERY ERY ERY 

(15μg)(15μg)(15μg)(15μg) 

STP STP STP STP 

(300μg)(300μg)(300μg)(300μg) 

SXT SXT SXT SXT 

(1.25/23(1.25/23(1.25/23(1.25/23

.75μg).75μg).75μg).75μg) 

TE TE TE TE 

(30μg)(30μg)(30μg)(30μg) 

H120 20.5 (S) 21.5 (S) 25.5 (S)  34.5  (S) 11 (R) 15 (S) 21.5 (S) 20 (S) 
L121 21 (S) 22 (S) 26 (S)  35  (S) 12 (R) 12 (I) 24 (S) 18 (I) 
L122 22.5 (S) 23.5 (S) 27 (S)  36.5  (S) 14.5 (I) 8  (R) 25.5 (S) 8  (R) 

L123 22.5 (S) 24 (S) 27 (S)  36.5  (S) 13  (R) 13 (I) 25 (S) 19.5  (S) 
H069 23.5 (S) 24 (S) 27 (S)  36.5  (S) 15.5 (I) 17 (S) 26 (S) 21.5  (S) 
H107 8 (R) 11 (R) 8 (R)  25.5  (S) 12  (R) 8 (R) 21 (S) 8  (R) 

H108 11 (R) 9.5 (R) 11 (R)  30.5  (S) 11  (R) 8 (R) 20.5 (S) 8  (R) 

L047 8 (R) 14 (R) 8 (R)  32  (S) 12.5  (R) 8 (R) 19.5 (S) 8  (R) 

L050 8 (R) 14 (R) 8 (R)  34.5  (S) 12  (R) 8 (R) 22 (S) 8  (R) 
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L066 25 (S) 23.5 (S) 28 (S)  36  (S) 14.5 (I) 15.5 (S) 25 (S) 21  (S) 
L067 8 (R) 10.5 (R) 8 (R)  34.5  (S) 15 (I) 8  (R) 21 (S) 8  (R) 

L069 21.5 (S) 22.5 (S) 25.5 (S)  35.5  (S) 12.5 (R) 16 (S) 24.5 (S) 21  (S) 
L080 21.5 (S) 23 (S) 24 (S)  32  (S) 10 (R) 13.5 (I) 23 (S) 19.5  (S) 
L107 8 (R) 12.5 (R) 8 (R)  34  (S) 15 (I) 8 (R) 21 (S) 8  (R) 

L110 8 (R) 10.5 (R) 8 (R)  33  (S) 14 (I) 8 (R) 20 (S) 8  (R) 

L111 25 (S) 24.5 (S) 26.5 (S)  35  (S) 12  (R) 15.5 (S) 26 (S) 21 (S) 
-Breakpoints in millimeters (mm). AMP- Ampicillin ( ≤ 28), FOX- Cefoxitin ( ≤ 14), CHR-Chloramphenicol( ≤ 12),  

CIP- Ciprofloxacin ( ≤ 15), ERY- Erythromycin ( ≤ 13), STP- Streptomycin, ( ≤ 11),  SXT-Sulfamethoxazole/ 

Trimethoprim ( ≤ 10), TE- Tetracycline ( ≤ 14). 

 

Isolation of Salmonella from Ovine samples and their antibiotic resistance  

 The total number of Salmonella positives isolated from Ovine or Sheep/Lamb were 5; 1 

was from a hide sample, and 4 from lymph nodes (Table 5).  There was one Salmonella positive 

isolated from a hide sample that showed resistance to Erythromycin (Table 6). There were 4 

Ovine Salmonella positives isolated from lymph node samples that showed resistance to the 

following antibiotics: 2 to Ampicillin, 2 to Cefoxitin, 2 to Chloramphenicol, 4 to Erythromycin, 

3 to Streptomycin, and 2 to Tetracycline.  

The overall prevalence Salmonella in Ovine 

 The source that harbored the lowest number of Salmonella isolates was ovine or sheep 

with 5.81% (5/86). However, there was a surveillance study done in the United States where 

26.9% positive Salmonella isolates were recovered from sheep (Dargatz et al., 2015). Our 

findings were similar to others where 1.3-1.5% samples that were positive for Salmonella were 

found from ovine sources in Iceland and Ontario (Hjartardóttir et al., 2002; Scott et al., 2012). 

Moo et al. (1980) also found a low prevalence of positive Salmonella (4%) samples collected 

from ovine lymph nodes in Queensland, Australia. In Ethiopia, Molla et al., (2006), also found a 

low prevalence of Salmonella positive (2.9%) samples from ovine. 

Salmonella isolated from Ovine by sample type 

 The sample type that showed the highest incidence of Salmonella from ovine was lymph 

nodes (14.29%), followed by hide (3.57%), and no nasal swabs were positive for Salmonella. In 

Iceland, Hjartardóttir et al. (2002)isolated a low prevalence of Salmonella (8.33%) from tonsils 
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of ovine. In contrast, a study done in Saudi Arabia by Bosilevac et al. (2015), showed a high 

prevalence of Salmonella positive isolates (60.2%) from hide samples in ovine. 

The overall incidence of antibiotic resistant Salmonella in Ovine 

 The overall prevalence of antibiotic resistance among Salmonella isolated from ovine in 

the 5 positive isolates was 40% (Table 6). Zare et al. (2014) isolated multiple antibiotic resistant 

Salmonella (57.1%) from ovine, porcine, and bovine combined in Iran. In Ethiopia, antibiotic 

resistant Salmonella positives (31.8%) were isolated from various sample types from ovine and 

caprine combined (Molla et al., 2006). 

The prevalence of antibiotic resistant Salmonella isolated from Ovine by sample type 

 The sample type that showed the most incidence of Salmonella antibiotic resistance from 

ovine was lymph nodes (46.88%) and then hide (12.5%). Many researchers were unable to 

isolate antibiotic resistant Salmonella from ovine animals (Dargatz et al., 2015; Scott et al., 2012; 

Zweifel et al., 2004). A majority of the current literature and studies on the prevalence of 

antibiotic resistant Salmonella from small ruminants are very limited, and the majority of the 

studies were evaluating fecal samples in Caprine and Ovine ( Davies et al., 2004; Molla et al., 

2006; Scott et al., 2012). Additional research on detecting the prevalence of antibiotic resistant 

Salmonella isolated from various sample types, such as lymph nodes, nasal swabs, and hide 

samples, from small ruminants would be beneficial for surveillance and monitoring antibiotic 

resistance. The current study shows that antibiotic resistant Salmonella can be isolated from 

various samples in small ruminants.   

 

Table 5. Confirmation of Salmonella Ovine/sheep positive isolates using various assays. 

 

Animal #Animal #Animal #Animal # Gram StainGram StainGram StainGram Stain API® API® API® API®  OxidaseOxidaseOxidaseOxidase CatalaseCatalaseCatalaseCatalase PCRPCRPCRPCR 

H017 Gram 

Negative 
 + Negative Positive invA3+* 

L043 Gram 

Negative 
N/A* Negative Positive invA3+ 

L044 Gram 

Negative 
N/A Negative Positive invA3+ 

L113 Gram 

Negative 
N/A Negative Positive invA3+ 
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L115 Gram 

Negative 
N/A Negative Positive invA3+ 

*N/A- not applicable. Not all samples were tested with API®. 

*invA3- this was the primer used to detect the invA3 gene specific for Salmonella.  

 

Table 6. Inhibition Zone Diameter Values of Salmonella enterica Isolates from Ovine for 

Selected Antibiotics. 

Antibiotic (μg) Zones of Inhibition (mm) 

Animal#Animal#Animal#Animal# AMP AMP AMP AMP 

((((10μg10μg10μg10μg)))) 

FOX FOX FOX FOX 

(30μg)(30μg)(30μg)(30μg) 

CHR CHR CHR CHR 

(30μg)(30μg)(30μg)(30μg) 

CIP CIP CIP CIP 

(5μg)(5μg)(5μg)(5μg) 

ERY ERY ERY ERY 

(15μg)(15μg)(15μg)(15μg) 

STP STP STP STP 

(300μg)(300μg)(300μg)(300μg) 

SXT SXT SXT SXT 

(1.25/23.(1.25/23.(1.25/23.(1.25/23.

75μg)75μg)75μg)75μg) 

TE TE TE TE     

(30μg)(30μg)(30μg)(30μg) 

H017 23.5 (S) 25.5 (S) 27.5 (S) 35.5 (S) 12.5 (R) 15 (S) 25.5 (S) 21 (S) 
L043 8 (R) 13.5 (R) 8 (R) 30 (S) 12.5 (R) 8 (R) 20.5 (S) 8 (R) 

L044 8 (R) 13.5 (R) 8 (R) 33 (S) 12.5 (R) 8 (R) 21.5 (S) 8 (R) 

L113 24 (S) 24 (S) 26 (S) 30.5 (S) 11.5 (R) 15.5 (S) 25.5 (S) 20 (S) 
L115 22 (S) 22.5 (S) 27 (S) 30.5 (S) 10.5 (R) 11.5 (R) 24.5 (S) 20 (S) 

-Breakpoints in millimeters (mm). AMP- Ampicillin ( ≤ 28), FOX- Cefoxitin ( ≤ 14), CHR-Chloramphenicol( ≤ 12),  

CIP- Ciprofloxacin ( ≤ 15), ERY- Erythromycin ( ≤ 13), STP- Streptomycin, ( ≤ 11),  SXT-Sulfamethoxazole/ 

Trimethoprim ( ≤ 10), TE- Tetracycline ( ≤ 14). 

Isolation of Salmonella from Porcine samples and their antibiotic resistance. 

 The total number of Salmonella positives isolated from Porcine or Pig livestock animals 

were 18; 5 were from hide samples, 9 from lymph nodes, and 4 from nasal swabs (Table 7). Of 

the 5 Salmonella positive isolates from hide, the following antibiotic resistance patterns were 

seen: 1 to Cefoxitin, and 5 to Erythromycin (Table 8). Salmonella isolated from hide samples in 

porcine showed 3 incidences of intermediate resistance to Streptomycin.  

