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Industry Summary: Methicillin resistant Staphylococcus aureus (MRSA) has been linked to livestock 
production (referred to as Livestock Associated or LA-MRSA). The bacterium has been found in some 
swine herds as well as in some of the livestock handlers associated with swine. MRSA has also been 
found in retail meats. The purpose of this study was to determine if MRSA could be transferred from 
pork to common consumer surfaces (knives, cutting boards) and to human skin. A pork skin model 
was used as a model system for human skin. MRSA was found to transfer between surfaces, and the 
amount of transfer was not affected by the initial population. MRSA was also found to transfer from 
surfaces to the pork skin model. 
 

Keywords:  Methicillin resistant Staphylococcus aureus, MRSA, skin transfer, consumer, cutting 
board, knife 
 

Scientific Abstract:    Methicillin-resistant Staphylococcus aureus (MRSA) is a pathogen that has 

developed resistance to beta-lactam antibiotics. MRSA was initially associated with hospital acquired 

infections but emerged in association with community and livestock acquired infections. Recently 

MRSA has been isolated at low levels in retail meat products in the United States and other countries. 

Pork loins, bacon and pork sausage were inoculated with four strains of MRSA cocktail, swabbed for 

initial bacterial populations, vacuum packaged and stored for two weeks at 4°C to simulate normal 

packaging and distribution. Polyethylene cutting boards, knives and pork skin were contaminated with 

the inoculated product laying on the surface for 5 minutes. Polyethylene cutting boards and knives  
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were also contaminated by placing a 500g lead donut on the product while it is dragged across the 

transfer surface. 5cmx5cm² areas were swabbed and bacterial populations of the inoculated pork 

products and contact surfaces were enumerated on Baird-Parker Agar and reported as Log10 

cfu/cm². Percent transfer from the inoculated products to the cutting board ranged from 76% to 88% 

across all 5 cell concentrations. Percent transfer from inoculated products  to the knife ranged from 

53% to 87% across all 5 cell concentrations. Percent transfer from the inoculated products to the pork 

skin ranged from 71% to 91% across all 5 cell concentrations. Statistical analysis performed by SAS 

showed no significant differences in amounts of transfer between transfer surfaces and across cell 

concentrations. This research illustrates the potential for MRSA transfer to food contact surfaces and 

skin even at lower initial cell concentrations. 

 
 

Introduction:  Methicillin-resistant Staphylococcus aureus is a strain of Staphylococcus aureus that 

has acquired resistance to beta-lactam antibiotics. It first gained notice as the agent responsible for 

nosocomial infections referred to as hospital acquired (HA MRSA) and it has since been increasingly 

isolated from infections in the community (CA MRSA) among those with no history of long term 

hospitalization or surgical procedures (28). Within the last decade livestock acquired (LA MRSA) also 

known as ST398 has been isolated from healthy livestock, primarily swine. This strain has also been 

isolated from those who work in close contact with swine and some human cases have also resulted 

in infections (6,9). There have also been cases in those with no previous animal contact (2). Recently 

concerns have been raised from a food safety standpoint as ST398 and other MRSA strains have 

been isolated from raw retail meats (4, 16, 52). Though there have not been any documented cases 

of human infection with ST398 due to raw meats (40) the fact remains that MRSA strains including 

ST398 are present in retail raw meat. Therefore they serve as a possible source of bacterial infection 
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that could enter open wounds on hands of food preparers in the food industry (5) and hands of the 

consumer in the home. 

 

Contamination of retail meats with MRSA can occur in a number of ways. It may commonly be found 

on animals at harvest and the animals themselves may be the source. Research has shown MRSA to 

be present on carcasses and to carry through to the final products (11). In fact ST398 has been 

isolated in several studies as the source of contamination raw meat (16, 4, 35). Other findings point to 

humans as the source. On occasion, the MRSA contamination was found to be USA 100 or USA 300, 

common human strains (52). Current research supports the possibility of more CA-MRSA infections 

due to contaminated retail products. 

