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ABSTRACT
Aye, Racheal; M.S.; Great Plains Institute of Food Safety; Coliege of Agriculture,
Food Systems, and Natural Resources; North Dakota State University; April 2010.
Proteomic and Molecular Analysis of Methicillin Resistance and Selected Toxigenic
genes in Coagulase-negative Staphylococcus spp From Food and Animal Sources.
Major Professor: Dr. Robert Barigye.
While most coagulase-negative Staphylococcus (CNS) are apathogenic, recent
evidence suggests some food and animal derived CNS isolates may carry and
express virulence factors including classical enterotoxins, toxic shock syndrome,
and methicillin resistance genes. The present study was designed to assess the
potential role of CNS in the epidemiology of foodborne ilinesses and to determine
the likelihood of food and domestic animals as transmission vehicles of methicillin
resistance. Of the animal-derived food samples tested, 27.3% (39/143) were
Staphylococcus-positive compared to only 9.5% (23/242) of the plant foods. A
total of 92 Staphylococcus spp cultured from 385 food (62/92) and 30 diagnostic
animal (30/92) samples were tested by the polymerase chain reaction (PCR) for
classical enterotoxin (sea, seb, sec, sed, and see), toxic shock syndrome toxin-1
(tsst-1), and mecA genes. All PCR-positive isolates were further tested by
immunoblotting for production of the corresponding toxin. Susceptibility patterns
of both CNS and coagulase-positive Staphylococcus (CPS) were assessed for B-
lactam antimicrobial agents and the isolates analyzed for presence of the mecA

gene. Of all study isolates, 20/92 (21.7%) were CPS and 72/92 (78.3%) CNS. Of

the 20 CPS isolates, 15.4% (2/13) S. aureus cultured from steak were sec positive



while only 1/7 (14.3%) CPS (S. aureus) from a diagnaostic feline sample was
positive for both sec and tsst-1 genes. Both toxigenic S. aureus isolates from steak
and a diagnostic feline sample also expressed detectable amounts of SEC and
TSST-1 toxins., On the other hand, 1.4% (1/49) of the CNS (S. lugdunensis) from
strawberries was positive for the sec gene but negative for SEC toxin and 2/49
(2.8%) of the CNS (S. hominis) gave unexpected base pair PCR products with see
primers. All.CNS isolates were generally susceptible to test B-lactam antimicrobial
agents; 80% of the CPS isolates were resistant to penicillin and amoxicillin of
which 1/20 (5%) were positive for the mecA gene. Based on this data, 3/20
(15%) of CPS and 3/72 (4.2%) of CNS isolates were positive for toxigenic genes
thus underscoring the potential role food-derived CNS isolates may have in the
epidemiology of foodborne ilinesses. Although only 5% of the CPS and none of the
study CNS isolates expressed rmecA gene, 80% of the CPS were resistant to
penicillin, suggesting other mechanisms of drug resistance. The presence of mecA-
positive CPS and toxin producing Staphylococcus isolates underscore the public

health significance of organisms from this genus.
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1. INTRODUCTION

Foodborne diseases have been estimated to cause about 9,000 deaths and
between 6 to 81 million illnesses in the United States (US) annually (5, 6, 17, 164).
Of all the foodborne illnesses caused by known pathogens, conservative estimates
indicate that Staphylococcus aureus is responsible for about 185,000 cases in the
US annually (125). In France, toxigenic S. aureus is the second most important
cause of food poisoning after Sa/lmonella (98, 107). Staphylococcal food poisoning
(SFP) occurs following ingestion of at least 1.0 pg of preformed staphylococcal
enterotoxin in food (62). Such a level of contamination is reached when bacterial
populations exceed 100,000 staphylococci per gram of food (62). Foods frequently
incriminated in SFP include meat and meat products; poultry and egg products;
salads such as egg, tuna, chicken, potato, and macaroni; bakery products such as
cream-filled pastries; sandwich fillings; and milk and dairy products (62). Foods
that require considerable handling during preparation, and/or those kept at slightly
elevated temperatures after preparation are frequently involved in SFP (62).

Members of the genus Staphylococcus are ubiquitous. They are found in air,
dust, sewage, water, milk and food in addition to food handling equipment,
environmental surfaces. However, it is humans and animals that serve as primary
reservoirs of this organism since Staphylococcus spp are widely found as normal
flora on hair and skin, and in the nasal passages and throat of more than 50% of
healthy individuals (62, 127, 176). In fact, the FDA report, 2009 (62) cites food

handlers as the main source of food contamination in most SFP outbreaks. To a



lesser extent, equipment and environmental surfaces can also be significant
sources of contamination (62).

Staphylococcus spp are non-motile Gram-positive cocci that are broadly
divided into coagulase-positive Staphylococcus (CPS) and coagulase-negative
Staphylococcus (CNS) sub-groups. S. aureus, the prototype under the CPS sub-
group, is responsible for a number of human diseases including but not limited to
food poisoning, skin infections, toxic shock syndrome and sepsis (89, 155).
Although previously presumed non-pathogenic, evidence now suggests some CNS
are important nosocomial pathogens (3, 63, 97, 128). In fact, a number of CNS
strains have been recognized for their ability to elaborate toxins like:
staphylococcal enterotoxins (SEs), toxic shock syndrome toxin-1 (TSST-1),
hemolysins, coagulase (85, 145, 152, 175) and exfoliative toxins (85, 108) among
others. More recently, a number of workers have reported enterotoxin and other
toxigenic genes in CNS isolates from foods (50, 186). These findings underscore
the potential the CNS have to cause food poisoning (953) and possibly other human
diseases. Among the CNS with documented clinical significance, S. epidermidis is
the most commonly isolated species (63). In fact, enterotoxin genes have been
demonstrated in S. epidermidis plus several other CNS like S. cohnii, S. xylosus
and S. haemolyticus (13). Waites et al. (1984) (177) isolated S. warneri, a CNS,
along with other organisms from amniotic fluids of a 34-year-old pregnant woman
that aborted in the mid-trimester of pregnancy (Waites et al. 1984) (177). Kamath

et al (1992) (97) have also associated S. warneri with severe bacteremia and
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endocarditis in immunocompromised patients (97). Recently, S. warneri was also
isolated from a case of bovine abortion in which histological and bacteriologic
evidence suggested potential virulence (12). Among other domestic animal
species, S. warneri has been isolated from cerebrospinal fluids of a dog with a
severe thrombotic meningoencephalitis (59). All these incidents suggest the
potential virulence that may be expressed by various CNS.

Staphylococcus aureus (9, 79, 185) is increasingly becoming important due
to methicillin resistance (60, 61, 72). Whereas majority of the methicillin resistant
S. aureus (MRSA) cases have been associated with nosocomial and community
acquired infections (180), current evidence suggests that food may be an
important transmission vehicle for MRSA (53, 114, 143). Interestingly, a few
reports of methicillin resistant CNS strains have also been cited (1, /7, 93). This
justifies multidisplinary studies to determine the exact role CNS have in the
epidemiology of troublesome foodborne staphylococcal diseases.

1.1. Hypothesis
i) Coagulase-Negative Staphylococcus from foods and domestic animals
express virulence factors that include classical enterotoxins and toxic shock
syndrome toxin-1 (TSST-1),
i Coagulase-Negative Staphylococcus from foods and domestic animal

samples express the methicillin resistance gene.