The 9 Salmonella positive lymph isolates from lymph nodes showed resistance to the following 

antibiotics: 5 to Ampicillin, 4 to Cefoxitin, 4 to Chloramphenicol, 8 to Erythromycin, 4 to 

Streptomycin, and 4 to Tetracycline; and intermediate resistance in the following: 1 to 

Erythromycin, 4 to Streptomycin and 1 to Tetracycline.  

There were four Salmonella positive nasal swab isolates that showed resistance to the following 

antibiotics: 1 to Ampicillin, 1 to Cefoxitin, 1 to Chloramphenicol, 4 to Erythromycin, 1 to 

Streptomycin, 1 to Sulfamethoxazole/trimethoprim, and 1 to Tetracycline; and intermediate 

resistance to: 3 to Streptomycin and 1 to Tetracycline. 
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The overall prevalence of Salmonella in Porcine. 

 The livestock source that harbored the second highest number of Salmonella isolates was 

porcine or pigs 18.75% (18/96). In contrast to the current study, Davies et al., (2004) showed a 

high prevalence of Salmonella positive isolates (28.38%) from porcine in Great Britain. A study 

from China showed that porcine had a high prevalence of Salmonella positive isolates (26.56%) 

(Kuang et al., 2015). Kalambhe et al. (2016) in India recovered overall low numbers of 

Salmonella positives (6%) isolated from porcine. Bywater et al. (2004) found a very low 

prevalence of Salmonella (4.5%) among porcine in Europe. 

Salmonella isolated from Porcine by sample type. 

 The sample type that recovered the highest incidence of Salmonella from porcine was 

lymph nodes (28.13%), followed by hide (15.63%), and then nasal swabs (12.5%). 

Porcine lymph nodes with high percent Salmonella positives were found in Mexico (20.59%) 

and Thailand (26%), respectively (Gragg et al., 2013; Padungtod & Kaneene, 2006). Moo et al. 

(1980) isolated a slightly lower amount of Salmonella positives (18%) from porcine lymph nodes 

in Australia. In contrast, lower incidences of Salmonella (8%) were found in lymph nodes from 

pigs in Italy, respectively (Merialdi et al., 2008). In contrast, Garg and Sharma (1979) isolated a 

very low amount (2.9%) of Salmonella positive nasal swabs from piglets. 

The overall incidence of antibiotic resistant Salmonella in Porcine. 

 The overall prevalence of antibiotic resistant Salmonella from porcine in the 18 positive 

isolates was 32.64% (Table 8). In Europe, Bywater et al. (2004), showed a lower prevalence of 

Salmonella antibiotic resistance (19.1%) isolated from porcine in comparison to the current 

study, and the most resistance was seen to Tetracycline and Sulfamethoxazole/Trimethoprim. In 

a study by Kalambhe et al. (2016), a lower incidence of Salmonella antibiotic resistance 

(33.33%) was found in porcine in India, and the most resistance was seen to Tetracycline. Kuang 

et al. (2015) in China, showed a low incidence of Salmonella antibiotic resistance (22.40%) 

isolated from porcine, and the most resistance was seen to Sulfamethoxazole/Trimethoprim and 

Nalidixic acid.   

The prevalence of antibiotic resistant Salmonella in Porcine by sample type.  

 The sample type in porcine that showed the highest Salmonella antibiotic resistance was 

lymph nodes (43.1%), followed by nasal swabs (31.25%), and then hide (15%). In Kenya, Shah 
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et al., (2016) recovered a high incidence of multiple antibiotic resistant Salmonella isolates 

(94.7%) from porcine lymph nodes, and the most resistance was seen to Penicillin G and 

Streptomycin. A study done in Colombia showed that pigs had a slightly lower incidence (37%) 

of antibiotic resistant Salmonella from lymph nodes in comparison to this study (Pulecio-Santos 

et al., 2015b). Additional research on detecting the prevalence of antibiotic resistant Salmonella 

isolated from various sample types, such as nasal swabs, and hide samples, from porcine would 

be beneficial for surveillance and monitoring antibiotic resistance. The current study shows that 

antibiotic resistant Salmonella can be isolated from various samples in porcine. No studies were 

found where antibiotic resistant Salmonella was isolated from nasal swabs or hide samples. 

 

Table 7. Confirmation of Salmonella Porcine/pig positive isolates using various assays. 

 

Animal#Animal#Animal#Animal# Gram StainGram StainGram StainGram Stain API® API® API® API®  OxidaseOxidaseOxidaseOxidase CatalaseCatalaseCatalaseCatalase PCRPCRPCRPCR 

H089 Gram 

Negative 
N/A* Negative Positive invA3+* 

H091 Gram 

Negative 
N/A Negative Positive invA3+ 

H094 Gram 

Negative 
N/A Negative Positive invA3+ 

L003 Gram 

Negative 
 + Negative Positive invA3+ 

L090 Gram 

Negative 
N/A Negative Positive invA3+ 

L093 Gram 

Negative 
N/A Negative Positive invA3+ 

L095 Gram 

Negative 
N/A Negative Positive invA3+ 

L127 Gram 

Negative 
N/A Negative Positive invA3+ 

N090 Gram 

Negative 
 + Negative Positive invA3+ 

N092 Gram 

Negative 
N/A Negative Positive invA3+ 

N096 Gram 

Negative 
N/A Negative Positive invA3+ 

N126 Gram 

Negative 
N/A Negative Positive invA3+ 

H041 Gram 

Negative 
N/A Negative Positive invA3+ 
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H085 Gram 

Negative 
N/A Negative Positive invA3+ 

L057 Gram 

Negative 
N/A Negative Positive invA3+ 

L059 Gram 

Negative 
N/A Negative Positive invA3+ 

L084 Gram 

Negative 
N/A Negative Positive invA3+ 

L085 Gram 

Negative 
N/A Negative Positive invA3+ 

*N/A- not applicable. Not all samples were tested with API®. 

*invA3- this was the primer used to detect the invA3 gene specific for Salmonella.  

 

Table 8. Inhibition Zone Diameter Values of Salmonella enterica Isolates from Porcine for 

Selected Antibiotics. 

Antibiotic (μg) Zones of Inhibition (mm) 

 

Animal#Animal#Animal#Animal# AMP AMP AMP AMP 

((((10μg10μg10μg10μg)))) 

FOX FOX FOX FOX 

(30μg)(30μg)(30μg)(30μg) 

CHR CHR CHR CHR 

(30μg)(30μg)(30μg)(30μg) 

CIP (5μg)CIP (5μg)CIP (5μg)CIP (5μg) ERY ERY ERY ERY 

(15μg)(15μg)(15μg)(15μg) 

STP STP STP STP 

(300μg)(300μg)(300μg)(300μg) 

SXT SXT SXT SXT 

(1.25/23(1.25/23(1.25/23(1.25/23

.75μg).75μg).75μg).75μg) 

TE TE TE TE 

(30μg)(30μg)(30μg)(30μg) 

H089 23 (S) 22 (S) 25.5 (S) 33.5 (S) 11 (R) 13.5 (I) 24.5 (S) 20.5 (S) 
H091 25 (S) 21.5 (S) 27 (S) 34 (S) 11 (R) 15 (S) 25 (S) 20.5 (S) 
H094 21.5 (S) 22 (S) 26 (S) 30.5 (S) 12 (R) 12.5 (I) 23.5 (S) 19 (S) 
L003 24.5 (S) 23.5 (S) 27.5 (S) 32.5 (S) 13.5 (R) 13 (I) 26 (S) 20.5 (S) 
L090 11 (R) 11 (R) 8 (R) 30 (S) 11 (R) 8 (R) 22.5 (S) 8 (R) 

L093 8 (R) 12 (R) 8 (R) 29 (S) 11.5 (R) 8 (R) 21 (S) 8 (R) 

L095 24 (S) 23 (S) 27 (S) 30 (S) 11.5 (R) I (14 (I) 24.5 (S) 19.5 (S) 
L127 8 (R) 22 (S) 27 (S) 34.5 (S) 14.5 (I) 8 (R) 21 (S) 8 (R) 

N090 8 (R) 11 (R) 11 (R) 31 (S) 8 (R) 8 (R) 22 (S) 8 (R) 

N092 24 (S) 21 (S) 26.5 (S) 31.5 (S) 12 (R) 13.5 (I) 25.5 (S) 19.5 (S) 
N096 21.5 (S) 22 (S) 24.5 (S) 34 (S) 10 (R) 12 (I) 23.5 (S) 19 (S) 
N126 21 (S) 23 (S) 26 (S) 23.5 (S) 12.5 (R) 12.5 (I) 12.5 (R) 18.5 (I) 
H041 23 (S) 22.5 (S) 25.5 (S) 32.5 (S) 11.5 (R) 14 (I) 25 (S) 19.5 (S) 
H085 19 (S) 13.5 (R) 23 (S) 34 (S) 11 (R) 15 (S) 24 (S) 19 (S) 
L057 8 (R) 13 (R) 8 (R) 27 (S) 12 (R) 8 (R) 21 (S) 8 (R) 

L059 8 (R) 13 (R) 8 (R) 32.5 (S) 12 (R) 8 (R) 20 (S) 8 (R) 

L084 21 (S) 22 (S) 25.5 (S) 32.5 (S) 10.5 (R) 14 (I) 22.5 (S) I (18 (I) 
L085 21 (S) 25 (S) 26 (S) 36 (S) 10.5 (R) 14.5 (I) 24.5 (S) 19.5 (S) 

-Breakpoints in millimeters (mm). AMP- Ampicillin ( ≤ 28), FOX- Cefoxitin ( ≤ 14), CHR-Chloramphenicol( ≤ 12),  

CIP- Ciprofloxacin ( ≤ 15), ERY- Erythromycin ( ≤ 13), STP- Streptomycin, ( ≤ 11),  SXT-Sulfamethoxazole/ 

Trimethoprim ( ≤ 10), TE- Tetracycline ( ≤ 14). 
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Overall prevalence of Salmonella and their antibiotic resistant patterns based 

on animal and sample type. 