MRSA has demonstrated the ability to survive a range of pH, temperature, salt levels and to survive 

on raw meat that could reach the consumer. These attributes make MRSA a potential source of 

contamination and infection when found on meat prepared in the home. Just as MRSA is able to be 

carried through the stages of a production facility (Beneke) it may also be carried around the kitchen. 

Several studies have reported that knives and cutting boards are major sources of cross 

contamination with bacteria during food preparation and that bacteria on these surfaces from raw 

meat may in turn contaminate hands( 29, 39,48). Research suggests that bacteria will transfer readily 

to food contact surfaces and to skin (32, 7). Despite these findings, in the case of MRSA, a dose-

response level is still not known so it is difficult to make a quantitative risk assessment regarding 

consumer (3). 

  
Objectives:  

1. Determine the potential for transfer of Methicillin Resistant Staphylococcus aureus from pork 

and pork products to food contact surfaces at the consumer level. 
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2. Estimate the probability of transfer of Methicillin Resistant Staphylococcus aureus from pork 

and pork products at the consumer level. 

 
 
Materials & Methods:   

Experimental Design. Two exposure methods, three types of retail pork products, and three different 

transfer surfaces were used for these experiments. Exposures were light and heavy using inoculated 

fresh boneless pork loins, bacon and raw pork sausage. Light exposure involved laying the inoculated 

product on the transfer surface for 5 minutes. Heavy exposure involved placing a 500g lead donut on 

top of the inoculated product and sliding the product back and forth on a 10cm path on the transfer 

surface for 20 complete transits. One transit consisted of one back and forth movement along the 

10cm path across the transfer surface. Pork loins, bacon and raw pork sausage were inoculated with 

a 4 strain MRSA cocktail, vacuum packaged and stored at 4°C for two weeks to simulate typical 

distribution and storage conditions before the product arrives at the consumer level. The transfer 

surfaces were polyethylene cutting boards, knives and the pork skin model to simulate human skin 

(55). All surfaces were at ambient temperature during the experiments. The surfaces were chosen 

because they are commonly used in the preparation of raw meat products by the consumer and are 

potential sources of cross-contamination. 

 

Bacterial Strains. Four isolates of methicillin-resistant Stapylococcus aureus were used in this 

experiment. They are as follows: ST398 isolate from ground pork, ST398 isolate from pork chops 

(both provided by Dr. Catherine Logue, Iowa State University College of Veterinary Medicine; Ames, 

Iowa), an ST398 isolate from a 24 week old hog (Dr. Tara Smith, University of Iowa, College of Public 

Health Department of Epidemiology, Center for Emerging Infectious Diseases; Iowa City, Iowa), and 

ATCC strain BAA-44 (Dr. Brehm-Stecher, Iowa State University Department of Food Science and 

Human Nutrition; Ames, Iowa ) was used as a reference organism. Dr. Logue’s laboratory performed 
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the MLST (multi-locus sequence typing) on the ground pork and pork chop isolates to confirm they 

were MRSA ST398. Dr. Smith’s laboratory performed PFGE and MLST on the ST398 from the 24 

week old hog.  

 

Inoculum Preparation. Prior to inoculation, isolates were streaked onto Baird-Parker Agar (Difco, 

Becton-Dickinson) and Spectra MRSA Agar (Remel, Lenexa, KS) and incubated at 37°C for 24 hours. 

Black colonies on Baird-Parker was indicative of Stapylococcus aureus and denim colored colonies 

on Spectra MRSA was indicative of methicillin-resistant Stapylococcus aureus. All 4 isolates were 

black on Baird-Parker Agar and denim blue on Spectra MRSA Agar. Isolated colonies were also 

tested on the Staphylase Test (Oxoid Ltd., Basingstoke, Hants, UK) and the PBP2‘ Latex 

Agglutination Test (Oxoid Ltd., Basingstoke, Hants, UK) and were MRSA positive.  On the day of 

inoculation, the four cultures were combined to form a cocktail with a cell concentration of 109 cfu/ml.  