1.2. Objectives
i) Use polymerase chain reaction (PCR) to screen study coagulase-negative
Staphylococcus spp from food, and animal sources for genes that encode the five
classical enterotoxins [entA (sea), entB (seb), entC (sec), entD (sed), and entE
(see)], and toxic shock syndrome toxin-1 (Zsst-1);
i) Use immunoblotting analysis to screen study coagulase-negative
Staphylococcus spp for classical enterotoxins (SEs) and toxic shock syndrome
toxin-1 (TSST-1);
iii)  Describe antimicrobial susceptibility patterns of the study Staphylococcus
spp, and use PCR analysis to elucidate the incidence of methicillin resistance by
determining the frequency of the mecA gene among coagulase negative

Staphylococcus spp from food and demestic animal sources.



2. LITERATURE REVIEW
2.1. The Genus Staphylococcus

The genus Staphylococcus is composed of 41 species (55) primarily found
on skin and mucous membranes of humans and animals. Member species are
facultative anaerobes, catalase positive and oxidase negative Gram-positive cocci
that frequently form grape-like clusters. Staphylococcus spp grow in the presence
of bile salts, 6.5% salt solution and are resistant to Bacitracin. Generally, the
members of the genus are classified into two major groups based on their ability
to clot blood; the coagulase-positive Staphylococcus spp (CPS) produce the
enzyme coagulase that can clot blood, while coagulase-negative Staphylococcus
spp (CNS) do not produce coagulase and therefore fail to clot blood.

2.2, Staphylococcal Diseases

2.2.1. Staphylococcal Food Poisoning

Staphylococcal food poisoning (SFP) is caused by ingestion of preformed
Staphylococcus-derived heat stable toxins in food (8). Clinical signs include
abdominal cramps, nausea, and vomiting, which is sometimes followed by diarrhea
(107). The onset of the symptoms is rapid but spontaneous recovery is observed
within 24-48 hours. Production of enterotoxins by CPS is widely reported (11, 16,
88, 153). On the other hand, the few studies that have investigated enterotoxin
production by CNS have given conflicting results (48, 68, 77, 137, 149). Some

researchers have documented classical enterotoxins in CNS (1, 77, 93) while



others report unsuccessful efforts to detect such toxins (91, 92, 103, 137, 141,
149).
2.2.2. Other Staphylococcal Diseases in Humans

Staphylococcus spp affect all age groups but newborns and individuals with
underlying diseases are most susceptible. Staphylococcus spp cause disease by
two major mechanisms: direct tissue invasion and toxin production (126). The
toxin-mediated diseases are caused by a number of exotoxins which may produce
either localized or generalized lesions. Among the important staphylococcal
diseases of humans are: toxic shock syndrome a serious disease reported in
association with the use of high absorbent tampons during menstruation (23);
scalded skin syndrome characterized by large cutaneous bullae and peeling of the
epidermis in newborne babies; and superficial or deep skin infections resulting
from direct tissue invasion (126). Cellulitis or focal and deep cutaneous abscesses
are also commonly reported, and Staphylooccus spp are also implicated in burn-
wound infections and in mastitis of nursing mothers. In the immunocompromised,
Staphylococcus spp may cause bacteremia, meningitis and pneumonia (126).
Because of great resistance to most antibiotics, Staphylococcus spp are greatly
recognized for their role in hospital and community acquired MRSA infections.
2.2.3. Coagulase-Negative Staphylococcusin Human Disease

Although formerly regarded apathogenic, a number of virulent CNS have
been reported (25, 76). In the US alone, CNS are estimated to cause about

50,000-120,000 nosocomial infections annually (744). Majority of the nosocomial
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CNS infections in humans are associated with indwelling medical devices like
catheters and artificial heart valves (7, 39, 117). According to a study reported
by Archer, 1995 (), S. epidermidis was the most frequently isolated CNS species
from patients with indwelling medical devices. Even though CNS-associated
bacteremias are seldom life threatening, frank sepsis may occur especially in
immunocompromised patients ( /4). S. epidermidis, S. warneri, and S. lugdunensis
have been associated with valvular endocarditis (87, 156, 183). S. saprophyticus
often causes urinary tract infections in young females and women aged 16-35
years (67). Clinical signs include hematuria, pyuria, flank pain and pyelonephritis;
sepsis and rarely endocarditis. Coagulase negative staphylococci are the second
most common cause of postoperative infections especially in patients with
implanted foreign material (35). Most problems are caused by the patients’ own
normal skin flora but infections contracted from operating room personnel have
also been reported {26). For example, S. epidermidis from patient’s own flora
causes 15% of endophthalmitis cases following penetrating eye injury (56).
Different studies have shown that CNS can express toxins similar to those
elaborated by S. aureus (50, 186).
2.2.4. Staphylococcal Diseases in Animals

Staphylococcus aureus causes '25-30% of the mastitis cases in lactating
domestic ruminants ( 71). In addition, S. aureus and other Staphylococcus spp
have been reported in sporadic livestock abortions (12, 45, 58). In poultry, this

agent causes important pathological conditions like dermatitis, osteomyelitis,
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arthritis, synovitis and “Bamboo foot” (29). The latter is a localized foot lesion in
domestic fowls and other birds that is almost exclusively caused by S. aureus. The
latter is one of the major causes of leg weakness in broiler flocks (7). In pigs,
exfoliative toxin producing S. hyicus strains are the cause of exudative epidermitis
- also called "greasy pig disease”(179). Leukocidal toxin producing S. intermedius
and staphylococcal enterotoxin have been associated with pyoderma in dogs (49,
71).
2.3. Staphylococcal Superantigens

2.3.1. Staphylococcal Enterotoxins

Staphylococcus aureus as well as many other enterotoxin-producing
Staphylococci have been widely reported in SFP outbreaks (9, 18, 85, 89, 107,
119, 155). Strains of enterotoxigenic Staphylococcus are responsible for 185,000
cases of food-borne iliness in the US each year (125). Five classical enterotoxins
namely SEA, SEB, SEC, SED, and SEE have been reported (54, 80, 90). The
enterotoxins are small peptides of about 23 to 29 kDa in size characterized by
significant amino acid sequence similarities (9). The SEs are heat stable (75, 80)
and are remarkably resistant to gastrointestinal proteases (9). Studies have shown
that SEs may retain some biological activity after exposure to 121°C heat for 28
min (4). Staphylococcal enterotoxins belong to a family of pyrogenic or
superantigenic toxins (9) that cause nonspecific T-cell activation and proliferation
("superantigen activity”). The latter is a pathophysiological mechanism that is

associated with emesis fever, and immunosuppression ( 9). The superantigenic and
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emetic activities are two separate biological functions that are localized on
different domains of the SE molecule (54). The linkage between the two activities
remains unclear (107).

2.3.1.1. Staphylococcus Enterotoxin A (SEA). The SEA toxinis a 2/.1
kDa protein (22) that causes about 77.8% of all the SFP outbreaks (32, 75).
Carried on a temperate bacteriophage, the sea gene (21, 24) is composed of 771
base pairs and encodes a 257 amino acid precursor protein (84). The sea gene is
not regulated by the “accessory regulator” (agn), and is expressed during the mid-
exponential phase of growth (165). Once expressed, the nascent toxin molecule
undergoes posttranslational processing to yield the monomeric and biologically
functional proteinaceous toxin. Staphyfococcus enterotoxin A has a zinc ion
coordination site involved in MHC class II binding (9). Three SEA isoforms with
different isoelectric points have been described (151).

2.3.1.2. Staphylococcus Enterotoxin B (SEB). The SEB toxin is a 28
kDa protein that is encoded by the chromosomal seb gene (69). In other
Staphylococcus strains, however, the seb gene is carried by a 750 kb plasmid
(154). The toxin is initially translated as a 267 amino acid precursor that requires
posttranslational modification to enhance its potency (69). The incidence of SEB
intoxication is unkhown because in most cases the symptoms are mild and
patients do not seek treatment (69). In addition to food poisoning, SEB has also
been associated with a non-menstrual toxic shock syndrome (33). SEB has also
been studied as a potential biological warfare agent because it is stable, can easily

9



be aerosolized and can cause widespread systemic damage and death when
inhaled at very high dosages (169).