 

 A total of 16.26% (60/369) of all livestock samples evaluated in this study were positive 

for Salmonella. A total of 41.09% (53/129) of animals were positive for Salmonella. The animal 

type that showed the highest recovery of Salmonella was bovine (21.65%), porcine (18.75%), 

followed by caprine (17.75%), and then ovine (5.81%). The livestock animal type that showed 

the most antibiotic resistance among Salmonella was caprine (49), porcine (47), followed by 

bovine (47), and then ovine (16) (Figure 3). The overall distribution of positives among animal 

type was fairly uniform in exception to ovine. Overall the sample type collected from livestock 

that harbored the most Salmonella was lymph nodes (37), followed by hide (18), and then nasal 

swabs (11). The sample type collected from livestock animals that harbored the highest number 

of antibiotic resistant Salmonella was lymph nodes (97), followed by hide (49), and then nasal 

swabs (11) (Figure 3). The samples collected in this study were from different animals within 

one year period. For the overall patterns, caprine and bovine showed the most resistance and 

prevalence of Salmonella among all animal types evaluated. The sample type that showed the 

highest resistance and prevalence of Salmonella was lymph nodes. 

Conclusion 

In conclusion, this study provides information on the prevalence of antibiotic resistant 

Salmonella in cattle, sheep, pigs, and goats in various regions of Arizona and southern New 

Mexico. A total of 60 isolates were positive for Salmonella from a total of 369 isolates; 53 out of 

129 animals were Salmonella positive. The animal type that harbored the most Salmonella 

overall were Bovine/cattle and the sample type that harbored the most Salmonella overall were 

lymph nodes. Out of 60 positive isolates a minimum of 53 of these showed resistance to at least 

one antibiotic. Salmonella antibiotic resistance was seen in every type of animal and sample type 

but was most prevalent in sheep/cattle and lymph nodes/hide. The results obtained can give 

additional information to the livestock industry and the public about the growing problem of 

antibiotic resistance in general and especially in food animals. Livestock animals are a source of 

foodborne pathogens and are able to carry multiple antibiotic resistant bacteria. There is evidence 
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that antibiotic resistant Salmonella are present in various livestock animals raised in areas of 

Arizona and Southern New Mexico. Due to the prevalence of antibiotic resistant Salmonella in 

food animals, care should be taken by the industry to reduce the use of antibiotics in livestock. 
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Figure 1. Prevalence of Salmonella in All Animals Based on Sample and 

Animal Type.  
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Figure 2. Antibiotic resistance patterns in Salmonella isolated from all 

Animals Based on Sample and Animal Type. 
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An evaluation of the prevalence of antibiotic resistance 

among Staphylococcus aureus isolated from various food 

animals. 

Abstract 

 Antibiotic resistant bacteria have become a major public health concern due to the 

overuse of antibiotics in food animals. According to the CDC, about 70% of antibiotics 

dispensed yearly throughout the United States are distributed to the livestock industry. The 

frequent consumption of antibiotics by food animals plays a major role in the development of 

antibiotic resistant foodborne pathogens. These animals harbor foodborne pathogens that 

generally do not affect the animals themselves but are harmful to the people exposed. The 

problem occurs when treatment becomes difficult. Staphylococcus aureus is a pathogen that can 

be isolated from livestock and cause serious illness in humans. 

 Objectives of this study include isolating S. aureus from samples collected from food 

animals and investigating the prevalence of antibiotic resistance in the confirmed S. aureus 

isolates from a non-commercial USDA inspected facility from various areas of Arizona and 

Southern New Mexico.  

 In this study, samples were collected from various food animals post-harvest at a non-

commercial harvest facility in Arizona and evaluated for the presence of S. aureus. 

Staphylococcus was isolated from three different types of samples per animal including nasal 

swabs, hide, and sub iliac and mesenteric lymph nodes. Samples were collected from 129 

animals of the following types: Bovine (cow), Caprine (goat), Ovine (sheep), and Porcine (pig). 

Each sample was cultured separately in enrichment media and selective/differential media. Once 

the pathogen was confirmed via PCR and other biochemical tests, an antibiotic susceptibility test 

was performed to check the resistance characteristics of each isolate. The pathogen was exposed 

to antibiotics commonly used among animals and humans via the disc diffusion assay. 

 

 



77 
 
 
 A total of 59 of 369 samples were confirmed positive for S. aureus collected from a total 

of 129 animals. Of these S. aureus isolates, 43 showed resistance to at least one type of 

antibiotic. The results showed that there are antibiotic resistant S. aureus found in food animals 

and 43 of these S. aureus isolates were resistant to a minimum of at least one antibiotic, many 

were multidrug resistant. Resistant bacteria could also spread the resistance to other bacteria they 

come in contact with. Appropriate control measures are needed to mitigate the problem of 

antibiotic resistant bacteria among food animals.  

Introduction 

 Antibiotic resistance is a major public health concern that does not appear improve in the 

near future. It is a growing problem worldwide and antibiotic resistant bacteria are the cause of 

an estimated 700,000 deaths annually in the world. (Mckenna, 2014; WHO, 2016). The CDC 

estimates that 23,000 human deaths occur yearly in the United States due to antibiotic resistant 

bacterial infections (CDC, 2016a). Annually, according to the CDC, about 48 million people in 

the United States become ill due to foodborne infections. Bacteria are one of the main causes of 

foodborne illnesses, and many of these pathogens come in contact with foods from animal 

contamination, wild animals or livestock, during the production and processing of food (CDC, 

2015a). These bacterial foodborne pathogens that are from animal origin especially from 

livestock have been found to show patterns of antibiotic resistance. It has been shown that the 

use of antibiotics to maintain their health and increase production in food animals has led to the 

creation of antibiotic resistant bacteria (CDC, 2015d). About 15.4 million kilograms of 

antibiotics in the United States are distributed annually to the animal production industry, 

increasing the chances of development of resistant bacteria in the digestive tract of food animals 

(FDA, 2015). These resistant foodborne pathogens can then be transferred to humans via human 

to animal contact, contaminated food products, and environmental contact (Yamamoto et al., 

2014). This then becomes a major public health concern when trying to treat people with an 

antibiotic resistant infection, or treatment may be prolonged until the correct antibiotic is found 

and is effective in treating the infection (CDC, 2015b). Although it is believed that there is no 

direct connection between people acquiring antimicrobial/antibiotic resistant pathogens and 

animals. Studies have shown that there is a very strong correlation that resistant foodborne 
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pathogens that cause illness in humans were isolated from food production animals in Europe, 

where antibiotic use in livestock is closely monitored (Vieira et al., 2011).  

 Staphylococcus aureus is a foodborne pathogen and a pathogen of clinical significance 

that causes severe and minor problems in humans. S. aureus is commonly found on 20% of skin 

and 30% of nasal passages of healthy humans, and can also be found on animals (Bush, 2016). 

According to The Nationwide Inpatient Sample Healthcare Cost and Utilization Project (NIS, 

HCUP), in 2009 in the United States it is estimated that all infections caused by S. aureus 

resulted in about 700,000 hospitalizations (Klein et al., 2007; NIS HCUP Database, 2016).  

It was estimated by the CDC that reported cases of foodborne S. aureus were responsible for 

1,064 hospitalizations, 6 deaths, and 241,000 illnesses in the United States, in 2006 (Scallan et 

al., 2011a). S. aureus is zoonotic and animals such as cattle, goat, and various types of livestock 

can act as reservoirs (Fitzgerald et al., 2001; Smith, 2015). This is a food safety concern in 

regards to dairy products contaminated with S. aureus from an animal source. S. aureus can be 

transmitted via the environment (air, water, and soil), human-animal contact, human-human 

contact, and contaminated foods (Bush, 2016; T. Smith, 2015). 

 S. aureus is also known for its increasing antibiotic resistance patterns.  An example of a 

resistant Staphylococcus is Methicillin resistant Staphylococcus aureus (MRSA) which is of 

concern in hospitals. According to the CDC, MRSA is responsible for 80,400 infections and 

11,280 deaths annually in the U.S (CDC, 2013a). A Livestock-Associated Methicillin resistant 

Staphylococcus aureus (LA-MRSA) recently isolated from pigs and other livestock is also 

transmissible to humans (Ballhausen et al., 2014; Cuny et al., 2013; Schijffelen et al., 2010). LA- 

MRSA CC/ST398 was first reported in France in 2005 from pigs and is currently found 

worldwide due to the over use of antibiotics in food production animals (Armand-Lefevre et al., 

2005; Khanna et al., 2008). S. aureus has been recently isolated from various types of livestock 

in countries like Africa and Europe, and many of these isolates are found to be resistant to 

antibiotics and a risk to people (Huber et al., 2009; Merialdi et al., 2008; Nemeghaire et al., 

2014; Tanih et al., 2015). Although research has been ongoing on this topic, antibiotic resistant 

pathogens in food animals and their overall effect on public health, food animals, and the 

environment is still inconclusive (Aarestrup et al., 1999). 

 Objectives of this study include isolating S. aureus from various samples collected from 

food animals harvested in a non-commercial USDA inspected processing plant and investigating 
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the prevalence of antibiotic resistance in the confirmed Staphylococcus aureus isolates from 

livestock raised in various regions of Arizona and Southern New Mexico.  

Materials and Methods 

Bacterial Cultures and Media Used   

 The positive control used in this study was S. aureus subsp. aureus Rosenbach ATCC® 

43300™. Media used for plating the S. aureus positive control included Mannitol Salt Agar 

(MSA) (Criterion. Hardy Diagnostics. Santa Maria, CA. USA), Tryptic Soy Agar (TSA), and 

DNAse Agar with Methyl Green (Difco™- Becton, Dickinson and Company (BD) Sparks, MD. 

USA).  One hundred microliters of the control culture was revived in 9 ml of Tryptic Soy Broth 

(TSB) (BD) by incubating at 37˚C for 18-24 hours. 

Collection of Samples  

 Samples were collected from 129 livestock animals (33 bovine, 35 porcine, 30 ovine and 

31 caprine) from a non-commercial, USDA inspected animal harvesting and processing facility 

in Arizona. The animals sampled were raised in various areas of Arizona and Southern New 

Mexico. Three samples were collected from each animal post-harvest including a nasal swab, 

mesenteric and subiliac lymph nodes, and hide (taken from the rump, feet (skin above the 

hooves), or belly area of the animal-the area most prone to contamination). These samples were 

chosen based on previous studies in addition to natural niches where S. aureus can be found on 

humans and other mammals (Jian-jun, 2008; Lacey, 2015; Nadimpalli et al., 2016). Hide and 

lymph node samples were collected in clear sterile sampling bags (VWR, Randor, PA. USA) or 

stomacher bags and nasal swabs were collected using autoclaved swabs that were kept in sterile 

15 mL centrifuge tubes (VWR). Immediately after collection, the samples were brought to the 

Ravishankar microbiology laboratory for further processing.  