 

Bacterial Growth Conditions. All strains of methicillin-resistant Stapylococcus aureus were 

maintained in Tryptic Soy Broth (TSB; Difco, Becton-Dickinson, Sparks, MD). The day before 

inoculations, the cultures were transferred to TSB and grown aerobically at 37°C for 24 hours. 50 ml 

of Egg yolk tellurite enrichment (Difco, Becton-Dickinson) was aseptically added to 950 ml of 

sterilized Baird-Parker agar (BPA) base(Difco, Becton-Dickinson) that was cooled in a water bath to 

49°C. This media was chosen because it is commonly used for isolation and enumeration of 

Stapylococcus aureus. (Drosinos) Since the identity of methicillin-resistant Stapylococcus aureus in 

this experiment had been determined with ancillary tests, BPA was used for these experiments . 

Spectra MRSA Agar (Remel, Lenexa,KS) was also used initially to confirm the identity of the four 

isolates as MRSA. This was based on colony color, MRSA colonies will appear denim blue on 

Spectra MRSA Agar. 
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Inoculation Procedure. Fresh boneless pork loins were purchased from a local supplier  and held at 

4°C until used for the experiments. Each of the 3 light and 3 heavy replications involved 6 pork loins, 

5 loins were separately inoculated with 10ml of cell concentrations of 10, 100, 1,000, 10,000 and 

100,000 cfu/ml diluted from the initial MRSA cocktail. One loin was used as a negative control and 

swabbed with a speci-sponge (Nasco Whirl-Pak “Speci-Sponge” Bags, Fort Atkinson, WI) hydrated 

with 10ml Buffered Peptone Water, 0.01%(BPW, Difco, Becton-Dickinson) before and after the 2 

week storage period to determine the presence of Staphylococcus aureus and/or MRSA, if any, prior 

to my inoculation of the products. One tenth of a ml was pIated onto Baird-Parker in duplicate and 

0.1ml was plated onto Spectra MRSA in duplicate. No growth was observed after 24 hours incubation 

at 37°C. All 5 inoculated loins were put in the cooler for 30 minutes to allow attachment of the 

bacteria. Next, a 5cm x 5cm area of each loin was swabbed with a speci-sponge (Nasco Whirl-Pak 

“Speci-Sponge” Bags, Fort Atkinson, WI) hydrated with 10ml Buffered Peptone Water, 0.01%(BPW, 

Difco, Becton-Dickinson) . The loins were then each vacuum packaged with a MultiVac vacuum 

packaging machine (Figure 1) and stored for 2 weeks at 4°C to simulate typical packaging and 

distribution. Swabs were taken to determine bacterial counts after inoculation but before storage. All 6 

swab bags were hand stomached for one minute, serially diluted in 9.0ml BPW tubes, plated on 

Baird-Parker Agar in duplicate (Difco, Becton-Dickinson) and incubated at 37°C for 24 hours. 

 

Bacon was purchased from a local supplier and held at 4°C until used for the experiments. Each of 

the 3 light and 3 heavy replications involved 4 strips of bacon, 5 groups of 4 strips were separately 

inoculated with 10ml of cell concentrations of 10, 100, 1,000, 10,000 and 100,000 cfu/ml diluted from 

the initial MRSA cocktail. One group of 4 strips was the negative control. All inoculated bacon was put 

in the cooler for 30 minutes to allow attachment of the bacteria. Next, a 5cm x 5cm area of each of 
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the groups of 4 strips was swabbed with a speci-sponge (Nasco Whirl-Pak “Speci-Sponge” Bags) 

hydrated with 10ml Buffered Peptone Water, 0.01%(BPW, Difco, Becton-Dickinson). The bacon was 

then vacuum packaged (the name of the vac. pak machine and the type of vac pak bags used) and 

stored for 2 weeks at 4°C to simulate typical packaging and distribution. Swabs were taken to 

determine bacterial counts after inoculation but before storage. All 6 swabs were hand stomached for 

one minute, serially diluted in 9.0ml BPW tubes, plated on Baird-Parker Agar (Difco, Becton-

Dickinson) and incubated at 37°C for 24 hours. 

