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Methicillin-Resistant Staphylococcus aureus (MRSA), a pathogenic strain of 
Staphylococcus aureus, results in thousands of infections and associated deaths each 
year.  A strain of MRSA, USA300, has been identified as the most common cause of skin 
and soft tissue infections acquired from the community in the United States. The goal of 
our study is to determine the prevalence of the USA300 strain, responsible for new 
community-associated MRSA infections, on Belmont University’s campus via PCR 
detection of the Panton-Valentine Leukocidin (PVL) gene, a bacterial toxin. We collected 
isolates from different locations on Belmont’s campus, confirmed them as MRSA using 
Gram staining, coagulase testing, and the use of the Kirby-Bauer disk diffusion assay.  
Bacterial DNA was isolated and PCR analysis performed to identify the PVL gene. We 
found PVL in Intermediate Methicillin Resistant Staphylococcus aureus isolates. This is 
surprising because the presence of PVL causes otherwise harmless Staph infections more 
severe and lethal if left untreated. In addition, there is very little literature on 
Intermediate Staphylococcus aureus infections alone, as well as its relationship with 
PVL. The presence of this exotoxin on Belmont’s campus puts individuals at greater risk 
of a severe infection and proper preventive protocol needs to be followed to ensure 
safety.  

 
INTRODUCTION 

 
Staphylococcus aureus and Staph infections 
Staphylococcus aureus (S. aureus) is a gram-positive, coccus shaped bacterium. Microscopically, 
it appears in tetrads and grapelike clusters and forms large, convex, golden colonies on growth 
plates (aureus is Latin for “gold”). S. aureus is often part of the normal human flora and it is 
primarily found in the nasal cavities of about 30% percent of the population, but it can also be 
found in other mucous membranes such as the vagina and the perianal region (Archer, 1998). 
Staph infections occur when the microbe is introduced into the body via a puncture to the 
epidermis. The pathogenesis of staph infections is as follows: colonization, local infection, 
sepsis, metastatic infection, and toxinosis (Archer, 1998).  
 
Colonization refers to the introduction of Staph into a cut, tear, or any opening of the epidermis. 
This initial infection then leads to a local infection. Sepsis then follows when microbes are found 
in the blood and leads to metastatic infection. Metastatic infection is similar to metastasis in 
terms of cancer, where an infection from one area of the body moves, or metastasizes, to another 
part of the body. Finally, toxinosis is when the body is overtaken by the toxins the pathogen 
releases.  

 



Historically, infections with MRSA and Staph primarily occurred in healthcare settings for 
people who were receiving invasive inpatient care. Most recently, however, there has been an 
emergence of MRSA infections within the community. The CDC states that the people most at 
risk are those who share towels/razors, athletes, daycare workers, incarcerated persons, students, 
people in the healthcare field, and people who have recently received medical care (CDC, 
Methicillin-resistant Staphylococcus aureus (MRSA) infections). In addition, Klevens et al. state 
that men who have sex with men, African Americans, Native Americans, Pacific Islanders, and 
intravenous drug users are also highly at risk (2006). 

 
MRSA 
It was not until the 1960s that the first recorded methicillin resistant strain occurred. Around that 
time, a new class of drugs, known as β -lactams, became available for treatment of bacterial 
infections (David and Daum, 2010). β –lactam antibiotics inhibit bacterial growth by disrupting 
cell wall development. They also bind to the active site of a series of membrane bound enzymes 
responsible for inserting the peptidoglycan precursors into the growing wall (Guignard, et al., 
2005). Some strains of MRSA produce the enzyme β -lactamase, which inactivates β –lactam 
antibiotics. (Stapleton and Taylor, 2002). Methicillin is a β –lactam antibiotic and a derivative of 
penicillin, and contains two hydroxyl groups on its structure, which are resistant to β –lactamases 
(Stapleton and Taylor, 2002). 
 