Enrichment of Samples and Isolation/Confirmation of S. aureus 

 Ten grams of each sample (hide and lymph nodes) were weighed in a stomacher bag and 

90 ml of Universal Pre-enrichment Broth (Difco™- Becton, Dickinson and Company (BD) 

Sparks, MD. USA) was added. The sample was stomached for 1 min in the Stomacher Lab-

Blender 400 (Tekmar Company, Cincinnati, OH, USA). Samples were then incubated at 37˚C 

for 18-24 hours. Nasal swabs were kept in sterile 15 ml centrifuge tubes and 9 ml of UPB 
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(Difco™-BD) was added, then vortexed (VWR analog vortex mixer. Randor, PA. USA) for 1 

minute and incubated at 37˚C for 18-24 hours. The nasal swab positive control consisted of a 

sterile swab dipped in overnight culture of S. aureus and vortexed in 9 ml of UPB. The lymph 

node and hide samples for the positive controls were immersed in boiling water for 15 seconds to 

remove any surface bacteria present and were then inoculated with a minimum of 1 ml, or 

enough to cover the surface of each sample, of the overnight culture of S. aureus ATCC® 

43300™ culture. The positive controls were also transferred to a sterile stomacher bag, 90 ml of 

UPB was added and the contents stomached for 1 min followed by incubation for 18-24 hours at 

37˚C. 1 milliliter of each sample-UPB suspension was transferred to 9 milliliters of Universal pre 

enrichment broth (Difco™-BD) with 6.5% sodium chloride (BDH® VWR. Radnor, PA. USA) 

and was incubated at 37˚C for 18-24 hours.  After incubation, samples were transferred to 30% 

glycerol tubes and stored at -20˚C. From the UPB with 6.5% NaCl a sterile loopful of sample 

was streaked on to Mannitol salt agar (MSA) (Criterion. Hardy Diagnostics. Santa Maria, CA. 

USA) to obtain isolated colonies following incubation for 24-48 hours at 37˚C. Single Mannitol 

fermenting, round, yellow to orange isolated colonies were then transferred to MSA and DNAse 

Agar with Methyl Green (Difco™- Becton, Dickinson and Company (BD) Sparks, MD. USA) 

by using a patch plating technique. Each MSA and DNAse plate was divided into 8 sections, 

allowing 8 isolated colonies to grow on each corresponding plate. MSA and DNAse plates were 

incubated for 18 to 24 hours at 37˚C. DNAse and MSA positives were streaked for isolation on 

to TSA which was then incubated for 18 to 24 hrs at 37˚C. A loop-full of pure colony (from the 

DNAse and MSA positive sample) from TSA was then dispensed into an autoclaved test 

tube containing 0.5 ml of reconstituted rabbit plasma (Difco™-BD) for coagulase testing. 

 Samples were then incubated for 4 hours at 37°C. After 4 hours samples were determined 

to be coagulase positive or negative if a clot was formed in the plasma. Coagulase samples were 

left out for an additional 24 hours at room temperature to see if any additional clot formation 

occurred. Samples that were positive for MSA, DNAse, and coagulase were stored in a 30% 

glycerol solution at -20°C. The positives were transferred to glycerol in the following way: a 

single colony was taken from TSA and transferred using a sterile loop into 9 milliliters of UPB 

and incubated for 18 to 24 hours at 37°C. Five hundred microliters of the overnight culture was 

then transferred to five hundred microliters of 60% glycerol and stored at -20˚C. The following 

tests/methods of identification were done for additional confirmation: Gram staining (Harleco 
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EMD, USA), API® (BioMérieux. Durham, NC. USA); Catalase test (Hydrogen Peroxide. CVS. 

Woonsocket, RI), where a loopful of fresh colonies from TSA were put in peroxide on a clean 

glass slide to test for the presence of the catalase enzyme; (S. aureus is positive for the 

production of catalase); Oxidase test (BD. Sparks, MD), where a loopful of fresh colonies were 

put on Whatman paper on a clean surface and the oxidase reagent was added to the colonies on 

the paper to detect the presence of the oxidase enzyme; S. aureus is negative for the production 

of catalase. PCR and DNA sequencing were performed as a final step for the confirmation of S. 

aureus. 

DNA Isolation 

 A modified efficient protocol for staphylococcal DNA extraction was used to isolate 

DNA for PCR (Unal et al., 1992). 300μl of overnight culture from TSB was harvested and 

centrifuged for 30 sec in a micro centrifuge max speed (Eppendorf North America. Hauppauge, 

NY. Microfuge model 4515, 16000 x g). The supernatant was discarded and cells were washed 

in 300μl of 1x PBS and were then centrifuged for 30 seconds. The 1x PBS supernatant was 

discarded and the pellet was suspended in 50 μl of Lysostaphin (100 μl/ml in water; Sigma. St. 

Louis, MO), then incubated at 37℃ for 20 min. After 20 min 50 μl of proteinase K solution 

(100μl/ml; Sigma Aldrich. St. Louis, MO) and 150 μl of 0.1M Tris buffer solution, pH 7.4 

(VWR amresco. St. Louis, MO) were added to the cell suspensions and incubated at 37℃ for an 

additional 20 min. Samples were then boiled on a dry block for 7 min and used immediately after 

the sample reached room temperature; 10 μl of sample was used to run a PCR reaction. DNAse 

activity was best prevented using liquid media. 

 Ten µl were transferred from the lysed cells and 40 µl of master mix was added in a 

sterile PCR tube for a total PCR volume of 50 μl. The master mix was made of the following: 

TaKaRa Ex Taq® (Takara Bio Inc. Japan) - 2 µl, 10X Ex Taq Buffer (Mg2+ plus) - 40 µl, dNTP 

Mixture- 32 µl, Forward primer 16s (10ηm) - 8 µls, Reverse primer 16s (10ηm) - 8 µl, and 

Nuclease Free Sterile Water (Fischer Scientific, Fair Lawn, NJ. USA) - 230 µl. Then 10 µl of 

DNA template was added to a sterile PCR tube containing 40 µl of master mix for a total volume 

of 50 µl per sample for the PCR reaction. The primers used in the master mix were Invitrogen 

16s rRNA gene (Invitrogen, Carlsbad, CA, USA) (forward primer 16s-F [5’-

AGAGTTTGATCCTGGCTCAG-3’] and reverse primer 16s-R [5’-
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ACGGCTACCTTGTTACGACTT-3’]). These are standard primers for sequencing bacteria, 

including S. aureus (Chakravorty et al., 2007).  

PCR Amplification and Gel Electrophoresis 

 The Mastercycler 5333 Eppendorf (Thermocycler) (Eppendorf. Westbury, NY, USA) 

was used for polymerase chain reaction (PCR). The Thermocycler was set at 94˚C for 3 min for 

initial incubation for one cycle then, denaturation at 94˚C for 30 sec, primer annealing at 49˚C 

for 45 sec, and primer extension at 72˚C for 1 min for 36 cycles for denaturation, primer 

annealing, and primer extension. Then the additional final incubation at 72˚C for 10 min for one 

cycle, this gave the final PCR product which was stored at 4˚C until further use. The PCR 

product (10.5 µl) was mixed with 2.5 µl of 6X DNA loading dye (Fermentas Thermo Scientific, 

Waltham, MA, USA) and loaded into a 1.5% Omnipur® agarose gel (Calbiochem®, Gibbstown, 

NJ. USA). A GeneRuler 100 bp Plus DNA ladder (Thermo Scientific., Waltham, MA, USA) was 

also used. The gel was run in a Horizontal Electrophoresis System (Fisher Scientific., Pittsburg, 

PA, USA) at 90 volts using a Bio-Rad Computer Controlled Power Supply (Bio Rad,Richmond, 

CA, USA) for 60 min and was then placed under a Transilluminator UV light (Alpha Innotech, 

Model White/UV, USA) to be photographed.  

DNA Sanger Sequencing  

 Twenty μl of each 16s rRNA PCR product was loaded in to a 96 well plate and 80 μl of 

enzyme free water was added for a total volume of 100 μl in each well and sent to The 

University of Arizona Genetics Core (UAGC. Tucson, AZ) for Sanger Sequencing. All 16s 

rRNA PCR products were sent for PCR clean up, DNA quantification and DNA sequencing. 

Antibiotic Resistance Testing 

 The S. aureus confirmed isolates were re-suspended from a TSA pure culture plate. A 

single colony from TSA was transferred to 9 ml of tryptic soy broth (TSB) (BD) and incubated 

for 18 to 24 hours at 37˚ C. The overnight culture was streaked on to Muller Hinton Agar (MHA) 

(Criterion) using a sterile swab to make a lawn. A total of 8 different Sensi- Antibiotic Discs™ 

(Difco™- Becton, Dickinson and Company (BD) Sparks, MD. USA) were tested for each 

confirmed isolate in duplicates. Four antibiotic discs were used per plate. The antibiotic discs 

(BD) used were Ampicillin (10 μg), Cefoxitin (30 μg), Chloramphenicol (30 μg), Ciprofloxacin 

(5 μg), Erythromycin (15 μg), Streptomycin (300 μg), Sulfamethoxazole/Trimethoprim 
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(1.25/23.75 μg), and Tetracycline (30 μg). MHA with antibiotic discs were incubated at 37˚ C for 

18 to 24 hours. Zones of inhibition were measured for each antibiotic disc and based on the 

diameter the isolate was determined to be sensitive, intermediately resistant, or resistant 

according to the manufacturers’ recommendation. 