 

Raw pork sausage was purchased from a local supplier and held at 4°C until used for the 

experiments. Each of the 3 light and 3 heavy replications involved 30g of sausage inoculated with 

10ml of cell concentrations of 10, 100, 1,000, 10,000 and 100,000 cfu/ml diluted from the initial MRSA 

cocktail. The 30g was then divided up into 3 10g portions and formed into 2cm x 10cm x 5mm thick 

strips. One additional strip was formed to serve as the negative control. All inoculated sausage strips 

were put in the cooler for 30 minutes to allow attachment of the bacteria. Next, the 2cm x 10cm 

surface was swabbed with a speci-sponge (Nasco Whirl-Pak “Speci-Sponge” Bags) hydrated with 

10ml Buffered Peptone Water, 0.01%(BPW, Difco, Becton-Dickinson). The sausage strips were then 

vacuum packaged and stored for 2 weeks at 4°C to simulate typical packaging and distribution. 

Swabs were taken to determine bacterial counts after inoculation but before storage.  All 6 swabs 

were hand stomached for one minute, serially diluted in 9.0ml BPW tubes, plated on Baird-Parker 

Agar (Difco, Becton-Dickinson) and incubated at 37°C for 24 hours.  

 

Sampling for Light Exposure. After the two week storage period, the vacuum packaged loins were 

taken out of the cooler. The transfer surfaces: 5 cutting boards, 5 knives and 5 portions of pork skin 

were set up to correspond to the 5 cell concentrations the loins had been inoculated with. The pork 
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skin was sanitized underneath a UV light in a biosafety cabinet for 15 minutes and the cutting boards 

and knives were autoclaved at 121°C for 15 minutes. All transfer surfaces were at ambient 

temperature during the experiments. Each of the 5 loins was divided up into 3 parts, a part for each 

transfer surface. The loins were removed from the vacuum package with a sterile scalpel blade and 

laid on the transfer surfaces for 5 minutes without any movement or additional pressure. After 5 

minutes, the loins were moved aside and a 5cm x 5cm² area of each pork loin was swabbed with a 

speci-sponge (Nasco Whirl-Pak “Speci-Sponge” Bags, Fort Atkinson, WI) rehydrated with 10ml 

Buffered Peptone Water, 0.01%(BPW, Difco, Becton-Dickinson). A 5cm x 5cm² area of each cutting 

board and each pork skin were also swabbed. The entire surface of the knife was swabbed, for 

knives the blade measured 14cm x 1.5cm . All swabs were hand stomached for one minute, serially 

diluted in 9.0ml BPW tubes to extinction, plated on Baird-Parker Agar (Difco, Becton-Dickinson) and 

incubated at 37°C for 24 hours. After transfer surfaces were swabbed, a 5cm x 5cm² x 5mm thick 

area of each loin was excised (samples weighed 15g +/- 0.5g) and placed in a Whirl Pak filter 

stomacher bag (Nasco Whirl-Pak Bags, Fort Atkinson, WI) and diluted to a 10% dilution using a 

dilutor pump with Buffered Peptone Water, 0.01%(BPW, Difco, Becton-Dickinson).  All excised loins 

were stomached for a minute in a stomacher (Seward Laboratory Blender 400, Tekmar Co., 

Cincinnati, Ohio)  and serially diluted to extinction in 9.0ml BPW test tubes, plated on Baird-Parker 

Agar (Difco, Becton-Dickinson) and incubated at 37°C for 24 hours. 

 

The procedure for the pork loins was also followed for the bacon and raw pork sausage including 

plating and incubation times. For the bacon, the following changes were observed: 4 slices of bacon 

were used to achieve a surface area of 5cm x 5cm² x 5mm thick that could be swabbed and excised 

for enumeration. Excised portions of bacon weighed 25g +/-0.5g depending on the thickness and fat 

content of the individual pieces of bacon. For the raw pork sausage, the following changes were 
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observed: a strip of sausage 2cm x 10cm x 5mm thick was formed by using a mold made by the 

Department of Engineering, Iowa State University, Ames, Iowa. The sausage was removed from the 

mold and the weight of each strip was determined to be 10g +/- 0.5g.  