2.3.1.3. Staphylococcus Enterotoxin C (SEC). There are 3 sub-types of
the SEC toxin: SEC1, SEC2 and SEC3 (20). These are highly conserved proteins
that show significant immunological cross-reactivity (20). SEC3 differs from SEC1
and SEC2 by four and nine amino acids, respectively (9). The sec3? gene has 801
nucleotides and encodes a 267 amino acid precursor protein (87). Ninety percent
of the sec3 nucleotide sequences are similar to those of seci (46). The similarities
between the genes that encode the three toxin subtypes suggest that an ancestral
secl-like gene was formed by recombination between the sec? and seb genes
(46). Different animal species have unique and host-specific sec receptors (118)
implying that heterogeneity is due to selection for modified sec sequences that
facilitate the survival of S. aureusin their respective hosts (9).

2.3.1.4, Staphylococccs Enterotoxin D (SED).  Enterotoxin D is the
second most common SE that is associated with SFP outbreaks (14). The sed gene
is located on a 27.6 kb penicillinase plasmid (14) and encodes a 258 amino acid
protein (SED). The 258 amino acids include a 30-amino acid signal peptide and a
228 amino- acid mature polypeptide (14) with a high degree of sequence similarity
to other SEs (161). The SED toxin demonstrates high affinity for zinc ions for its

interaction with MHC class II molecules (161).
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2.3.1.5. Staphylococcus Enterotoxin E (SEE). The SEE is a 26-kDa
protein that is encoded by the see gene (4/). The toxin shares about 81%
sequence homology with SEA (171).
2.3.2. Toxic Shock Syndrome Toxin-1 (TSST-1).

The TSST-1 is a superantigenic toxin that causes non-specific T-cell activation
and proliferation (124). Subsequently, the TSST-1-induced T-cell activation leads
to clinical toxic shock syndrome (TSS), a systemic syndrome characterized by
fever, hypotension, myalgia, rash, and multiple-organ failure (124). Toxic shock
syndrome is associated with staphylococcal colonization of the vagina, and other
sites like the respiratory tract or following surgical procedures (23, 54). In vitro
studies have shown that TSST-1 production is dependent on environmental factors
such as a low partial pressure of oxygen (ppO;), and high partial pressure of
carbon dioxide (ppCO,). Other risk factors include concentration of iron, pH, and
temperature (23). The incidence of TSS is low, approximately 1.05 per 100,000
menstruating women (37). Unlike most of the superantigen genes discussed
above, the fsst-1 gene is chromosomal in location (18, 85).

2.3.3. Non-Classical Superantigens

A number of new superantigens have been described (64, 90, 105, 110,
135, 138, 139, 140, 184). Of the new toxins, only those that induce emesis in a
simian model, like SEG, SEH and SEI, have been classified as enterotoxins (129,

160). Those that lack emetic activity are classified as "staphylococcal enterotoxin-
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like (SEI) superantigens”and include: SEJ, SEK, SEL, SEM, SEN, SEO, SEP, SEQ,
SER and SEU (1.379). All SE and SEI have superantigen activity (123, 142).
2.4, Methicillin Resistance

2.4.1. Epidemiology

Methicillin resistant S. aureus (MRSA) is resistant to most if not all B-lactam
antibiotics (42, 43, 166). About 80-90% of penicillin-resistant CPS are typically 5.
aureus (36). However, some reports indicate that about 65% of CNS isolated from
bacteremias are resistant to oxacillin (14). From epidemiological viewpoint, MRSA
cause two major forms of disease: “hospital” (47) and “community” (40) acquired
MRSA infection. Hospital-acquired —MRSA (HA-MRSA) has been recognized for
decades (47) and primarily affects people in healthcare settings, such as patients
that have recently had surgery, or those with surgically implanted medical devices
(41). Infections caused by MRSA also tend to affect the elderly,
immunocompromised, and patients undergoing kidney dialysis (8). In 2005, a
total of 94,360 people in the US developed invasive MRSA (39) and about 18,650
of them died during a hospital stay (39). A recent study demonstrated that 1% of
all in-patient stays per year (292,045 cases) were associated with staphylococcal
infection. Sadly, 14,000 of these patients died during the same period. Infection
with staphylococci increased the length of hospital stay, cost of treatment by
about 3 times, and 5 times the risk of in-hospital death (104). Community-
associated MRSA (CA-MRSA) has an elusive origin because it affects people who

do not have an apparent association with a healthcare setting. Skin infections
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caused by CA-MRSA are spread in crowded settings (39, 100). Symptoms of
cutaneous MRSA infection include red, swollen, and painful skin lesions that may
drain pus; more severe form of infection may lead to chest pain, cough, malaise,
fever, bradycardia, muscle aches, fever and headache (157).
2.4.2. Food as a Transmission Vehicle of Methicillin Resistance

In 2002, an outbreak of SFP reported in Tennessee State was traced to a
MRSA strain originating from a food handler that had apparently contaminated
shredded pork and colestraw sold at a convenience store (95). During
investigations done shortly after the outbreak, sed-positive MRSA was cultured
from the food handler in question and from the ill patrons that had consumed the
contaminated food (95). In another report, 5% of the meat samples tested during
a study contained MRSA (143). Although the MRSA isolated from the meat
samples was of human origin, other studies have demonstrated MRSA can be
zoonotic (52, 113, 159, 178, 181). The few reports reviewed above underscore the
potential threat posed by foodborne MRSA infections (102), and therefore warrant

investigations on the role of food-derived CNS in the epidemiology of methicillin

resistance.
2.4.3. The mecA Gene

Resistance to methicillin is encoded by the mecA gene which is located on
the chromosome and is regulated by two other genes, namely mec! and mecR1
(42). Methicillin and other B-lactam antibiotics have a structure similar to that of
“penicillin-binding protein” (PBP). The latter is necessary in the transpeptidation of

13



the bacterial cell wall (121). Normally, B-lactam antibiotics irreversibly bind to PBP
thereby disrupting cell wall synthesis. This results in cell death due to lack of cell
wall integrity. In S. aureus, three PBPs (PBP 1, PBP 2 and PBP 3) are usually used
in the synthesis of the cell wall. Methicillin resistant staphylococci possess a
supplementary PBP termed PBP2’ or PBP2a. Coupled with the presence of mecA
gene, these species are able to grow in the presence of methicillin and other 3-
lactam antibiotics (101, 162). Although mecA resistance is found in all cells of an
intrinsically resistant population, the gene may only be expressed in a small
percentage of cells a phenomenon called “heterogeneous resistance” (121).
Research done by van Griethuysen et al. (2005) (Z72) has shown that the mecA

gene can be lost with time following storage at -80 °C.
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3. MATERIALS AND METHODS
3.1. Food and Diagnostic Animal Samples

Sample collection for the study was done from April to October 2009. The
sample size was determined using the "Method of Proportions”(66): where “n”is
the sample size, " 2”is the Zvalue for the corresponding confidence level (1.96 for
95% confidence; "e”is the margin of error (.05 = £ 5%); “p”is the estimated
value for the proportion of Staphylococcus spp that express the toxins of interest
(50%). Substituting these figures in the formula below, a sample size of 385 food
samples was derived.

n= 2>p(1-p)
é

Food samples were bought two times a week from two selected stores in
Fargo, North Dakota, U.S.A. The stores were chosen on the basis of proximity to
the research laboratory and because they provided a steady supply of study food
samples. Food samples bought were categorized into foods of animal origin
including chicken, beef, pork, sausage, cheese and mushrooms; and food of plant
origin including grapes, strawberries, salsa, salad and carrots. Samples were kept
at 4° C and analyzed within 12 hours of purchase.