Because S. aureus is a gram-positive bacterium, it has a thick layer of peptidoglycan that serves 
as a shield. Without cross-linking of the peptidoglycan, the cell wall becomes mechanically 
weak; the cell is left with only the plasma membrane and is susceptible to osmotic pressure. The 
cytoplasmic contents leak, and the cell dies. There are four naturally occurring Staph protein 
binding proteins (PBP). However, some MRSA strains have a mutated PBP, known as PBP2a, 
which allows continued cell well synthesis in the presence of β -lactamases. (David and Daum, 
2010). Phino et al. discuss that the β-lactam resistance in MRSA involves the addition of the 
new, acquired PBP2a to the four native staphylococcal PBP (Phino et al., 2001). The PBP2a is 
assumed to take over the cell wall functions of normal PBPs in the presence of β-lactam 
antibiotics, which inactivate each of the four native staphylococcal PBP (Phino et al., 2001). The 
mecA gene encodes for PBP2a. (Stapleton and Taylor, 2002). This mutation in the DNA of 
MRSA allows for its resistance to β –lactam antibiotics, such as methicillin.  
 
MRSA has plagued millions of people with terrible skin infections, sepsis, and even death. 
According to the Centers for Disease Control, 2 in 100 people carry MRSA (CDC, MRSA 
Infections). Also, 1 in 20 people will contract MRSA via hospitalization each year. (CDC, Vital 
Signs). Additionally, there were 80,641 new MRSA infections in 2011 and of these infections, 
11,285 people died (CDC, MRSA Tracking). To put this in perspective, in the same year there 
were 49,273 new cases of HIV infection and 7,683 HIV/AIDS related deaths (CDC, Fast Stats. 
AIDS and HIV, Vital Signs March 2011). Understandingly, the CDC classifies MRSA as a 
“serious risk” (CDC, Antimicrobial Resistance Threats in the US 2013). 
 
MRSA Classes 
There are a number of different ways to classify MRSA infections, and it depends on where the 
infection first occurred and the ailments caused. The three main categories of MRSA infection 
are healthcare-associated (HA-MRSA), community-associated (CA-MRSA), and healthcare-



associated-community-onset (HA-CO) MRSA infection (David and Daum, 2010). HA-MRSA 
infections are classified as infections that were contracted in the hospital setting after admission; 
CA-MRSA infections are classified as infections that were not contracted in any healthcare or 
clinical setting, and HA-CO-MRSA infections are characterized as those obtained in out-patient 
procedures (dialysis, chemo etc.) or having a history of MRSA infections, surgery, or recent 
hospitalization (Klevens et al., 2006). 
 
CA-MRSA 
Recent studies show that the majority of new MRSA infections are community associated. In 
fact, over a five-year period, a study found that CA-MRSA infections increased by four fold 
(Johnson, et al., 2007). Until recently, MRSA was found in one place, the hospital. In a different 
study done by Klevens et al., it was found that the majority of new infections in nine locations in 
the United States were, indeed, from community infections (Klevens et al., 2007). 
 
A common strain of CA-MRSA has been identified as the USA300 strain and is the case of the 
majority of new MRSA infections (Klevens et al., 2006; Klevens, et al., 2007; Johnson, et al., 
2007; David and Daum, 2010). In addition, CA-MRSA usually affects healthy people, i.e. non-
hospitalized individuals (Voyich et al., 2006). Indeed, a study of healthcare-associated 
bloodstream infections showed that 99% of the infections were from CA-MRSA and were the 
USA300 strain (Seybold, et al., 2006).  
 
PVL 
The Panton-Valentine leukocidin (PVL) is a staphylococcal exotoxin belonging to the pore-
forming toxin family (Genestier, et al., 2005). PVL’s pathogenicity causes apoptosis, 
programmed cell death, or necrosis of the body’s host defense cells, such as neutrophils 
monocytes, and macrophages (Genestier, et al., 2005). In the body’s immunological defense 
system, neutrophils are the primary defense against bacterial infections (Voyich et al, 2006). 
When there is an infection, such as a skin or soft tissue infection, neutrophils travel to the site of 
infection at the tissue via the bloodstream to phagocytize the bacteria causing the infection 
(Genestier, et al., 2005). PVL, however, induces the neutrophil’s own death therefore preventing 
phagocytosis. In addition to being a virulence factor, PVL is exclusively found in CA-MRSA 
infections, and is primarily associated with the USA300 strain (Voyich et al, 2006; King et al., 
2006). 
 