Results and Discussion  

Prevalence of Staphylococcus aureus and Their Antibiotic Resistance  

 From 129 animals a total of 369 samples (123 hide, 123 lymph nodes, and 123 nasal 

swabs) were collected and of these, 59 samples were confirmed as positive for S. aureus (16%) 

via PCR/Conventional gel electrophoresis, DNA Sequencing, and the other biochemical methods 

described above. A total of 50 animals were positive for S. aureus out of the 129 animals 

sampled. Of the confirmed Staphylococcus aureus positives, 13 were isolated from Bovine 

(Cattle), 19 from Porcine (Swine), 15 from Caprine (Goat), and 12 from Ovine (Sheep/lamb) 

animals. Thirty one Staphylococcus were isolated from lymph nodes, 17 from the animal hide 

samples, and 11 from nasal swab samples. Of the 59 confirmed positive Staphylococcus isolates 

none were found resistant to Cefoxitin or Sulfamethoxazole/Trimethoprim. Of the confirmed 

positive Staphylococcus isolates 36 were found resistant to Ampicillin, 8 to Chloramphenicol, 12 

to Ciprofloxacin, 15 to Erythromycin, 12 to Streptomycin, and 25 to Tetracycline. Forty three of 

the Staphylococcus isolates showed resistance to at least one antibiotic, 4 isolates showed 

intermediate resistance to at least one antibiotic, and 12 isolates were sensitive to all 8 

antibiotics. Six of the Staphylococcus isolates showed intermediate resistance to Streptomycin 

and 6 other isolates showed intermediate resistance to Erythromycin. 

Confirmation of S. aureus Presumptive Positive Isolates Using Sanger 

Sequencing  

 Results for the Sanger sequencing showed that all samples were 93-98% positive for S. 

aureus. The lowest probability of 93%, obtained from sequencing was observed in an isolate 

recovered from the hide sample of a sheep. The highest probability of 98%, was also seen in an 

isolate of S. aureus recovered from the nasal swab of a sheep. The various animal types showed 

average sequencing results for positive S. aureus as follows: bovine - 96%, caprine - 96%, 

porcine - 96%, and ovine - 96%. The various sample types showed average sequencing results 
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for positive S. aureus as follows: hide- 96%, lymph node- 96%, and nasal swab- 96%. The 

average sequencing results for positive S. aureus found in all animals was 96%. 

Prevalence of Staphylococcus aureus among livestock animals 

 This study provides one of the first cases of S. aureus that has been recovered from a 

non-commercial USDA inspected harvesting and animal processing facility in Arizona from four 

types of livestock raised in various regions in Arizona and Southern New Mexico. 

 A total of 16% (59/369) of all samples from four different types of livestock evaluated in 

this study were positive for S. aureus. A total of 38.76% (50/129) of animals were positive for S. 

aureus. Tanih et al. (2015) recovered almost double the number of positive isolates (28.4% 

(50/176)) of S. aureus from livestock in South Africa. Our results were consistent with the 

findings of Nemeghaire et al. (2014) in Belgium where 19.8% of Staphylococcus was isolated 

from livestock animals. In China, Cui et al. (2009) showed a low recovery (7.64% (60/785)) of 

Methicillin resistant S. aureus (MRSA) isolated from livestock from various animal processing 

facilities. Kumar et al. (2011) recovered a high number of S. aureus (MRSA) ((54.87%) 

107/195) positives from India. 

 The overall prevalence of antibiotic resistance in S. aureus recovered in this study from 

livestock in all 59 positive isolates was 22.88%. The study done by Khanna et al. (2008) in 

Canada recovered antibiotic resistant S. aureus isolates (24.9%) consistent with the results in our 

study. Resistance was lower in the study done in South Africa by Tanih et al. (2015) where 

overall S. aureus antibiotic resistance was 12.8%. However, Kumar et al. (2011) as previously 

mentioned, recovered a high number of antibiotic resistant S. aureus isolates (68.2% (73/107)) 

from India. This research supports the fact that S. aureus can be isolated in different amounts 

from livestock in various parts of the world.  

Isolation of Staphylococcus aureus from Bovine Samples and their Antibiotic 

Resistance 

 The total number of Staphylococcus aureus isolated from bovine samples were 13; 3 

were from hide samples, 10 from lymph nodes, and none from nasal swabs (Table 1). All 3 

bovine hide S. aureus isolates showed resistance to the following antibiotics: 1 to Ampicillin, 1 

to Chloramphenicol, and 1 isolate showed resistance to Tetracycline (Table 2). The 10 S. aureus 
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positive lymph node isolates from bovine showed resistance patterns to the following antibiotics: 

6 to Ampicillin, 1 to Tetracycline, and 1 intermediate resistant isolate to Streptomycin.  

The overall prevalence of Staphylococcus aureus in Bovine 

 A total of 13.40% (13/97) of all bovine samples evaluated in this study were positive for 

S. aureus (Table 1). Other studies showed higher recoveries of S. aureus from bovine samples. 

Mistry et al. (2016) recovered almost double the number of S. aureus positives (23.35%) from 

India. Tanih et al. (2015) recovered a high number of S. aureus (26.79%) isolates from Bovine. 

However, Kumar et al. (2011) recovered an even higher number of MRSA from bovine 

(54.87%) in India  in comparison to this study. The studies mentioned above were all conducted 

in other countries, such as India and South Africa, and some isolates were recovered from dairy 

cattle, this could be why Staphylococcus aureus recovery rate was higher than those of this study 

(Weese, 2010). 

Staphylococcus aureus isolated from Bovine by sample type 

 The sample type that recovered the highest incidence of S. aureus from Bovine was 

lymph nodes (31.25%) followed by hide (9.38%), and no incidence seen in nasal swabs. Moo et 

al. (1980) were unable to recover S. aureus from bovine lymph nodes. Nemeghaire et al. (2014) 

recovered a high prevalence of MRSA isolates (19.8%) from the nasal swabs of bovine in 

Belgium. However, a study that resulted in an outcome similar to this study was done by Huber 

et al., (2009) in Switzerland where a very low prevalence of S. aureus (0.6%) was found in the 

nasal carriages of bovine.  

 

The overall incidence of antibiotic resistant Staphylococcus aureus isolated from Bovine 

 The overall prevalence of antibiotic resistance in the 13 positive isolates of S. aureus 

from bovine sources was low (9.62%) when compared to the overall resistance (22.88%) in this 

study (Table 2).  Nam et al. (2011) found a low prevalence of antibiotic resistant S. aureus 

isolates (4.8%) from bovine in Korea when tested against 20 antibiotics. However,  Mistry et al. 

(2016) tested 12 antibiotics and found a higher prevalence of antibiotic resistant S. aureus from 

bovine (24.35%) when compared to the current study that tested 8 antibiotics. Researchers China 

recovered a high incidence of antibiotic resistant S. aureus isolates (70%) from cattle as shown 

by Wang et al. (2015). 
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The prevalence of antibiotic resistant Staphylococcus aureus in Bovine by sample type  

 The sample type that harbored the most antibiotic resistant S. aureus in Bovine was 

lymph nodes (6.73%) followed by hide (2.88%) (Table 2). Overall, the prevalence of S. aureus 

and the antibiotic resistance patterns seen in bovine were not very high in this study when 

compared to studies mentioned above by Wang et al. (2015) and  Mistry et al. (2016) . Available 

literature on isolation of S. aureus from lymph nodes and hide samples in livestock were limited 

making this study unique among other literature. The majority of studies previously mentioned, 

isolated S. aureus primarily from bovine nasal swabs or mastitis samples from dairy cattle 

(Mistry et al., 2016; Kumar et al., 2011; Nam et al., 2011). One study attempted to isolate S. 

aureus from bovine lymph nodes, however, all samples were negative (Moo, 1980). We isolated 

31% positive S. aureus from bovine lymph nodes. 

 

Table 1. Confirmation of Staphylococcus aureus Bovine/beef positive isolates using various 

assays. 
Animal # Gram 

stain 

API® Oxidase Catalase Coagulase DNAse PCR Sequencing 

L006 Gram 

Positive 

+ Negative Positive Positive Positive 16s 96% 

L012 Gram 

Positive 

+ Negative Positive Positive Positive 16s 96% 

L013 Gram 

Positive 

N/A* Negative Positive Positive Positive 16s 97% 

L119 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 95% 

H014 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 96% 

H027 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 96% 

H028 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 96% 

L052 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 96% 

L055 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 96% 

L060 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 96% 

L076 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 97% 

L077 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 96% 
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L079 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 97% 

*N/A- not applicable. Not all samples were tested with API®. 

*16s rRNA- this was the primer used for the preparation of sequencing for Staphylococcus aureus.  

 

Table 2. Inhibition Zone Diameter Values of Staphylococcus aureus Isolates from Bovine 

for Selected Antibiotics. 
Antibiotic (μg) Zones of Inhibition (mm) 

Animal # AMPAMPAMPAMP    

((((10 μg10 μg10 μg10 μg))))    

FOX 

(30μg) 

CHR 

(30μg) 

CIP 

(5μg) 

ERY 

(15μg) 

SXT 

(1.25/23.75μg) 

STP 

(300μg) 

TE 

(30μg) 

L006 16 (R) 27 (S) 23.5 (S) 27 (S) 25.5 (S) 28.5 (S) 16.5 (S) 25.5 (S) 

L012 15.5 (R) 27.5 (S) 23 (S) 29.5 (S) 25.5 (S) 29.5 (S) 17 (S) 25 (S) 

L013 15.5 (R) 26.5 (S) 23.5 (S) 29 (S) 25 (S) 29 (S) 17 (S) 24.5 (S) 

L119 45 (S) 34 (S) 28.5 (S) 31.5 (S) 30.5 (S) 33.5 (S) 18 (S) 9 (R) 

H014 18 (R) 28 (S) 8 (R) 28 (S) 31.5 (S) 30.5 (S) 19 (S) 0 (R) 

H027 34 (S) 26 (S) 22 (S) 24.5 (S) 23.5 (S) 27 (S) 15 (S) 24.5 (S) 

H028 35 (S) 26 (S) 22 (S) 25.5 (S) 25 (S) 28.5 (S) 15 (S) 25 (S) 

L052 40 (S) 30 (S) 21 (S) 29.5 (S) 26 (S) 26.5 (S) 15.5 (S) 26 (S) 

L055 41 (S) 31 (S) 24.5 (S) 30.5 (S) 28 (S) 33 (S) 16 (S) 28.5 (S) 

L060 42 (S) 29.5 (S) 18 (S) 28 (S) 24 (S) 28.5 (S) 14 (I) 27 (S) 

L076 15 (R) 23.5 (S) 21.5 (S) 26 (S) 21.5 (I) 26.5 (S) 15 (S) 24 (S) 

L077 17 (R) 28.5 (S) 25 (S) 29.5 (S) 27 (S) 29.5 (S) 15 (S) 28 (S) 

L079 16 (R) 26 (S) 20.5 (S) 27 (S) 24 (S) 27.5 (S) 15 (S) 25 (S) 

 -Breakpoints in millimeters (mm). AMP- Ampicillin ( ≤ 28), FOX- Cefoxitin ( ≤ 14), CHR-

 Chloramphenicol ( ≤ 12), CIP- Ciprofloxacin ( ≤ 15), ERY- Erythromycin ( ≤ 13), STP- Streptomycin 

  ( ≤ 11),  SXT-Sulfamethoxazole/Trimethoprim ( ≤ 10), TE- Tetracycline ( ≤ 14). 