Diagnostic animal samples were obtained from the North Dakota State

University Veterinary Diagnostic Laboratory (NDSU-VDL), Fargo, North Dakota,

U.S.A. The sampling for these samples was somewhat biased since most of the
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study Staphylococcus isolates were cultured from diagnostic samples taken from
dead animals.
3.2. Study and Experimental Control Staphylococcus spp

A total of 62 Staphylococcus spp from food samples were analyzed during
the study. The other 30 study Staphylococcus isolates came from samples of
companion and food animal tissues submitted to the NDSU-VDL. Seven reference
ATCC S. aureus strains carrying the sea (ATCC # 13565), seb (ATCC # 14450),
sec-1 (ATCC #19095), sed-1 (ATTC # 23235), see (ATCC # 27664), tsst-1 (ATCC
# 51650) and mecA (ATCC # 43300) genes were used as positive experimental
controls.

3.3. Food Sample Preparation

Food samples were washed with 250 mL sterile phosphate buffered saline,
pH 7.4 (PBS) for 10 min. and 25 mL of the PBS washings added to 10 mL of
Giolitti - Cantoni broth, an enrichment media for the isolation of Staphylococcus
spp from food. The tubes were incubated at 37 °C for 18-24 hours with shaking at
200 x rpm. Two loopfulls of 10 pl inoculating loop were streaked on Baird Parker
Agar; a Staphylococcus selective medium. The plates were incubated at 37 °C for
18-24 hours after which single colonies were streaked onto blood agar plates and
further incubated at 37 °C for 12-18 hrs.

3.4. Identification of Staphylococcus spp
Suspect Staphylococcus colonies were identified based on colony

morphology (white-yellow, smooth, and small colonies) and Gram staining
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characteristics. Briefly, for the Gram’s staining technique, the inoculating loop was
sterilized by flaming, cooled in a drop of sterile water held on a clean glass slide,
and then used to pick a suspect colony from the blood plate. A smear was made,
air dried and heat fixed, after which it was flooded with crystal violet and allowed
to stand for 1 min. The smears were then gently rinsed with distilled water,
flooded with Gram’s iodine solution and allowed to stand for 1 min. The glass
slides were then rinsed with distilled water, decolorized for 10 sec in the
decolorizer solution after which the smears were washed thoroughly with distilled
water, followed by flooding with safranin stain. After 1 min, the slides were rinsed
gently with distilled water, blot dried with absorbent paper, and examined under
the oil immersion objective lens (100x) of the light microscope: confirmation of the
Staphylococcus species was done using the sensititre system. The identified
species were cryo-preserved in 600ul of 50% glycerol at -70 °C.
3. 5. Coagulase Test

Two mL of rabbit serum were inoculated with a colony of the test
Staphylococcus spp and the tube incubated at 37 °C for 24 hours. During this
time, the tubes were examined for coagulation every 1 hour for the first 6 hours.
The final results were read after 24 hours.

3.6. DNA Extraction

Single bacterial colonies were inoculated in 40 pL of 99% 1xTE and 1%

Proteinase K. DNA was extracted using Single Cell Lysis Buffer (SCLB) protocol (55

°C and 80 °C for 10 min, and 20 °C until retrieved for testing) on the

17



thermocycler. Following DNA extraction, each sample was diluted with 80 pL of
ddH;0.
3.7. Polymerase Chain Reaction

The PCR assay used primers (see below) designed at Trilink Biologicals Inc.
San Diego CA based on sequences of the 5 classical enterotoxin genes (sea, seb,
sec-1, sed-1, and see), and toxic shock syndrome toxin (£sst-I) genes initially
reported by Johnson et al. ,1991 (94). Twenty five uL PCR reactions were set up
each containing 5 pL of 5x buffer, 0.2 uL dNTP, 0.25 pL each forward and reverse
primers, 0.125 pL DNA polymerase, 17.175 pyL water and 2 pL DNA. The PCR was
run on a thermocycler program: 94 °C for 5 min; 30 cycles of 94 °C for 2 min, 55
°C for 1 min, and 72 °C for 1 min; 72 °C for 7 min and 20 °C forever. Primers to
the methicillin resistance gene mecA were also designed at Trilink Biologicals Inc.
San Diego CA, and the PCR assay done based on the protocol described by
Thomas et al. (2006) (163). Twenty-five pL tubes of PCR mixture were made as
the enterotoxins above and run in the thermocycler program 95 °C for 2 min; 30
cycles of 95 °C for 30s, 50 °C for 30 sec, and 72 °C for 30 sec; 72°C for 3 min;
and 20 °C until retrieved for testing. PCR products were visualized in 1.5%
agarose gels stained with ethidium bromide. Briefly, gels were stained in diluted
ethidium bromide (500 pL EBr: 500 mL of water) for 30 min and then destained in

distilled water for 15 min.
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sea gene:

o Forward primer: 5' TTGGAAACGGTTAAAACGAA 3'

o Reverse primer: 5' GAACCTTCCCATCAAAAACA 3'
s sebgene:

o Forward primer: 5' TCGCATCAAACTGACAAACG 3'

o Reverse primer: 5' GCAGGTACTCTATAAGTGCC 3'
o sec-1 gene:

o Forward primer: 5' GACATAAAAGCTAGGAATTT 3

o Reverse primer: 5' AAATCGGATTAACATTATCC 3'
o sed-1 gene:

o Forward primer: 5' CTAGTTTGGTAATATCTCCT 3'

o Reverse primer: 5' TAATGCTATATCTTATAGGG 3'
» Seegene:

o Forward primer: 5' TAGATAAAGTTAAAACAAGC 3'

o Reverse primer: 5' TAACTTACCGTGGACCCTTC 3
s [sst-1gene:

o Forward primer: 5" ATGGCAGCATCAGCTTGATA 3'

o Reverse primer: 5' TTTCCAATAACCACCCGTTT 3'
s mecAgene:

o Forward primer: AMATCGATGGTAAAGGTTGGC

o Reverse primer: AGTTCTGCAGTACCGGATTTGC
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3.8. Proteomic Analysis of Study Staphylococcus spp

3.8.1. Reactivation of the Staphylococcus Isolates

Individual study Staphylococcus isolates were removed from
cryopreservation, inoculated on blood agar plates and incubated for 18 h at 37 °C.
The next day, 3 colonies from each isolate were reinoculated in15 mL tubes
containing 3 mL of LB broth. The cultures were grown for 18 h at 37 °C with
continuous shaking at 200 x rpm.
3.8.2. Extraction of Staphylococcus Protein

Bacterial cells were harvested from Staphylococcus cultures by
centrifugation at 10,000 xg for 10 min at 4 °C., the supernatants discarded and
the pellet subjected to two washings in sterile phosphate buffer saline (SIGMA),
pH 7.2 (PBS) containing 1mM of the protease inhibitor phenylmethylsulphonyl
fluoride (PMSF, Amresco, Solon, OH). For each wash, the pellet was resuspended
in 2 mL of PBS/1mM PMSF, the mixture vortexed and centrifuged at 10,000 xg for
20 min at 4 °C. After the second wash, the pellet was resuspended in 150 pL of
SoluLyse™ Bacterial Protein Extraction Reagent (Genlantis, SanDiego, California),
followed by a 10 min incubation on a rocking platform at room temperature (rT).
This was followed by centrifugation at 14,000 xg for 5 min at rT, after which the
supernatant containing the soluble protein fraction was transferred into a clean
tube. The pellet constituting the insoluble protein fraction was‘resuspended in 300
uL SoluLyse™ Reagent and added to the soluble protein fraction. Protein

concentration was determined by the NanoDrop ND-1000 Spectrometer.
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3.8.3. Determination of Protein Concentration
Using the software Protein A280, protein concentration was determined with
NanoDrop ND-1000 Spectrometer. The instrument was initialized with 1 pL of
SoluLyse™ Bacterial Protein Extraction Reagent. The protein concentration was
determined by loading 1 pL of sample.
3.9. Sodium Dodecyl Polyacrylamide Gel Electrophoresis