Previous studies 
In 2009 Brittany Moe, a student of Dr. Jennifer Thomas, examined the incidence of PVL in 
MRSA and methicillin sensitive Staphylococcus aureus (MSSA) isolates in female athletic 
facilities. Moe found PVL that 20% of her MRSA isolates and 25% of MSSA isolates contained 
PVL (Moe and Thomas, 2009). We wanted to repeat this study with different locations and also 
use PVL as a marker of the USA300 MRSA strain.  
 
Research Question 
This study aimed to determine how many of isolates on Belmont University’s campus contain 
CA-MRSA, but more importantly, how many of the isolates indicate the USA300 strain by the 
presence of the PVL gene. In addition, we wanted to investigate the prevalence of PVL on 
Belmont’s campus compared to the rates found in 2009. Because the USA300 strain not only 



causes CA-MRSA infections but also causes new infections within the healthcare system, it is an 
important public health concern. PVL is found primarily in CA-MRSA USA300 strains, and 
because it is so virulent and causes more invasive infections, if we find that the majority of 
isolates contain PVL, then this will be of a great concern. We hypothesized that the majority of 
the MRSA infections that we examine will contain the USA300 strain, and if that is the case then 
we will present our findings to the university and suggest better ways to protect students from 
this pathogenic exotoxin.  
 

MATERIALS AND METHODS 
 

Bacterial Strains 
For the purpose of this study, positive and negative controls were used. Lab strains of 
Staphylococcus aureus and Staphylococcus epidermidis (S. epidermidis) were obtained from 
Carolina Biological Supply Company. ATCC 43300 (Manassas, VA) was used as the MRSA 
positive control, ATCC 25923 (Manassas, VA) was used as the MSSA positive control, and 
ATCC 49775 (Manassas, VA) was used as the PVL positive control.  
 
Isolate Collection 
Isolates were taken from various locations on Belmont University’s campus and coded. To 
obtain the samples, deionized water was autoclaved, sealed, and kept at 4ºC until use. Sterilized 
cotton swabs were moistened in the sterile, autoclaved water and then placed in sandwich bags. 
At the location, an area was swabbed and then the cotton swab was placed back into the 
sandwich bag. Upon returning to the laboratory, the samples were swabbed on Mannitol Salt 
Agar (MSA) (Sigma-Aldrich St. Louis, MO) plates and incubated overnight at 37ºC. MSA plates 
are selective for the Staphylococcus genus and differential for S. aureus and non-mannitol 
fermenting species.   
 
Confirmation of Staphylococcus aureus Isolates 
Following incubation, we observed growth on the MSA plates. The sample was identified based 
on the presence or lack of a bright yellow halo surrounding the colony. A bright, yellow halo 
indicates S. aureus, whereas growth and no halo does not. Confirmed lab strains of S. aureus and 
S. epidermidis were used as positive and negative controls, respectively for mannitol 
fermentation. S. aureus ferments mannitol and S. epidermidis does not. Samples that fermented 
mannitol were then analyzed using gram staining.   
 
We then took a colony from MSA plate and performed gram staining using the Protocol Gram 
Staining Kit (Fisher Scientific, Pittsburg, PA). Each isolate was then observed for further 
identification. If the sample was gram positive, coccus, and appeared in tetrads or grapelike 
clusters, then it would be subjected to further tests.  
 
The final step in identification of isolates was coagulase tube testing. S. aureus causes 
coagulation.  BBL Coagulase Rabbit plasma with EDTA (Becton, Dickinson and Company 
Sparks, MD) was rehydrated with 5mL of sterile, autoclaved water and then aliquoted in 0.5mL 
amounts into microcentrifuge tubes. The tubes were stored at -80ºC until use. Isolates were taken 
from MSA plates and transferred to Tryptic Soy Agar (TSA) (Becton, Dickinson and Company 
Sparks, MD) plates and incubated at 37ºC for 18 hours because the organisms needed to be 



metabolizing at the time of coagulase testing. Isolates were then taken from TSA plates to sterile, 
autoclaved test tubes containing Tryptic Soy Broth (TSB) (Becton, Dickinson and Company 
Sparks, MD). The tubes were incubated at 37ºC for 18 hours. Following incubation, 0.5mL of 
rehydrated coagulase plasma was added to a clean, sterile test tube. 0.5mL of the overnight TSB 
culture was added to the tube as well. Solutions were mixed gently and then incubated at 37ºC 
for 4 hours, checking at each hour for clumping. Samples which coagulated the broth were 
confirmed to be S. aureus and went under further analysis.   
 