 

Isolation of Staphylococcus aureus from Caprine samples and their antibiotic 

resistance  

 The total number of S. aureus positives isolated from Caprine or goat were 15; 5 were 

from hide samples, 6 from lymph nodes and 4 from nasal swabs (Table 3). The 5 S. aureus 

positive hide isolates showed antibiotic resistance to the following: 2 to Ampicillin and one case 

of intermediate resistance to Streptomycin (Table 4). Of the 6 Staphylococcus positive lymph 

node isolates, the following antibiotic resistant patterns were seen: 4 to Ampicillin, 2 to 

Ciprofloxacin, 2 to Erythromycin, 3 to Streptomycin, and 2 to Tetracycline. Four of the 

Staphylococcus aureus positive nasal swab samples showed resistance to the following 
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antibiotics: 1 to Ampicillin, 1 to Chloramphenicol, and 1 to Tetracycline; and intermediate 

resistance in: 1 to Erythromycin and 1 to Streptomycin.  

The overall prevalence of Staphylococcus aureus in Caprine 

 A total of 16.67% (15/90) of all caprine samples evaluated in this study were positive for 

Staphylococcus (Table 3). Moo et al. (1980) were also unable to isolate any Staphylococcus 

aureus samples from caprine. Chu et al. (2012) isolated a lower number of S. aureus from 

caprine (4.86%) in Taiwan when compared to the current study. Concepción Porrero et al. (2012) 

in central Spain recovered a higher number of positive S. aureus isolates from caprine (47) 

Rahimi et al. (2015) also recovered a high number of S. aureus isolates from caprine (25%) in 

Iran. 

Staphylococcus aureus isolated from Caprine by sample type 

 The sample type that recovered the highest incidence of S. aureus from caprine were 

lymph nodes (20%), followed by hide (16.67%), and then nasal swabs (13.33%). Szalus-

Jordanow et al. (2011) recovered 20 positive S. aureus isolates from the infected lymph nodes of 

caprine from two different herds in Poland. Chu et al. (2012) isolated S. aureus positive isolates 

from nasal swabs from caprine (16.67%) comparable to the isolated nasal swabs (13.33%) in this 

study. Rahimi et al. (2015) and Eriksson et al. (2013) conducted studies in Iran and Denmark, 

respectively, and recovered higher numbers of S. aureus from nasal cavities of caprine (25% and 

65%) respectively, in comparison to the current study. Reasons these studies recovered a higher 

prevalence of S. aureus from caprine could be the variations in the sampling methods. Rahimi et 

al. (2015) collected both nasals swab samples from both nares on one swab in live animals, while 

Eriksson et al. (2013) collected a nasal and oral swab on the one swab per animal in live and 

post-harvest animals. Also both studies sampled caprine from multiple farms and harvesting 

facilities each. 

The overall incidence of antibiotic resistant Staphylococcus aureus isolated from Caprine 

 The overall prevalence of S. aureus antibiotic resistance from Caprine in the 15 positive 

isolates was 15% (Table 4). Concepción Porrero et al. (2012) had all positive S. aureus isolates 

tested for antimicrobial susceptibility against 20 antibiotics and yielded a low prevalence of 

resistance for caprine (5.77%). However, Chu et al. (2012) showed a higher recovery of S. 



89 
 
 
aureus antibiotic resistance isolated from caprine (20.55%) similar to this study. Rahimi et al. 

(2015) recovered a high incidence of S. aureus antibiotic resistant isolates from caprine (25%). 

The prevalence of antibiotic resistant Staphylococcus aureus among Caprine by sample 

type  

 The sample type that showed the most St. aureus antibiotic resistance from Caprine was 

lymph nodes (10.83%), followed by nasal swabs (2.5%), and then hide (1.67%). Eriksson et al. 

(2013) found no antibiotic resistant S. aureus in nasal swabs isolated from caprine. Rahimi et al. 

(2015) recovered a high prevalence of S. aureus antibiotic resistant isolates from nasal cavities of 

caprine (25%). Results from Chu et al. (2012) showed a high incidence of S. aureus antibiotic 

resistance (43.88%) from the 12 positive caprine nasal swabs when tested against 15 different 

antibiotics.  

Overall, there was not a high prevalence of antibiotic resistant S. aureus among caprine animals 

in this study. A variation in the isolation of S. aureus in caprine was seen in many studies 

mentioned above; some research showed a very high recovery or lower recovery of S. aureus 

along with different sample size collected. All studies mentioned above were also performed in 

other counties, no studies were found on the isolation of S. aureus from hide or non-infected 

lymph node samples of caprine.  

 

Table 3. Confirmation of Staphylococcus aureus Caprine/goat positive isolates using 

various assays. 
Animal # Gram 

stain 

API® Oxidase Catalase Coagulase DNAse PCR Sequencing 

H087 Gram 

Positive 

N/A* Negative Positive Positive Positive 16s 96% 

H123 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 96% 

L088 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 96% 

L124 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 95% 

N087 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 96% 

N120 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 95% 

H080 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 94% 
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H107 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 97% 

H112 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 96% 

L051 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 96% 

L080 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 97% 

L081 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 96% 

L109 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 97% 

N046 Gram 

Positive 

+ Negative Positive Positive Positive 16s 97% 

N110 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 95% 

*N/A- not applicable. Not all samples were tested with API®. 

*16s rRNA- this was the primer used for the preparation of sequencing for Staphylococcus aureus.  

 

Table 4. Inhibition Zone Diameter Values of Staphylococcus aureus Isolates from Caprine 

for Selected Antibiotics.  

Antibiotic (μg) Zones of Inhibition (mm) 

Animal # AMP AMP AMP AMP 

((((10 μg10 μg10 μg10 μg)))) 

FOX 

(30μg) 

CHR 

(30μg) 

CIP 

(5μg) 

ERY 

(15μg) 

SXT 

(1.25/23.75μg) 

STP 

(300μg) 

TE 

(30μg) 

H087 38.5 (S) 28 (S) 23 (S) 28 (S) 24 (S) 28.5 (S) 14 (I) 27.5 (S) 

H123 24.5 (R) 28.5 (S) 23 (S) 28.5 (S) 27 (S) 28.5 (S) 16 (S) 25 (S) 

L088 37 (S) 24.5 (S) 22.5 (S) 27 (S) 25.5 (S) 27.5 (S) 15.5 (S) 26 (S) 

L124 13 (R) 30 (S) 24 (S) 10.5 (R) 0 (R) 21.5 (S) 0 (R) 8 (R) 

N087 39.5 (S) 27.5 (S) 22 (S) 28.5 (S) 22 (I) 29.5 (S) 13 (I) 26 (S) 

N120 41.5 (S) 31 (S) 27 (S) 32 (S) 29 (S) 32.5 (S) 18 (S) 29.5 (S) 

H080 9 (R) 24.5 (S) 20.5 (S) 28 (S) 22.5 (I) 24.5 (S) 16.5 (S) 24 (S) 

H107 40 (S) 28 (S) 22.5 (S) 27 (S) 25.5 (S) 28 (S) 15 (S) 28 (S) 

H112 37.5 (S) 24 (S) 22 (S) 24.5 (S) 25.5 (S) 27 (S) 15.5 (S) 25.5 (S) 

L051 39 (S) 29 (S) 21 (S) 28.5 (S) 26 (S) 27 (S) 16 (S) 26 (S) 

L080 13 (R) 25.5 (S) 20.5 (S) 25.5 (S) 22.5 (I) 27 (S) 11.5 (R) 23.5 (S) 

L081 16 (R) 25 (S) 21 (S) 26.5 (S) 22.5 (I) 27 (S) 14.5 (I) 24.5 (S) 

L109 10.5 (R) 28 (S) 20 (S) 11.5 (R) 0 (R) 18 (S) 0 (R) 0 (R) 

N046 13.5 (R) 26 (S) 8 (R) 29.5 (S) 26.5 (S) 29 (S) 16.5 (S) 9 (R) 

N110 36.5 (S) 24 (S) 24 (S) 25 (S) 26.5 (S) 28 (S) 16 (S) 24.5 (S) 

 -Breakpoints in millimeters (mm). AMP- Ampicillin ( ≤ 28), FOX- Cefoxitin ( ≤ 14), CHR-

 Chloramphenicol ( ≤ 12), CIP- Ciprofloxacin ( ≤ 15), ERY- Erythromycin ( ≤ 13), STP- Streptomycin 

  ( ≤ 11),  SXT-Sulfamethoxazole/Trimethoprim ( ≤ 10), TE- Tetracycline ( ≤ 14). 
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Isolation of Staphylococcus from Ovine samples and their antibiotic resistance  

 The total number of Staphylococcus isolated from Ovine or Sheep/Lamb were 12; 2 were 

from a hide sample, 7 from lymph nodes, and 3 from nasal swabs (Table 5). The 2 S. aureus 

positive hide samples isolated from Ovine showed resistance to the following: 1 to Ampicillin, 1 

to Chloramphenicol, and 1 to Tetracycline (Table 6). Seven of the lymph node Staphylococcus 

aureus positives showed resistance to the following antibiotics: 4 to Ampicillin, 2 to 

Chloramphenicol, 1 to Ciprofloxacin and 3 to Tetracycline.  The 3 Ovine S. aureus nasal swab 

isolates showed resistance to the following antibiotics: 2 to Ampicillin, 2 to Chloramphenicol, 

and 3 to Tetracycline. 