Proteins extracted from Staphylococcus spp were analyzed by sodium
dodecy! sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). Twenty pg of
extracted protein from each of the study isolates were diluted 1:2 in sample buffer
(625 Mm Tris-HCI, pH 6.8 [vol/vol]; 10% glycerine [vol/vol]; 5% SDS [wt/vol];
0.002% bromophenol blue [wt/vol] plus 10% B-mercaptoethanol [vol/vol].
Samples were boiled for 4 min at 95 °C, cooled and loaded onto a 12% Tris-HCI
precast polyacrylamide gel (Bio-Rad Laboratories, Inc., Hercules, CA). Two pL of
Precision Plus Protein Standards, dual colored molecular weight marker (Bio-Rad
Laboratories, Inc., Hercules, CA) were loaded in a separate lane to permit
determination of the apparent molecular weight of interest protein. To fractionate
the bacterial proteins, SDS-PAGE was carried out in running buffer (25 mM Tris,
192 mM glycine, 0.1% SDS) at 150 V at constant voltage for 2 hours or until the
bromophenol blue dye front reached the bottom of the separating gel. Following
fractionation, the separated proteins were visualized by staining the gels with
Silver Stain Plus (Bio-Rad Laboratories, Inc.. Hercules, CA). This was performed as
described in the manufacturer’s protocol. The gel was incubated in silver staining
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kit ‘fixative enhancer solution’ [50% methanol (vol/vol), 10% acetic acid (vol/vol),
10% fixative enhancer concentrate (vol/vol), 30% ddH,0 (vol/vol)] for 20 min at
rT with gentle agitation. After fixing the gels, they were washed twice with 400 mL
ddH,0 for 10 min. The gels were then reacted with fresh ‘staining solution’ [5%
silver complex solution (vol/vol), 5% reduction moderator solution (vol/vol), 5%
image development reagent (vol/vol), 50% development accelerator solution
(vol/vol), 35% ddH,0]. After the desired staining intensity was attained, the
reaction was stopped by adding 100 mL of ‘stop solution’ [5% acetic acid (vol/vol)]
at rT for 5 min with gentle agitation. Finally, the gels were washed twice with
ddH;0 for 5 min and scanned (HP Scanjet G3010, CA, USA).
3.10. Immunobloting

Following SDS-PAGE, the Staphylococcus proteins were transferred onto
a polyvinylidene difluoride (PVDF) membrane. This was done in a wet transfer cell
(Bio-Rad Laboratories, Inc., Hercules, CA) using transfer buffer (25 Mm Tris, 192
mM gylcine, 20% [vol/vol] methanol, pH 8.3) at 100 V for 1 hr, at rT. The PVDF
was incubated overnight at 4 °C in blocking solution (5% Nonfat dry milk, 10%
TBS with 0.2 M Tris, 1.37 M NaCl, pH 7.6) with gentle agitation. The following day,
the membrane was washed in 10% TBS (0.2 M Tris, 1.37 M NaCl, pH 7.6) plus
0.2% Tween 20 (TBS-Tween), and then reacted with 20 mL diluted primary
antibody (anti-Staphylococcus enterotoxin mouse monoclonal antibody diluted
1:80,000 Antibody buffer; anti-Staphylococcus tsst-1 mouse monoclonal antibody

diluted 1:1600 Antibody buffer) for 2 hr at rT. The membrane was then washed
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with TBS-Tween and reacted for 1 hr with diluted secondary antibody (goat anti-
mouse IgG ALP 1; 10,000 [Abcam, Inc., Cambridge, MA]) at rT with gentle
agitation. After incubation with secondary antibody, the membrane was washed
three times with TBS-Tween, and then developed with premixed BCIP/NBT
substrate solution (Bio-Rad Laboratories, Inc., Hercules, CA) according to the
manufacturer’s instructions. After obtaining the desired background, the reaction
was stopped by washing 2 times with 5% acetic acid for 5-10 min and then air
dried at rT.

3.11. Statistical Analysis

The chi square test was done at a p-value of 0.0001 using EpiInfor 4.0
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4, RESULTS
4.1. Staphylococcus Isolates

The plant-derived foods tested during the study include: salads (n=34),
grapes (n=60), carrots (n=28), mushrooms (n=29), strawberries (n=29) and salsa
(n=62), while foods of animal origin are: cheese (n=28), chicken (n=29), beef
(n=29), pork (n=27), and sausages (n=30). Overall, 18.0% (n=62) of all the 385
study food samples were Staphylococcus-positive, and 82.0% (n=323) were
Staphylococcus-negative (Table 1). In summary, of the 385 food samples tested,
62.9% (n=242) were of plant origin and 37.1% (n=143) were of animal origin

(Table 1).

Staphylococcus Staphylococcus

Food samples negative samples positive samples

Animal origin 104 39

=385).
A statistically significant difference was found with (x2=21.01, p=<0.0001)
in the proportion of Staphylococcus positive samples in foods of animal origin 26.3
%( 39/143) and plant origin 9.5 % (23/242).
Of the foods of plant origin, mushrooms yielded the highest number of
Staphylococcus isolates (n=13). Two isolates came from strawberries, 4 from

grapes, 2 from salads, 1 from carrots and 1 from salsa (Table 2).
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Food type Staphylococcus  Staphylococcus  Staphylococcus

negative positive isolates

Salad . 2-5(94.1%) o 2(59% ‘*S}'héamo/ytiCUS(lv)‘,‘
| Grapes - ’56 (93.3%) 4 (6.6%4) *S. aureus (2);
S. warneri (1);
S. xylosus (1)
Carrots - 27(96.4%) 1(3.6%) S hyicus(l)
kMushroomsk 16 (55.2%) 13 (44;8%5 S;kepidermidi‘s(iy)u; 5
hyicus (2); S. sciuri (5);
S. xylosus (5)
Strawberries 27 (93.1%) 2(6.9%) S lugdunensis(1); S.
= = ' saprophyticus (1)
Salsa 61 (98.4%) 1(1.6%) S wamneri(1)

Table 2. The different Staphylococcus spp cultured from foods of plant origin (n=
242). *- Coagulase-positive Staphylococcus.

A statistically significant difference was found between the proportion of
Staphylococcus positive mushrooms and the other food of plant origin, however,
there was no significant statistical difference among the other foods of plant origin
(Table 3).

Of the foods of animal origin, on the other hand, 40.7% (n=11) of the pork,
37.9% (n=11) of the beef, 37.9% (n=11) of the chicken, 10.7% (n=3) of the

cheese, and 10% (n=3) of the sausage samples were Staphylococcus-positive

(Table 4).
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Food Type Staphylococcus

positive isolates

: Sala'd,;f; 59%(2)
’Grapes’ | "é.6% 4 |
Carrots 3.6% (1)
Mushrooms 144.8% (13)
Strawberries 6.9% (2)
Salsa B 1.6% (1)

No. of 95% Confidence

samples Interval (CI)

% 0.72-19.68
60 1851620
28 0.90-18.35
29 26.45-64.31
29 0852277

62 004866

Table 3. Comparison of the proportion of Staphylococcus positive isolates among

food of plant origin.

Food type Staphylococcus  Staphylococcus  Staphylococcus
negative positive samples isolates
samples

Cheese 25 (89.3%) 3(10-7%) S. saprophyt/cus -

‘ . (3) :

Chicken 18 (62.1%) 11 (37.9%) *S. aureus (4); S.

hominis (3); S.
xylosus (1); S.
hyicus (3).