Detection of MRSA 
Confirmed S. aureus samples to be tested were transferred from TSA plates to TSB and placed in 
a 37ºC incubator for 18 hours. Following incubation, the broths were removed and vortexed to 
break up the pellet. The tubes were then standardized to the same level of turbidity. To do this, 2 
mL of inoculated broth was added to a clean, sterile test tube and then 2-3mL of sterile, 
autoclaved TSB was added to the new tube until the appropriate turbidity reached. This was 
performed for all samples to reach uniform turbidity. 
 
Mueller-Hinton agar (MH) (Fluka Anylitcal, Sigma-Aldrich, St. Louis, MO) was used to set up 
disk-diffusion plates. 25mL of MH agar was poured into clean, sterile petri dishes and stored at 
4ºC until use. Upon use, plates were removed from the refrigerator and placed in the 37ºC 
incubator to reach room temperature. Following that, the plates were inoculated using sterile 
cotton tip applicators. The plate was streaked three times, each time turning the plate 60º to 
ensure proper, uniform growth over the entire plate. Following inoculation, an oxacillin disk 
(1μg, Oxoid, Lenexa, Kansas) was transferred from its package using sterilized forceps and was 
placed in the center of the MH plate. The plates were then incubated in the 37ºC incubator for 24 
hours. Following incubation, the diameter of the zone of inhibition on each plate was measured 
to test for susceptibility and resistance. A zone of inhibition with a diameter 10mm or less is 
classified as MRSA, 11-12mm as “Intermediate,” and 13mm and above as MSSA (CDC, Testing 
for MRSA). Results were recorded.  
 
PBP2a Testing 
To test for the presence of PBP2a in isolates, we used the Oxoid PBP2’ Latex Agglutination Kit 
and followed the protocol. MRSA, Intermediate, select MSSA samples (those who’s diameter of 
zone of inhibition were less than 20mm), ATCC PVL (+), and ATCC MSSA samples were 
grown overnight (approximately 18 hours) on TSA plates at 37ºC. Following incubation, a 
loopful of bacteria, about 1mm thick, was transferred to a microcentrifuge containing Extraction 
Reagent 1. The tubes were then placed in a heating block for three minutes and then allowed to 
cool to room temperature on the bench. Then, Extraction Reagent 2 was added to the 
microcentrifuge tubes, mixed, and centrifuged. Following the centrifugation, 50μL of the 
supernatant was added to the card containing test and control latex. The card was then rocked 
back and forth for three minutes and the presence of clumping was detected. Results were 
recorded.  
 
DNA Isolation 
DNA was isolated from the MRSA, Intermediate, select MSSA samples, ATCC PVL (+), and 
ATCC MSSA samples. The first step in isolating the DNA was to grow samples in sterile TSB 
for 18 hours at 37ºC. After the samples were grown, the tubes were vortexed to break up the 



pellets. Protocol from the QIAamp DNA Blood Mini Kit (Qiagen, Valencia, CA) was used. 
Samples were loaded into microcentrifuge tubes with enzyme buffer and centrifuged. The recipe 
for the enzyme buffer is as follows:  100 mM EDTA, 100 mM Tris base HCl (pH 8), 0.12mL of 
NP-40, 0.2g of lysozyme and enough deionized water to fill the sterile, conical tube to the 10mL 
mark. Then the sample was added to a spin column to and centrifgued again. Afterwards, the 
sample was washed with the first buffer, centrifuged, and washed with the second buffer. The 
spin column was then placed in a microcentrifuge tube and the sample was eluted, centrifuged, 
and eluted and centrifuged a final time. The resultant samples were collected in microcentrifuge 
tubes and stored at 4ºC until use.  
 
To determine DNA concentration, 10μL of sample was added to 90μL of deionized water in a 
clean, sterile microcentrifuge tube to create a 1:10 dilution. The sample was then loaded into a 
UV spectrophotometer and concentrations were read at A260 and A280, to make sure that the ratio 
of DNA purity fell between 1.7-2.0. The readings were recorded. To determine the DNA 
concentration, the following formula was used: 
 

DNA Concentration = (A260 reading) x (DF) x (50ug/mL) 
 

where DF is the dilution factor, which was 10 for our purposes. The DNA concentrations were 
calculated and recorded.  
 