The overall prevalence Staphylococcus aureus isolated from Ovine 

 A total of 13.95% (12/86) of all ovine samples evaluated in this study were positive for S. 

aureus (Table 5). Rahimi et al. (2015) recovered a similar number of S. aureus isolates from 

ovine (14.1%). Concepción Porrero et al. (2012) recovered 220 positive S. aureus isolates from 

Ovine in central Spain over a 14 year period. In contrast to studies done by Rahimi et al. (2015) 

and Concepción Porrero et al. (2012), Moo et al. (1980) were unable to isolate any S. aureus 

from ovine samples. 

Staphylococcus aureus isolated from Ovine by sample type 

 The sample type that showed the highest incidence of S. aureus from ovine was lymph 

nodes (23.33%), followed by nasal swabs (10%), and then hide (6.67%). Rahimi et al. (2015) 

recovered a slightly higher number of S. aureus isolates from ovine nasal swabs (14.1%) when 

compared to this study. Eriksson et al. (2013) found a higher incidence of (41%) S. aureus from 

nasal swabs of ovine in Denmark in comparison to this study, this high positive could be due to 

the method of collection where the swab sample included a nasal and oral swab on the same 

swab. There were no studies in the present literature that showed the isolation of S. aureus from 

lymph nodes or hide samples in sheep or ovine. 

The overall incidence of antibiotic resistant Staphylococcus aureus isolated from Ovine 

 The overall prevalence of antibiotic resistance among S. aureus isolated from ovine in the 

12 positive isolates was 21.88% (Table 6). Rahimi et al. (2015) recovered a similar number of S. 

aureus antibiotic resistant isolates from ovine (25%) as found in the current study.  Concepción 

Porrero et al. (2012) showed a low prevalence of antibiotic resistant S. aureus isolated from 
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Ovine (2.81%) when tested against 20 different antimicrobials. This low frequency of resistance 

shown by Concepción Porrero et al. (2012) could be because antibiotic resistance was only seen 

to several antibiotics, Tetracycline (19%) and Penicillin (13.5%), and resistance was only seen in 

6 of the 20 antibiotics giving an overall low frequency.  

The prevalence of antibiotic resistant Staphylococcus aureus among Ovine by sample type  

 The sample type that showed the most incidence of S. aureus antibiotic resistance from 

ovine was lymph nodes (11.46%), followed by nasal swabs (7.29%), and then hide (3.13%). 

Eriksson et al. (2013) recovered a lower incidence of MRSA positive isolates (4.05%) from 

ovine nasal swabs when compared to this study. Rahimi et al. (2015) recovered a higher percent 

incidence of S. aureus antibiotic resistant isolates from nasal cavities of Ovine (25%). 

For ovine there was not an overall high prevalence of S. aureus but the antibiotic resistance was 

higher in this study. There was variation in the studies mentioned above about ovine and S. 

aureus, some studies showed high recovery or high incidence of resistance in comparison to 

others. All studies mentioned above were also performed in other counties, no studies were 

found on the isolation of S. aureus from hide or lymph node samples where S. aureus was 

isolated from ovine. The number of collected samples also varied in each study, and aside from 

sample size, some researchers collected samples from a variety of different farms and slaughter 

plants as well as during different time frames and times of the year. 

 

Table 5. Confirmation of Staphylococcus aureus Ovine/sheep positive isolates using various 

assays. 
Animal # Gram 

stain 

API® Oxidase Catalase Coagulase DNAse PCR Sequencing 

H017 Gram 

Positive 

+ Negative Positive Positive Positive 16s 93% 

H023 Gram 

Positive 

N/A* Negative Positive Positive Positive 16s 97% 

L018 Gram 

Positive 

+ Negative Positive Positive Positive 16s 96% 

L021 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 96% 

L022 Gram 

Positive 

+ Negative Positive Positive Positive 16s 96% 

L024 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 97% 
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L025 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 96% 

N019 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 98% 

N024 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 96% 

L105 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 96% 

L113 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 95% 

N114 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 97% 

*N/A- not applicable. Not all samples were tested with API®. 

*16s rRNA- this was the primer used for the preparation of sequencing for Staphylococcus aureus.  

 

Table 6. Inhibition Zone Diameter Values of Staphylococcus aureus Isolates from Ovine for 

Selected Antibiotics.   

Antibiotic (μg) Zones of Inhibition (mm) 

Animal # AMP AMP AMP AMP 

((((10 μg10 μg10 μg10 μg)))) 

FOX 

(30μg) 

CHR 

(30μg) 

CIP 

(5μg) 

ERY 

(15μg) 

SXT 

(1.25/23.75μg) 

STP 

(300μg) 

TE 

(30μg) 

H017 15 (R) 26 (S) 8 (R) 28.5 (S) 27 (S) 28 (S) 16 (S) 8 (R) 

H023 37.5 (S) 27 (S) 21 (S) 28 (S) 25 (S) 27 (S) 15 (S) 25.5 (S) 

L018 13.5 (R) 26.5 (S) 21.5 (S) 28 (S) 24.5 (S) 28 (S) 15.5 (S) 25 (S) 

L021 16 (R) 29 (S) 22 (S) 28 (S) 25.5 (S) 30 (S) 15.5 (S) 25 (S) 

L022 13 (R) 27 (S) 21 (S) 27.5 (S) 24 (S) 27 (S) 14.5 (I) 24 (S) 

L024 12 (R) 25.5 (S) 8 (R) 31 (S) 27 (S) 31 (S) 16.5 (S) 9 (R) 

L025 14.5 (R) 27.5 (S) 0 (R) 26.5 (S) 26.5 (S) 30.5 (S) 17 (S) 0 (R) 

L105 37 (S) 27.5 (S) 21 (S) 14 (R) 25 (S) 20 (S) 15 (S) 24.5 (S) 

L113 41 (S) 30.5 (S) 23 (S) 31.5 (S) 23.5 (S) 30.5 (S) 16 (S) 9 (R) 

N019 15.5 (R) 25 (S) 8 (R) 29.5 (S) 27.5 (S) 28.5 (S) 15.5 (S) 10 (R) 

N024 16 (R) 27 (S) 8 (R) 30.5 (S) 27.5 (S) 32 (S) 17 (S) 10 (R) 

N114 42 (S) 28.5 (S) 25 (S) 31.5 (S) 24 (S) 30.5 (S) 16 (S) 9 (R) 

 -Breakpoints in millimeters (mm). AMP- Ampicillin ( ≤ 28), FOX- Cefoxitin ( ≤ 14), CHR-

 Chloramphenicol ( ≤ 12), CIP- Ciprofloxacin ( ≤ 15), ERY- Erythromycin ( ≤ 13), STP- Streptomycin 

 ( ≤ 11),  SXT-Sulfamethoxazole/Trimethoprim ( ≤ 10), TE- Tetracycline ( ≤ 14). 

 

Isolation of Staphylococcus aureus from Porcine Samples and their Antibiotic 

Resistance 

 The total number of Staphylococcus positives isolated from Porcine or Pig livestock 

animals were 19; 7 were from hide samples, 8 from lymph nodes, and 4 from nasal swabs (Table 
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7). The 7 porcine hide S. aureus positive isolates showed resistance to the following antibiotics: 

5 to Ampicillin, 1 to Chloramphenicol, 3 to Ciprofloxacin, 7 to Erythromycin, 4 to Streptomycin, 

and 7 to Tetracycline (Table 8). The 8 Staphylococcus aureus positives isolated from porcine 

lymph nodes showed resistance to the following antibiotics: 5 to Ampicillin, 2 to Ciprofloxacin, 

2 to Erythromycin, 2 to Streptomycin, and 2 to Tetracycline. All 4 S. aureus positive nasal swabs 

isolated from porcine showed resistance to the following antibiotics: 3 to Ampicillin, 3 to 

Ciprofloxacin, 4 to Erythromycin, 3 to Streptomycin, and 4 to Tetracycline.  

The overall prevalence Staphylococcus aureus in Porcine 

 A total of 19.79% (19/96) of all porcine samples evaluated in this study were positive for 

S. aureus (Table 7). Adegoke & Okoh (2014) isolated a similar level of S. aureus from porcine 

(23.3%). A lower prevalence of S. aureus was found among porcine (3.89%) in Switzerland by 

Overesch et al. (2011)  However, Tanih et al. (2015) showed a higher incidence of S. aureus 

(31.25%) isolated from Porcine in South Africa.  

Staphylococcus aureus isolated from Porcine by sample type 

 The sample type that recovered the highest incidence of S. aureus from porcine was 

lymph nodes (24.24%), followed by hide (21.21%), and then nasal swabs (12.12%). Cui et al. 

(2009) showed similar findings to that of the current study by isolating S. aureus (11.39%) from 

the nasal swabs of porcine in China. Khanna et al. (2008) in Ontario found a slightly higher 

prevalence of MRSA isolated from nasal swabs in porcine (24.9%). Other studies have shown 

lower and higher prevalence of S. aureus.  For example, Huber et al. (2009) found a low 

occurrence of MRSA (1.25%) from nasal swabs of porcine in Switzerland. However, Jian-jun 

(2008) found a high incidence of S. aureus (66.7%) from the lymph nodes of porcine in China. 

On the contrary, Moo et al. (1980) did not isolate any S. aureus from the lymph nodes of porcine. 

The overall incidence of antibiotic resistant Staphylococcus aureus in Porcine 

 The overall prevalence of antibiotic resistant S. aureus from porcine in the 19 positive 

isolates was 38.82% (Table 8). Porcine in the study by Adegoke & Okoh (2014) showed a lower 

incidence of resistant MRSA (12%). Overesch et al. (2011) recovered a higher incidence of 

antibiotic resistant MRSA (56.08%) from porcine compared to the current study. 
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The prevalence of antibiotic resistant Staphylococcus aureus isolated from Porcine by 

sample type 

 The sample type in porcine that showed the highest S. aureus antibiotic resistance was 

hide (18.42%), followed by nasal swabs (11.18%), and then lymph nodes (9.21%). In 

Switzerland, Huber et al. (2009) showed that of the 10/800 MRSA isolated from the nasal swabs 

of porcine, a slightly higher incidence (20%) of antibiotic resistance was seen compared to this 

study. Nasal swabs collected from porcine in China Cui et al. (2009) also showed a higher 

incidence of MRSA (43.19%). 