 

Sampling for Heavy Exposure. After the two week storage period, the vacuum packaged loins were 

taken out of the cooler and the transfer surfaces were set up as they were for the light exposure.  The 

loins were removed from the vacuum package with a sterile scalpel blade and placed on the transfer 

surface. The 500g lead donut was then placed on the loin and the loin with weight was moved back 

and forth on a 10cm path on the transfer surface for 20 complete transits. One transit consisted of 

one back and forth movement along a 10cm path. After the surfaces were exposed to the inoculated 

loins they sat at room temperature for five minutes. Next, the pork skin was applied to the surface 

with the 500g lead donut on top and the skin was passed along the same 10cm path for 20 back and 

forth transits. The surfaces and the pork skin were then swabbed with a speci-sponge (Nasco Whirl-

Pak “Speci-Sponge” Bags,Fort Atkinson, WI) rehydrated with 10ml Buffered Peptone Water, 

0.01%(BPW, Difco, Becton-Dickinson) and the pork skin was placed in a Whirl-Pak bag (Nasco Whirl-

Pak Bags) and diluted to a 1:10 dilution with Buffered Peptone Water, 0.01%(BPW, Difco, Becton-

Dickinson). All swabs were plated in duplicate on Baird-Parker Agar (Difco, Becton-Dickinson) as 

were the pork skin samples. Plates were incubated at 37°C for 24 hours.  

 

Quantitative Methods. The direct plate counts of MRSA were transformed to Log CFU in a Microsoft 

Excel Spreadsheet. For swabs the counts are reported as Log CFU/cm² of the surface area swabbed. 

For all of the meat samples and pork skin samples the counts are reported as Log CFU/ml. All retail 

meat samples were tested in triplicate at each of the 5 cell concentrations and on each transfer 

surface. Percent transfer rates of MRSA from the pork products to the surfaces was determined by 
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dividing the final Log CFU on the surface swab by the initial Log CFU present on the product after 

inoculation. (Perez-Rodriguez) Average percent transfer was obtained by adding the percentages 

together and dividing by the total number of observations.  

 

Data Analysis. Three replicate experiments were performed for each of the retail products: pork 

loins, bacon and raw pork sausage. MRSA populations were determined by calculating the Log 

values (Microsoft Excel) of bacterial counts on duplicate plates for each sample. The bacterial counts 

were an indicator of bacterial transfer to surfaces so the Log values were converted into percentages. 

The data were analyzed by SAS (Statistical Analysis System version 9.2, SAS Institute, Inc., Cary, 

N.C.) with a general linear model using least square means and Q-Q plots (which indicated that the 

data were normally distributed.) A least square means test was performed to show that there was no 

significant difference in the ability of the bacteria to transfer among the surfaces: the polyethylene 

cutting board, the knife and the pork skin.  

 
 

Results:  The first part of this study, the light exposure, was designed to estimate the percentage of 

MRSA transfer from inoculated retail pork products to other surfaces across a broad range of initial 

concentrations. The second part, the heavy exposure, looks at the ability of MRSA to transfer from a 

contaminated surface to skin using the pork skin model (55) across a broad range of initial 

concentrations.  All samples were vacuum packaged after inoculation and stored at 4°C to simulate 

normal packaging and distribution to suppliers. Before inoculation, all pork products used were tested 

and no Staphylococcus aureus was detected.  

 

Light Exposure 
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For light exposure, the initial counts of MRSA, an average of all 3 replications, on the 5 pork loins 

after inoculation were 4.8, 5.2, 6.5, 7.7 and 8.6 Log CFU/cm² for inoculum concentrations of 10, 100, 

1,000, 10,000 and 100,000 CFU/ml respectively. The area of loin sampled was 5cm x 5cm².  At the 

end of two weeks the vacuum packaged loins were taken from the cooler and aseptically removed 

from their packages and exposed to the 3 transfer surfaces for 5 minutes. For the 10 CFU/ml loins, 

transfer occurred on all 3 surfaces, the cutting board, knife and pork skin at rates of 76%, 53%, and 

80% respectively. However, for 2 of the 3 replications no growth nor transfer was observed at 10 

CFU/ml. This may have been due to the initial cell concentration being lower than expected, the cells 

in the inoculum may have been non-viable due to some stress not accounted for during incubation. 