PCR Analysis 
Following DNA isolation, samples were analyzed via PCR. Polymerase Chain Reaction (PCR) is 
a molecular technique used to amplify and make several copies of DNA. PCR beads (Carolina 
Biological Supply Company, Burlington, NC) were used. To each bead, template DNA, forward 
and backward primers, and deionized water was added. The samples were then loaded into a 
Hybaid Omn-e PCR Thermal Cycler. The denaturing step was set to 94ºC and ran for 30 
seconds, the annealing step was set to 55ºC and ran for 30 seconds, and the extension step was 
set to 77ºC and ran for 1 minute. These three steps were repeated for thirty cycles. After the 
cycles were complete, the samples were removed from the machine and stored at 4ºC.  
 
Finally, the samples were viewed using Gel Electrophoresis. Gel Electrophoresis separates DNA 
based on size. A 1% agarose (Thermo Scientific, Waltham, MA) gel with 10% TBE buffer 
(National Diagnostics, Charlotte, NC) was used. The ladder used was pb322/BstN1. The ladder 
was added to Lanes 1 and 8, MSSA control plus dye was added to Lane 2, the PVL+ sample plus 
dye was added to Lane 3, and samples plus dye were added to Lanes 4-6. The gel was run at 
100V until the dye ran to the red line. The gel was then visualized and results were recorded.  

 
RESULTS 

 
S. aureus was Found in 19 out of 34 Locations 
Using gram staining, mannitol fermentation, and the production of coagulase as detailed in the 
Materials and Methods section, we found that 19 out of the 34 locations sampled contained S. 
aureus, as shown in Figure 1. 65% of S. aureus isolates were found in public spaces and 35% 
were found in residential communities, as shown in Figure 2. The presence of S. aureus by 
specific location and classification can be found in Table 1.  We performed a Chi Square Test to 



determine if there was a correlation with the category of location and the presence of S. aureus. 
Our chi square value was 3.579 with a p-value of 0.311. There is no statistical significance 
suggesting that there is a correlation with type of category of the location and prevalence of S. 
aureus.  
 



          

 
Figure 1: Compatison of S. aureus isolates compared to other isolates. 19  out of the 34 locations swabbed 
confirmed S. aureus via mannitol fermentation, coagulase test and gram staining. 
 
 

														

 
Figure 2: Classification of S. aureus based on location. χ²=3.579, p-value=0.311 
  
Table 1: Presence of S. aureus including location and location type. We classified our samples into four types of 
spaces. For our purposes Community refers to any public space, Athletic includes areas where athletes where and 

56%

44%

Prevelance of S. aureus on 
Belmont University's Campus

S. aureus

Not S. aureus



where people went to exercise, Dormitory, Community refers to the community style showers and Dormitory/Suite  
refers to the type of shower.  

Classification Location Area Swabbed Results 

Community 

Toilet Seat, Female Toilet seat S. aureus
Toilet Seat, Male Toilet seat S. aureus

Beaman Chair, Seat S. aureus
Curb Cafe Booth seat S. aureus
Cafeteria Chair. seat S. aureus

Massey Business Center Chair, seat S. aureus
Inman Chair, seat Other 

McWhorter Chair, seat S. aureus
Wedgewood Academic Center Couch, seat Other 

Health Service Center Chair, seat 
No 

growth 
5/3 Kiosk Keypad Other 

SunTrust Kiosk Keypad Other 

Athletic 

Weight Room Bench S. aureus
Weight Room Weight S. aureus

Weight Room 
Elliptical machine, 

handles 
S. aureus

Locker Room Shower, Female Shower knob S. aureus

Locker Room Shower, Male Shower knob Other 
Athletic Locker Room Shower, 

Male 
Shower knob S. aureus

Dormitory, 
Community 

Wright Shower (F) Shower knob 
No 

growth 
Hail Shower, Female Shower knob Other 
Hail Shower, Male Shower knob Other 

Pembroke Shower (M) Shower knob S. aureus

Dormitory, Suite 

Patton Shower, Female Shower knob 
No 

growth 
Patton Shower, Male Shower knob S. aureus

Thrailkill Shower, Female Shower knob 
No 

growth 
Thrailkill Shower, Male Shower knob S. aureus

Two Oaks Shower, Female Shower knob Other 
Two Oaks Shower, Male Shower knob S. aureus
Hillside Shower, Female Shower knob S. aureus
Hillside Shower, Male Shower knob Other 

Commons Shower, Female Shower knob S. aureus
Commons Shower, Male Shower knob Other 

Maddox Shower (M) Shower knob S. aureus
Heron Shower (F) Shower knob Other 



Once samples were confirmed to be S. aureus, we were able to then test them for the presence of 
MRSA.  
 