Other studies supported the findings of this study on the prevalence and resistance patterns in S. 

aureus. Overall there was a higher incidence of both prevalence and resistance in S. aureus. 

There was still variation in the results between this and some other studies. This could be due to 

variations in sample size between the studies discussed. Also many of the studies discussed 

above were done in other countries where rules and regulations of raising livestock may vary. 

There were limited studies available involving the isolation of S. aureus from lymph nodes from 

porcine and there was no literature found that involved the isolation of S. aureus from porcine 

hide samples. 

 

Table 7. Confirmation of Staphylococcus aureus Porcine/pig positive isolates using various 

assays. 
Animal # Gram 

stain 

API® Oxidase Catalase Coagulase DNAse PCR Sequencing 

H010 Gram 

Positive 

N/A* Negative Positive Positive Positive 16s 95% 

H089 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 96% 

H093 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 96% 

H094 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 96% 

H096 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 97% 

H126 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 96% 

H127 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 95% 

L009 Gram 

Positive 

+ Negative Positive Positive Positive 16s 96% 
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L093 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 96% 

L096 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 96% 

L126 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 97% 

L127 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 97% 

N089 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 95% 

N127 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 96% 

N128 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 96% 

N129 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 96% 

L083 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 94% 

L084 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 94% 

L086 Gram 

Positive 

N/A Negative Positive Positive Positive 16s 96% 

*N/A- not applicable. Not all samples were tested with API®. 

*16s rRNA- this was the primer used for the preparation of sequencing for Staphylococcus aureus.  

 

Table 8. Inhibition Zone Diameter Values of Staphylococcus aureus Isolates from Porcine 

for Selected Antibiotics. 

Antibiotic (μg) Zones of Inhibition (mm) 

Animal # AMP AMP AMP AMP 

((((10 μg10 μg10 μg10 μg)))) 

FOX 

(30μg) 

CHR 

(30μg) 

CIP 

(5μg) 

ERY 

(15μg) 

SXT 

(1.25/23.75μg) 

STP 

(300μg) 

TE 

(30μg) 

H010 14 (R) 29.5 (S) 25 (S) 14 (R) 12 (R) 20 (S) 0 (R) 8 (R) 

H089 11 (R) 27.5 (S) 8 (R) 15.5 (R) 0 (R) 21.5 (S) 0 (R) 10 (R) 

H093 39 (S) 28.5 (S) 20.5 (S) 30 (S) 0 (R) 28.5 (S) 16.5 (S) 10.5 (R) 

H094 16 (R) 28.5 (S) 21.5 (S) 29 (S) 0 (R) 28.5 (S) 17 (S) 11 (R) 

H096 38.5 (S) 28 (S) 22 (S) 28.5 (S) 0 (R) 28.5 (S) 15 (S) 8 (R) 

H126 11.5 (R) 29 (S) 21 (S) 11.5 (R) 0 (R) 19 (S) 0 (R) 8 (R) 

H127 11.5 (R) 28.5 (S) 23.5 (S) 11.5 (R) 0 (R) 18.5 (S) 0 (R) 10 (R) 

L009 16.5 (R) 27 (S) 25 (S) 29 (S) 26 (S) 29 (S) 17 (S) 27 (S) 

L093 34.5 (S) 26 (S) 23.5 (S) 28 (S) 25.5 (S) 27 (S) 14.5 (I) 26.5 (S) 

L096 17 (R) 26.5 (S) 22.5 (S) 28.5 (S) 28 (S) 29 (S) 17 (S) 27.5 (S) 

L126 10 (R) 28 (S) 20 (S) 11 (R) 0 (R) 18 (S) 0 (R) 10 (R) 

L127 11.5 (R) 28 (S)  22 (S) 11.5 (R) 0 (R) 19 (S) 0 (R) 10 (R) 

N089 38 (S) 28 (S) 21 (S) 29.5 (S) 0 (R) 27.5 (S) 16 (S) 11 (R) 

N127 11.5 (R) 29 (S) 23.5 (S) 11.5 (R) 0 (R) 19 (S) 0 (R) 10 (R) 
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N128 11.5 (R) 28 (S) 22 (S) 11.5 (R) 0 (R) 18 (S) 0 (R) 10 (R) 

N129 10 (R) 28.5 (S) 23 (S)  11.5 (R) 0 (R) 18.5 (S) 0 (R) 10 (R) 

L083 16 (R) 25.5 (S) 21 (S) 27.5 (S) 23 (S) 27 (S) 15 (S) 24.5 (S) 

L084 16 (R) 25.5 (S) 21 (S) 28 (S) 22.5 (I) 28 (S) 15 (S) 24 (S) 

L086 34.5 (S) 27 (S) 20 (S) 26.5 (S) 23 (S) 28 (S) 15 (S) 25 (S) 

 -Breakpoints in millimeters (mm). AMP- Ampicillin ( ≤ 28), FOX- Cefoxitin ( ≤ 14), CHR-

 Chloramphenicol ( ≤ 12), CIP- Ciprofloxacin ( ≤ 15), ERY- Erythromycin ( ≤ 13), STP- Streptomycin 

  ( ≤ 11),  SXT-Sulfamethoxazole/Trimethoprim ( ≤ 10), TE- Tetracycline ( ≤ 14). 

 

Overall prevalence of S. aureus and their antibiotic resistant patterns based 

on animal and sample type 

 

 The total overall incidence of S. aureus in both animals was 16% and the total overall 

resistance among all isolates was 22.88%. The animal type that showed the highest recovery of 

S. aureus was porcine (19.79%), followed by caprine (16.67%), ovine (13.95%), and then bovine 

(13.40%) (Figure 3). The livestock animal type that showed the most antibiotic resistance among 

S. aureus was porcine (59), followed by ovine (21), caprine (18), and then bovine (10). The 

overall distribution of positives among animal type was fairly uniform. Overall the sample type 

collected from livestock that harbored the most S. aureus was lymph nodes 31, followed by hide 

17, and then nasal swabs 11. The sample type collected from livestock animals that harbored the 

highest number of antibiotic resistant S. aureus was lymph nodes 45, followed by hide 36, and 

then nasal swabs 27 (Figure 3). The samples collected in this study were from different animals 

within one year period. For the overall patterns porcine showed the most resistance and 

prevalence of S. aureus among all animal types evaluated. The sample type that showed the 

highest resistance and prevalence of S. aureus was lymph nodes. 

Conclusion 

 In conclusion, this study provides information on the prevalence of antibiotic resistant S. 

aureus in bovine, caprine, ovine, and porcine raised in various regions of Arizona and Southern 

New Mexico. These food animals were harvested and processed at a USDA inspected, non-

commercial plant. A total of 59 isolates were positive for S. aureus from a total of 369 samples 

collected, and 50 out of 129 animals were S. aureus positive. The animal type that harbored the 

most Staphylococcus overall were porcine/pigs and the sample type that harbored the most 
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Staphylococcus overall were lymph nodes. Out of 59 positive isolates, a minimum of 43 showed 

resistance to at least one antibiotic. S. aureus antibiotic resistance was seen in every type of 

animal and sample type but was most prevalent in porcine and lymph nodes. The data collected 

from this study can provide additional information to the livestock industry and the public about 

the growing problem of antibiotic resistance in general and especially in food animals. The 

results suggest that the food animal industry should be cautious of antibiotic use in the livestock 

animals. Food animals are a source of foodborne pathogens, and they are capable of carrying 

multiple antibiotic resistant bacteria. There is evidence that antibiotic resistant S. aureus are 

present in various food animals in Arizona and Southern New Mexico. Care should be taken by 

the industry to reduce the use of antibiotics in livestock. 
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Figure 1. Prevalence of Staphylococcus aureus in All Animals Based on 

Sample and Animal Type  
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Figure 2. Antibiotic resistance patterns in Staphylococcus aureus isolated from 

all Animals Based on Sample and Animal Type. 

 

 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

0

10

20

30

40

50

60

Staphylococcus aureus
Hide Lymph Node Nasal Bovine

Caprine Ovine Porcine

In
ci

d
e

n
ce

 o
f 

re
si

st
a

n
ce



101 
 
 

Thesis Conclusions 

 In conclusion, this study provides information on the prevalence of antibiotic resistant 

Salmonella and S. aureus isolated from bovine, caprine, ovine, and porcine in various regions of 

Arizona and Southern New Mexico. A total of 60 isolates were positive for Salmonella, and 59 

isolates positive for S. aureus from a total of 369 isolates. 53 animals were Salmonella positive 

and 50 animals positive for S. aureus from a total of 129 animals. The animal type that harbored 

the most Salmonella overall were Bovine/cattle and the sample type that harbored the most 

Salmonella overall were lymph nodes. The animal type that harbored the most S. aureus overall 

were porcine/pigs and the sample type that harbored the most S. aureus overall were lymph 

nodes. Out of 60 positive isolates, a minimum of 53 Salmonella positive isolates showed 

resistance to at least one antibiotic, and the most resistance was seen to Erythromycin. Antibiotic 

resistant Salmonella were present in every type of animal and sample type but were most 

prevalent in Caprine/goat and lymph nodes. Out of 59, 43 S. aureus positive isolates showed 

resistance to at least one antibiotic, and the most resistance seen was to Ampicillin. Antibiotic 

resistant S. aureus were present in every type of animal and sample type but were most prevalent 

in porcine and lymph nodes. No antibiotic resistance was seen to Ciprofloxacin among 

Salmonella positive isolates and no resistance was seen to Sulfamethoxazole/ Trimethoprim and 

Cefoxitin among S. aureus positive isolates. However, 18 out of 129 livestock animals sampled 

in this study were found to carry both Salmonella and S. aureus and were isolated from: 6-

Porcine, 5-Bovine, 5-Caprine, and 2-Ovine. The results suggest the prevalence of antibiotic 

resistant foodborne pathogens among food animals raised in Arizona and New Mexico and that 

food animals can carry multiple antibiotic resistant pathogens. Hence, the food animal industry 

should be cautious of antibiotic use in the livestock animals. Care should be taken by the 

livestock industry to reduce the use of antibiotics in livestock. The data collected from this study 

can provide additional information to the livestock industry and the public about the growing 

problem of antibiotic resistance in general and especially in food animals.  
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