- *S, aureus (4),

Beef

Pork 16 (59.3%)

Sausage

3 (10%)

11 (40.7%)

S warneri(l) S.
 hyicus (1); S.
, saprophyt/cus (1)

warneri(3); S.
ureolyticus (1); S.

- epidermidis (3)

*S. aureus (3); S.
warneri (4); S.
mitis (2); S.
hominis (1); S.
scheleferi (1)

Table 4 Staphylococcus spp cultured from foods of animal origin (n= 143).

*- Coagulase-positive Staphylococcus.
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A statistically significant difference was found between the proportion of
Staphylococcus positive cheese and the proportion of Staphylococcus positive
beef, chicken and pork. Similarly, a statistically significant difference was found
between the proportion of Staphylococcus positive sausage and the proportion of
Staphylococcus positive beef, chicken and pork. However, there was no significant
statistical difference between pork, beef and chicken (Table 5).

Of the 62 Staphylococcus spp identified in the study, 13 were CPS and 49

were CNS.

Cheese Chicken Beef Pork Sausage

691

“Cheese co

012

(0.009)* (0.009)* (0.011)*  (0.732)

Chicken 0.00 0.05 6.36
(1.000) (0.830) (0.012)*
Beef e E 10.05(0.830) 6.36(0.012)*
Pork 7.25
(0.007)*

Table 5. Comparison of the proportion of Staphylococcus positive isolates among
foods of animal origin. An asterisk denoted a p-value that has a statistically
significant difference.
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4.2, Staphylococcus spp from Diagnostic Animal Samples
A total of 30 Staphylococcus spp isolated were cultured from diagnostic
animal samples submitted to the NDSU-VDL. The animal species studied were
bovine (n=7), pig (n=10), dog (n=4), cat (n=7), goose (n=1) and deer (n=1)
(Table 6). Of the 30 Staphylococcus isolates studied, 7 isolates were CPS and the

other 23 were CNS.

Animal species No. of isolates Staphylococcus isolates

Bovine. ‘ 7 S intermedius (3); S, hy/cus(l), S. xylosus
' ~ (2); S. warner/(l);.ﬁ :

Pig“ - 0 S hy/cu5(5), s saprophyt/cus(l),
heamolyticus (1); S. xylosus (1); S. warneri
(1); *S. aureus (1)

Dog 4 *S.intermedius (2); S. warneri(1);
e “ ~ S. intermedius (1) ‘

Cat 7 - *S. /entus(l)} *5 jéureus (2); S. felis (1); S.
xylosus (1); S. hyicus (1); S. intermedius (1)

XS, gallinarum (1)

1 | S. hyicus (1)

Table 6. The different Staphylococcus spp cultured from diagnostic animal
samples (n=30). *- Coagulase-positive Staphylococcus.
4.3. Coagulase Test Results
Of the 72 CNS isolates, 18 were S. hyicus, 13 were S. warneri, 11 were S.
Xylosus, 6 were S. saprophyticus, 5 were S. sciuri, 3 were S. intermedius, S.
hominis and S. epidermidis, 2 were S. heamolyticus, 1 S. scheleferi, S. lentus, S.

gallinarum, S. ludgnensis, S. mitis, S. ureolyticus, and S. felis respectively. Overall,
28



Staphylococcus hyicus was the most frequently isolated Staphylococcus (19.6%)
from all the samples. Other species isolated include: S. aureus (17.4%), S. warneri
(15.2%), S. xylosus (12.0%), S. saprophyticus (6.5%), S. sciuri (5.4%), S.
intermedius (5.4%), S. epidermidis (4.3%), S. hominis (4.3%), S. heamolyticus
(2.2%), S. scheleferi (1.1%), S. mitis (1.1%), S. ludgnensis (1.1%), S. ureolyticus

(1.1%), S. lentus (1.1%), S. gallinarum (1.1%)and S. felis (1.1%) (Figure 1).
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Figure 1. Study Staphylococcus isolates (n=92)
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Of the 92 Staphylococcus isolates, 21.7% (n=20) were CPS while 78.3%
(n=72) were CNS. Of the 20 CPS isolates, 16 were 5. aureus (2 from diagnostic
cat samples, 1 from pig, 4 from pork, 4 from chicken, 3 from beef, and 2 from
grapes). The other CPS were 2 isolates of 5. intermedius from diagnostic dog
samples, 1 S. gallinarum from a diagnostic goose sample and 1 S, /entus from a

diagnostic cat sample (Tables 2, 4 and 6).

4.4. PCR Analysis of Staphylococcus Toxin Genes and Immunoblot

Analysis

Staphylococcus spp were separated into two groups based on coagulase test
results after which they were divided into batches of 13 and analyzed by the PCR
assay. Isolates that were positive for enterotoxin genes by PCR were further
analyzed by immunoblotting for the expression of the corresponding toxigenic
protein. For clarity, the study isolates from food samples (n=62) were analyzed
separately from the diagnostic samples (n=30). Of the 13 CPS isolates from food
samples, 15.4% (n=2) were positive for the sec gene (Figure 2a) and SEC toxin
(Figure 2b). The two sec-positive isolates were both S, aureus cultured from steak

procured from a grocery store in Fargo, ND.

One CPS isolate from a cat diagnostic sample also tested positive for sec gene
(Figure 3a) and SEC toxin (Figure 3b). The same diagnostic sample was also

positive for the tsst-1 gene (Figure 4a) and TSST-1 toxin (Figure 4b).
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Figure 4: A coagulase-positive Staphylococcus isolate cultured from a diagnostic
cat sample was positive for the tsst-1 gene (Fig. 4a) and the corresponding SEC
toxin (Fig. 4b).

Legend: Ladder- Promega DNA ladders #G210A; MWM- Bio-rad # 161-0374
(Precision plus protein standard dual color); 5. aureus ATCC # 51650- tsst-1; 3a
and 3b- S. aureus (diagnostic cat sample).

Of the 72 CNS isolates, 1 S. /Jugdunensis isolate cultured from strawberries
tested positive for the sec gene (Figure 5a) but was negative for the SEC toxin
(Figure 5b), while 2 S. hominis isolates showed unexpected base pair products

with primers designed against the see gene (Figure 6a) and were likewise negative

for the corresponding SEE toxin (Figure 6b).

33



ATCC
bp Ladder 19095 da 4b

1500
1000

500
400

300 g
200:

ATCC

kDa MWM #19005 43 4b

75

50
37

25
20

Figure 5. A coagulase-negative Staphylococcus isolate cuitured from strawberries
was positive for the sec gene (Fig. 5a) but negative for the SEC toxin (Fig. 5b).

Legend: Ladder- Promega DNA ladders #G210A; MWM- Bio-rad # 161-0374

(Precision plus protein standard dual color); S. aureus ATCC # 19095- entC; 4a
and 4b- S. lugdunensis (strawberries).
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Figure 6. Two coagulase-negative Staphylococcus spp cultured from chicken were
tested by PCR and gave unexpected base pair products of a different size with see

primers (Fig. 6a). Both isolates were negative for the SEE toxin by immunoblotting
(Fig. 6b).

Legend: Ladder- Promega DNA ladders #G210A; MWM- Bio-rad # 161-0374
(Precision plus protein standard dual color); S. aureus ATCC # 27664- entE; 5a
and .- S. hominis (chicken) and S. hominis (chicken).

All the other study Staphylococcus isolates tested negative for the classical

enterotoxin and fssf-1 genes (Figure 7).
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Fig. 7e. Legend: Ladder - Promega #
G210A; S. aureus ATCC # 27664- see.
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Fig. 7b. Legend: Ladder -Promega
#G210A; S. aureus ATCC # 14458- seb.
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Fig. 7d. Legend. Ladder - Promega
#G210A; S. aureus ATCC # 23235- sed.