MRSA, MSSA, and Intermediate MRSA Found on Belmont’s Campus 
Based on Kirby-Bauer Disk Diffusion, as outlined in the Materials and Methods section, we 
found that 1 of the 19 S. aureus samples was classified as MRSA, 1 out of the 19 samples was 
classified as Intermediate MRSA, and 17 out of 19 samples were classified as MSSA (Figure 3). 
The MRSA sample was found in the community, specifically a booth seat in the Curb Café; the 
Intermediate S. aureus sample was found in the Pembroke Hall community-style shower, a 
residential space; the MSSA samples were found both in community and residential spaces 
(Table 2). More MSSA samples were found in public spaces than in residential communities as 
can be seen in Figure 4.   
 
Table 2: Classification of confirmed S. aureus isolates based on Oxacillin sensitivity. Categories assigned based 
on measured zone of inhibition. MRSA (≤10 mm), Intermediate (11-12 mm), and MSSA (≥13 mm). 
 

 
 

Sample 
Diameter of Zone of 

Inhibition (mm) 
Classification 

MRSA Control 0 MRSA 
MSSA Control  22 MSSA 

Athletic Locker Room 
Shower, Male 

25 
MSSA 

Beaman 15 MSSA 
Cafeteria 23 MSSA 

Commons Shower, 
Female 

14 
MSSA 

Curb Cafe 0 MRSA 
Weight Room, 

Elliptical 
22 

MSSA 

Hillside Shower, 
Female 

16 
MSSA 

Locker Room Shower, 
Female 

17 
MSSA 

Maddox Shower 26 MSSA 
Massey Business 

Center 
12 

MSSA 

Weight Room, Bench 26 MSSA 
McWhorter 22 MSSA 

Patton Shower, Male 23 MSSA 
Pembroke Shower 10 Intermediate 

Thrailkill Shower, Male 19 MSSA 
Toilet Seat, Female 17 MSSA 
Toilet Seat, Male 25 MSSA 

Two Oaks Shower, 
Male 

28 
MSSA 

Weight Room, Weight 25 MSSA 



		
Figure 3: Frequency of different classifications of S. aureus. 
 
After we classified our samples into MRSA, Intermediate, and MSSA, we wanted to know what 
mechanism of action they used.  
 
PBP2a is Not the Mechanism of Resistance 
We did not subject all S. aureus samples to PBP2a latex agglutination testing. We only chose 
samples that had a diameter of zone of inhibition less than or equal to 20mm (see Table 2). Our 
PBP2a positive control tested positive for PBP2a and our PBP2a negative control tested negative 
for PBP2a. However, none of our samples tested positive for PBP2a. This implies that the 
MRSA sample detected, used a different mechanism of resistance other than PBP2a. Knowing 
this, we decided to move further and isolate bacterial DNA.  
 
DNA Concentrations of Samples for PCR 
When we performed disk diffusion, we found that there were single colonies within the zone of 
inhibition on the PEM plate. We then transferred two colonies from within the zone of inhibition 
onto new Mueller-Hinton agar plates and performed disk diffusion again. These samples were 
found to be Intermediate. These plates were then labeled PEM.1 and PEM.2, respectively. DNA 
was isolated from the PVL positive control, MSSA control, intermediate samples 1 and 2, an 
MSSA sample and our one MRSA sample. For proper analysis via PCR, DNA concentration 
needed to fall between 1.7-2.0. Some samples fell slightly out of this range, but were carried onto 
PCR because they did not movie extremely out of the range.   
 