For the remaining concentrations of 100, 1,000, 10,000 and 100,000 CFU/ml, average transfer rates 

are displayed in Table 1.  

 

The bacon light exposure initial counts of MRSA, an average of all 3 replications, after inoculation 

were 5.3, 6.0, 7.3, 7.9 and 9.1 Log CFU/cm² for inoculum concentrations of 10, 100, 1,000, 10,000 

and 100,000 CFU/ml respectively. The area of 4 inoculated bacon slices sampled was 5cm x 5cm².  

At the end of two weeks the vacuum packaged bacon was taken from the cooler and aseptically 

removed from the packages and exposed to the 3 transfer surfaces. The average percent transfer 

from the bacon to each of the 3 transfer surfaces is summarized in Table 2. 

 

The raw pork sausage light exposure initial counts of MRSA, an average of all 3 replications, after 

inoculation were 5.6, 6.9, 8.0, 9.0 and 10.0 Log CFU/cm² for inoculum concentrations of 10, 100, 

1,000, 10,000 and 100,000 CFU/ml respectively. For the sausage, molds (Figure 2) were made in 

order to form the sausage into standard portions that were 2cm wide, 5mm thick and 10cm in length 

and this is the area that was swabbed after inoculation.  At the end of two weeks the vacuum 
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packaged sausage strips were taken from the cooler and aseptically removed from their packages 

and exposed to the 3 transfer surfaces. The average percent transfer from the sausage to each of the 

3 transfer surfaces is summarized in Table 3. 

 

The average percent recovery of MRSA from the products after two weeks of vacuum packaged 

storage at 4°C is summarized in Tables 4, 5 and 6 for pork loins, bacon and raw pork sausage 

respectively. The surfaces are listed to correlate the percent transfer from that product to the surface 

and the amount of bacteria remaining on the surface of the product at the time of sampling/transfer. 

Although there was no significant difference among transfer to the surfaces across the cell 

concentrations, the cutting board and the skin generally seemed to have more cells transferred but 

this may have been due to the total surface area differences in the knife swabs and the 5cm x 5cm 

area of the cutting board and pork skin swabs. 

 

Heavy Exposure 

The initial counts of MRSA on the 5 pork loins, an average of all 3 replications, after inoculation were 

5.1, 5.7, 7.1, 7.9 and 9.0 Log CFU/cm² for inoculum concentrations of 10, 100, 1,000, 10,000 and 

100,000 CFU/ml respectively. The area of loin sampled was 5cm x 5cm².  For the bacon, counts were 

as follows, 5.2, 5.7, 7.0, 7.8 and 8.9 Log CFU/cm² for inoculum concentrations of 10, 100, 1,000, 

10,000 and 100,000 CFU/ml respectively. The initial sausage  counts were 5.4, 6.7, 8.3, 8.4 and 9.5 

Log CFU/cm² for inoculum concentrations of 10, 100, 1,000, 10,000 and 100,000 CFU/ml 

respectively. At the end of two weeks the vacuum packaged loins were taken from the cooler and 

aseptically removed from their packages and exposed to the 3 transfer surfaces following the 

procedures previously described for heavy exposure. The results of the percent transfer to the pork 

skin from the cutting board and knife after those surfaces were exposed to the inoculated pork loin 
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are summarized in Table 7.  The results for the bacon and raw pork sausage are in tables 8 and 9 

respectively. The surface least square means test (SAS version 9.2, SAS Institute, Inc., Cary, N.C.) 

showed that among the 3 products, there was not a significant difference in the ability of the 

inoculated product to transfer bacteria nor was there a significant difference among the surfaces in 

the ability to transfer bacteria to the skin.  