- 350ty

Fig. 7f. Legend' Ladder — Promega #
G210A; 5. aureus ATCC #- 51650- fsst-1.

Figures 7a-f: A total of 86 Staphylococcus isolates tested negative for classical

enterotoxin and £sst-1 genes.
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4.5. Antimicrobial Susceptibility Patterns

All the study 92 Staphylococcus isolates were tested for susceptibility
patterns of 20 antimicrobial agents. For this analysis, the isolates were grouped
into CNS and CPS, and the antibacterial agents grouped into B-lactams and non-p
lactam antibacterial agents. Overall, most of the isolates were sensitive to the 20
antibacterial agents tested (results not included). On the other hand, resistance to
old generation B-lactam antibacterial agents like penicillin and ampicillin was as
high as 80.0% within the CPS sub-group, and 50.0% among the new generation

B-lactam antibacterial agents (Table 7).

Amoxicillinl 50 50

Clavulanic acid

Ampicilin 70 10 20
Cefazolm 50 '50 |

Cefoxitn 50 50

Cefpodoxime 50 50

‘Imipenem 40 45 5
Oxacillin + 2% 50 50 |
Nacl

Penlcﬂlln 80 5 15
Ticarcilin 50 30 30 -
Ticarcillin/ 50

1 ‘Clavulamc acad

Table 7. Antlmlcroblal agent susceptxbmty patterns of coagulase posntlve
Staphylococcus (n=20) to B-lactam agents.
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When compared to non-B-lactam antibacterial agents, 85.0% of the CPS
isolates were sensitive (results not included). Resistance to B-lactam antibiotics by

CNS was generally lower (>50.0%) compared to the CPS sub-group (Table 8).

Drug  Resistan Sensitive No interpretation Intermediate
o . t(%) (%)  possible (%) (%)
Amoxicillin/ 36 64
Clavulanic acid
Ampicillin 35 11 9l e
Cefazolin o 36 64‘ |
‘Cefomtm*? s T
Cefpodox1me 35 65 M
?‘fImlpenem 3B e 10
Oxacnllm + 2% 33 77 S
Nacl
Penicillin 42 58
Ticarc’iyllin 39 61
61

; Clavulamc,_cl

Table 8. Antimicrobial agent susceptnblllty patterns of coagulase negatwe
Staphylococcus spp (n=72) to B-lactam antibacterial agents.

4.6. Incidence of the mecA gene
All 92 study Staphylococcus spp isolates were tested for the carriage of
mecA gene. Five percent (1/20) of the CPS isolates was positive for /mecd gene

(Figure 8). The S. galfinarum was isolated from a diagnostic goose sample.
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Figure 8. A coagulase-positive Staphylococcus spp cultured from a diagnostic
goose was positive for the mecA gene.

Legend.: Ladder- Promega DNA ladders #G210A; S. aureus ATCC #43300-
(mecA positive control); 7a and 7b- S. gallinarum (goose).

All CNS (62/62) and 95.0% (19/20) CPS were negative for mecA gene (Figure
9).
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Figures 9: A total of 91 Staphylococcus isolates tested negative for the mecA
gene.

Legend: Ladder- Promega DNA ladders #G210A; S. aureus ATCC #43300- (mecA
positive control).
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5. DISCUSSION AND CONCLUSIONS

Of all the 143 animal-derived food samples tested, 27.3% (39/143) were
Staphylococcus-positive compared to only 9.5% (23/242) of the plant foods (Table
1). Overall, 75.0% (69/92) of the Staphylococcus isolates came from animal
sources; of the 69 isolates, 56.5% (39/69) were cultured from foods of animal
origin (Table 1), and 43.5% (30/69) from diagnostic animal samples (Table 6). As
would have been expected, this data indicates that animal-derived foods have a
higher Staphylococcus contamination rate compared to foods of plant origin (Chi
square; p<0.0001). Itis widely documented in literature that animals and humans
are the main Staphylococcus reservoir with =50% of healthy individuals being
colonized by the organism (62, 127, 176). Supported by literature, therefore, the
present data would appear to suggest that foods of animal origin are
contaminated by the animal itself. It is also widely believed that food handlers are
a major source of contamination of table foods (62) including those that were
tested during the present study. However, testing of humans that came into
contact with the study food and animal samples was not attempted.
Contamination of food by humans in food processing plants is minimized by
wearing protective gear as well as maintaining unidirectional flow of food along
the processing chain. Future studies should attempt to evaluate the efficiency of
such systems as they may have significant implications in the epidemiology of

staphylococcal food poisoning (SFP).
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Among the foods of plant origin, mushrooms yielded the highest number of
Staphylococcus spp isolates (Table 2). Previously, other researchers have also
reported a surprisingly high incidence of Staphylococcusin mushrooms (28, 34,
111, 120, 158). Based on the reports by these researchers, the finding in the
current study appears not to be a random event but rather underscores the
potential that mushrooms may have in the epidemiology of SFP. Interestingly,
none of the previous studies have given a satisfactory explanation for this
observation. Subject to further investigations, the anatomy, and probably other
biological features unique to mushrooms, may facilitate growth and survival of this
agent.

Quite remarkably, 19.6% (18/92) of the Staphylococcus spp isolated from
both food and diagnostic samples were S. Ayicus (Figure 1). The latter is the most
frequently isolated pathogenic Staphylococcus spp in pigs in which it causes a
devastating disease called exudative dermatitis (/73). However of all the 18 S.
hyicus isolates, only 5 were from pig samples (Table 6). This finding appears to
imply that although routinely considered a primary pathogen of pigs, S. Ayicus
may be more widely distributed in nature.

In this study, Staphylococcus isolates were either grouped as CPS or CNS
and their ability to produce toxins analyzed. Coagulase is an enzyme produced by
some Staphylococcus spp that causes clot formation and Staphylococcus spp are
grouped into CPS and CNS based on this characteristic. The present experimental
data shows that 21.7% (20/92) of the study Staphylococci were coagulase-positive
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and 78.3% (72/92) coagulase-negative. Of the CPS isolates, 65% (13/20) were
from food samples and 35% (7/20) from diagnostic samples. Thirty one point nine
percent (23/72) of the CNS isolates were from diagnostic samples and 68.1%
(49/72) from food samples (Tables 2, 4 and 6). Despite the fact that S. aureusis
the prototype of the CPS subgroup, there is evidence that indicates that some of
S. aureus strains may be coagulase-negative (122). Likewise, a number of
coagulase-positive S. intermedius (148), S. delphini (1753), S. hyicus (148), S.
lutrae (65) and S. schleiferi subspp coagulans (86) strains have been reported.
Based on the above literature, therefore, demonstration of 2 coagulase-positive S.
intermedius isolates is not surprising. However, the isolation of coagulase-positive
S. gallinarum and S. /entus is quite interesting since no previous literature exists
that documents such strains of Staphylococcus. S. aureus, the prototype of CPS
group, has been associated with SFP since the early 1970s (83). Several studies
have since demonstrated toxigenic S. aureus in food stuffs (2, 31, 106, 149, 150).
At the beginning of the last decade, coagulase positive S. intermedius was shown
to express SEs (15). Whereas CNS were initially thought to be avirulent, research
has shown over time that members of the subgroup can also express SEs (13, 93,
168) and S. intermedius has been linked to food poisoning (99).