PVL Found in Intermediate Samples 
Of our samples, PVL was found in the PVL positive control, the MSSA control, and intermediate 
samples, as shown in Figure 4.  
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Figure 4: Detection of PVL. PCR of samples for the detection of PVL. Lane 1: ladder; Lane 2: MSSA+ Control; 
Lane 3: MRSA PVL+ Control; Lane 4: MRSA Sample (CBS); Lane 5: Intermediate Sample 1 (PEM); Lane 6: 
Intermediate Sample 2 (PEM.1); Lane 7: Intermediate Sample 3 (PEM.2); Lane 8: Ladder. 
 

DISCUSSION 
 

Our initial purpose was to determine the presence of PVL in MRSA samples, as it appears to be 
an indicator of the USA300 strain. Indeed, DNA isolation was not done on all samples because 
focus was strictly limited to MRSA. However, Moe and Thomas reported to finding that 3 out of 
her 15 (20%) MRSA samples and 2/8 (15%) MSSA isolates contained the PVL gene (2009). We 
found that the PVL was present in 1 out of 19 (5%) S. aureus samples. We were still concerned 
about the presence of PVL in the MSSA+ sample because Moe and Thomas did not mention this 
in their paper. Upon looking up the ATCC catalogue, we found that the MSSA control we 
ordered did, in fact, contain PVL. It was our understanding, when the control was ordered in 
2008, that PVL could only be found in MRSA samples and not MSSA. However, there has been 
research conducted since 2009 that disproves this. 
 
In 2009 when students looked for MRSA, it was found primarily in the residential setting, both 
community and suite-style showers. Since then, it appears that the prevalence of MRSA/MSSA 
has decreased in residential communities, but it has increased in the public setting. This could 
have something to do with the raising rate of student admission, the occurrence of new buildings, 
changes in cleaning supplies and practices or something else. 
 

      1       2         3        4        5       6        7        8 

433bp 433bp 



Since 2009, there has been research done on PVL and inclusion of HA-MRSA as well as MSSA. 
Two important papers have been published within the last three years. Zhao, et al. studied MRSA 
and MSSA within the healthcare setting and found that half of their patients with MSSA 
infections tested positive for having PVL (Zhou, et al., 2012). Waldenburger et al. state that there 
have only been a handful of studies examining MSSA, and even fewer studying the relationship 
between MSSA and PVL which is why they decided to study it (Waldenburger et al., 2013). 
Citing the Zhou, et al. study, Waldenburger, et al. found that half of their patients with 
community acquired MSSA and MRSA infections contained PVL as well (Waldenburger et al, 
2013).  
 
We set out in this study to examine the prevalence of CA-MRSA on Belmont University’s 
campus, more specifically using PVL as an indicator of the USA300 strain. We did not find PVL 
in our MRSA isolate, but we did find PVL in our intermediate samples. This is more problematic 
since the majority of the isolates we had were MSSA and one can speculate that they would have 
PVL. Normally, when a person gets a Staph infection, they can be treated with penicillin 
derivative antibiotics. However, PVL makes the infection more virulent and what used to be a 
treatable infection can now progress into something worse because of the attack on the immune 
system. Even an Intermediate Methicillin Resistant Staph infection can turn into a serious 
medical condition overnight by the presence of the PVL toxin.  
 
Future Studies 
Currently there is no research on the subject of Intermediate Methicillin Resistant S. aureuus or 
its relationship with the PVL toxin. It would be interesting for future students to investigate 
further intermediate samples and the presence of PVL as well as the prevalence of PVL in MSSA 
samples as compared with current literature. Additionally, future students would want to perform 
PCR on all samples, not just MRSA and Intermediate samples since we now know (based on 
several studies) that PVL can be found in MSSA samples as well. Lastly, future studies might 
include swabbing different locations and different areas swabbed. For example, instead of 
swabbing a shower handle, maybe the drain on the floor of the shower where there is more skin 
contact. 
 
Troubleshooting 
We encountered various problems throughout our study. First, the MSA plates, which we used, 
were yielding false positives, and new reagents needed to be ordered. Even with the new media, 
it was still difficult to differentiate between S. aureus and non-mannitol fermenting organism. In 
addition, the coagulase tests that we purchased from one company failed to work properly, even 
on our ATCC controls, and we were forced to order more coagulase tests from a different 
company. Lastly, we did not know when any of the locations swabbed were cleaned and what 
they were cleaned with. Thus, this might account for the fact that we did not get growth on MSA 
plates and/or the limited S. aureus and MRSA isolates.  
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