Using the PCR assay, all study Staphylococcus isolates were screened for
genes that encode five classical enterotoxins and toxic shock syndrome toxin-1.
The results were further corroborated by immunoblotting analysis to establish if

the PCR-positive isolates expressed the corresponding toxins. As presented in
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results under 4.4 above, 15.4% (3/20) of the CPS isolates were positive for both
the sec gene and SEC toxin but not any other classical enterotoxins. These results
are in agreement with the reported range of toxigenic 5. aureus isolates (46). The
toxigenicity of CPS is well documented with 5-20% of S. aureus reported to be
toxigenic (48). The percentage of toxigenic CPS reported here is most likely an
underestimate of potentially enterotoxigenic coagulase-positive Staphylococci since
only the five classical enterotoxins, and none of the newly described enterotoxin-
like genes, were screened for in the present study. Therefore, it is reasonable to
speculate that if the study Staphylococcus spp were screened for all the
staphylococcal enterotoxin genes, the newly described ones included, the
prevalence of enterotoxigenic staphylococci might be much higher than currently
reported (1.32). It is important to note that 2 of the se¢/SEC positive isolates were
cultured from steak. Staphylococcal food poisoning in humans normally follows
ingestion of food containing about 100,000 bacterial cells/g of food (62). Since SEs
are heat stable, it is plausible to conclude that the sec/SEC-positive-S. aureus from
the steak could have potentially caused food poisoning to the consumer since SEs
are heat stable. Huang et al (2005) (82), reported an incident in Louisiana State in
which SFP occurred in persons that ate contaminated ham. The other sec/SEC-
positive Staphylococcus isolate was from a diagnostic cat sample. Interestingly the
same isolate was also ¢s55£-1/TSST-1-positive. Isolation of a se¢/SEC positive
Staphylococcus strain from a diagnostic cat sample underscores the risk of

potential zoonotic transmission of toxigenic Staphylococcus spp from companion
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animals to humans. It is also possible that humans getting infected from their
cats, and/or the infected cat itself may then contaminate food supplies.
Staphylococcus spreads by direct contact often via the hands of an infected food
handler (38, 109). As a matter of fact, food handlers have been implicated in SFP
outbreaks (44, 95, 115). Zonootic transmission by direct contact is possible but its
clinical significance is still controversial (57).

In the present study, the enterotoxigenicity of CNS isolates was evaluated
using PCR and immunoblotting. Of the various CNS isolates tested, a S.
lugdunensis isolate cultured from strawberries was positive for the sec gene but
not the corresponding SEC toxin. The pathogenicity of CNS has been reported by a
number of researchers (13, 15 93, 99) but also questioned by others (51, 174,
186). To definitively determine toxin producing ability in the sec gene -positive S.
lugdunensis isolate would need to be subjected to growth conditions that favor SE
production. As a number of workers have shown, the production of SE is
dependent on a number of factors including but not limited to the expression of
agr(131), various amino acids (1.36); and neutral pH (146). Likewise, the
production of SE is inhibited by glucose (19), low pH (131, 147) and salt
concentrations above 12% (130). A nhumber of researchers have previously
reported enterotoxigenic CNS including: S. cohnii, S. epidermidis, S. xylosus, S.
heamolyticus, S. hyicus, S. lentus, S. capitis, S. lentus, S. warneri, S. hominis, S.
saprophyticus, S. schleferiand S. equorum (1, 9, 13, 27, 48, 80, 134, 168, 174).
However, literature indicates that S. intermedius is the only CNS species that has

44



been definitively demonstrated in SFP outbreaks (99). Several workers have also
reported that CNS may produce £sst-1 alone or in combination with other toxins
(48, 96, 168). Based on data obtained in the present study, none of the CNS
tested positive to £sst-1. A study by Valle et al, 1991 (170) reported up to 16% of
CNS as tsst-1 positive.

Two S. hominis isolates from chicken gave unexpected base pair products
with primers designed against the see gene. Classical SEs are encoded by a cluster
of polymorphic genes that show a high degree of homology in their base
sequences. Base sequence similarities in the range of 15.0 to 90.0% are not
surprising and have in fact been reported for the sea and see genes (142, 171)
suggesting that primers designed for the see gene may inappropriately bind the
sea or other enterotoxin genes.

Based on the immunoblotting data, all the S. aureusisolates included in the
Western blots expressed Protein A, a 60 kDa protein which was not expressed by
the other Staphylococcus isolates (Figure 2-6). Protein A binds the Fc portion of
the immunoglobulin G (IgG) molecule and because the Protein- IgG binding is in
the wrong direction, the resulting steric interference disrupts opsonisation and
phagocytosis. This phenomenon increases the virulence of isolates that express
the protein by acting as an immunologic disguise and preventing phagocytosis
(70).

As part of the research objectives, the antimicrobial sensitivity profiles for

all the study Staphy/lococcus isolates were tested against 20 antibacterial agents.
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Generally, most of the isolates were sensitive to most of the antibacterial agents
used in the study (results not included). However, up to 80% of the CPS isolates
were resistant to the old generation B-lactam antimicrobial agents and 50% were
resistant to the new generation antibiotics (Table 5). Generally, on the other hand,
less than 50% of the CNS were resistant to B-lactam antibiotics (Table 6). Notably,
80% of the CPS were resistant to penicillin similar to data reported by the CDC,
(CDC, 2005); but less than 50% of CNS were resistant to penicillin. When penicillin
was introduced in 1944, 94% of Staphylococcus spp were susceptible to the drug
(112). However, at present, 80-90% of Staphylococci are resistant to penicillin
(36, 133). In the presnet study, 5% (1/20) of the CPS and none of the CNS
isolates were positive for mecA gene. The mecA-positive isolate was also resistant
to penicillin and oxacillin +2% NaCl confirming that the methicillin resistance
mechanism was most likely responsible for the poor antimicrobial sensitivity
observed. Research by Meas, 2002 (116) showed S. cohniiand S. lugdunesis that
were resistant to oxacillin MICs did not amplify mecA with PCR suggesting that the
resistance was mediated by a mechanism other than one involving mecA. In
another study, 11 Staphylococcus isolates that were susceptible to oxacillin tested
positive for the mecA gene and of the 11 isolates, 4 were CNS (43). Methicilin
resistant Staphylococcus aureus (MRSA) are a public health problem worldwide.
Research carried out in different parts of the world has shown predominance of
MRSA over susceptible isolates (182). Recently, a Staphylococcus strain associated

with a food poisoning outbreak was also resistant to methicilin (95). This
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documents the potential of MRS to cause food poison in a community setting.
Phenotypic and genotypic methods are used to detect resistance in Staphylococcus
spp with genotypic methods having higher sensitivity and specificity compared to
phenotypic methods; however, genotypic methods are not always available in all
laboratories (167).

The major goal of this study was to assess the potential role played by CNS
in the epidemiology of foodborne illnesses, and to determine the likelihood of food
and domestic animals as transmission vehicles of mecithillin resistance. A single
CNS isolate (S. /ugdunensis) from strawberries tested positive for the sec gene but
not the SEC toxin while 2 isolates of 5. hominis from chicken gave unexpected
base pair products with see primers. These findings underscore the potential role
played by food-derived CNS in the epidemiology of SFP, and warrant more
extensive studies involving a bigger sample size to address the research question.
The 2 se¢/SEC positive S. aureus isolates from steak confirm the undisputed role
CPS have in the epidemiology of SFP. Also, the se¢/SEC and fsst-1/TSST-1 positive
S. aureus from a diagnostic cat sample further highlights the importance of
companion animal as potential reservoirs for Staphylococci of zoonotic and public
health importance. Together with the mec4-positive S. gallinarum isolate from a
diagnostic goose sample suggest that food may serve as a vehicle of foodborne
disease caused mecithillin resistant Staphylococci. A much broader study involving
more samples should exhaustively investigate the role of CNS in the epidemiology

of food poisoning.
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