IX. Discussion: The first part of this study employing the light exposure technique shows that 

bacteria, in this case MRSA, is able to survive refrigeration temperatures inside vacuum packages for 

at least two weeks, a standard shipping and distribution time. This implies that retail pork products 

contaminated with MRSA could reach the consumer and present a source of possible contamination 

or infection. Viable cells remain on the retail pork products and are capable of contaminating food 

contact surfaces as has been previously elucidated 26, 29, 32). This study did not find a significant 

difference in the ability of cells to adhere to the 3 different surfaces which is consistent with a finding 

in earlier research (32). However, other research has shown that levels of bacterial transfer are 

dependent on the texture of the surface (48). The cutting boards used in these experiments were 

new, smooth polyethylene cutting boards that had not been previously used and so they had no cut 

marks or grooves on the surface. Regarding the lack of growth and transfer of cells at 10 CFU/ml for 

the pork loins, this may have been due in part to the way the inoculum was prepared. In this paper, 

inoculum was prepared by growing up the 4 MRSA cultures in TSB for 24 hours and then combining 

them together on the day of inoculation. For each cell concentration (10, 100, 1,000, 10,000 and 

100,000) the stock was plated to extinction to determine the  original cell Log CFU/ml. A method that 

might have been more reliable would have been to centrifuge my cultures and harvest the cells and 

resuspend them followed by testing the concentration using a refractometer. 
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Findings in this study also show that the amount transferred from the product to the surface during 

light exposure increased as the initial inoculum amount on the products increased. While this was 

expected, other studies have described an inverse relationship in which a high initial bacterial load 

leads to a lower total amount transferred and lower initial bacterial counts will lead to a higher percent 

transfer due to bacterial interactions on the meat surface (26,29). However, one of these studies used 

raw poultry that was naturally contaminated (29) while this research used inoculated products. Also, 

pork product surfaces vary among type (loin, bacon, sausage) and may be quite different from the 

surfaces of raw products such as chicken and beef. Thus, bacterial interactions on inoculated pork 

and naturally contaminated poultry cannot be readily compared due to the differences in their surface 

type. 

 

For the heavy exposure experiments, tables 7, 8 and 9 show that among the products and across the 

cell concentrations there was not a significant difference in transfer to the pork skin from the contact 

surfaces. 

In the heavy exposure experiments, it was expected that the amounts of cell transfer would be higher 

if pressure, like the 500g lead donut used here, was applied to the product while it was being moved 

across a surface. One study reported that applied pressure would facilitate bacterial removal from 

one surface to another resulting in higher transfer rates (26). It was also suspected that subsequent 

weighted skin contact on that surface would result in a high transfer.  These percentages are lower 

than those from the light exposure when the contaminated product was simply laid on the pork skin 

for 5 minutes. However, a direct comparison cannot be made because heavy exposure was to 

determine if a contaminated surface could transfer bacteria to skin whereas the light exposure 

showed that direct skin contact on the contaminated product allowed bacterial transfer. Still, the 
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results show that transfer occurs across all levels of initial contamination which indicates that risk of 

consumer contact and possible colonization or infection exist. 

 

It is possible that some of the Log CFU/ml counts were lower than they actually may have been in the 

heavy exposure due to the movement of the product on the surface spreading out the cells away from 

the area swabbed. Additionally, whole pork loins were inoculated with 10ml of inoculum and this may 

have added a dilution effect to the final cell counts and percentages as well. Contact times may have 

also been a factor in the final transfer percentages. Light exposure consisted of 5 minutes while the 

transits of the heavy exposure were not timed.  

 

In order for a pathogen to present a risk to the consumer it must be able to survive on meat surfaces 

and on surfaces used in home food preparation such as cutting boards and knives (8). These 

experiments quantified percent transfer rates of retail pork products contaminated with 4 strains of 

MRSA to food contact surfaces at the consumer level and estimated the percent risk of the consumer 

being exposed to MRSA via contaminated surfaces in the home. Since raw meat is frequently 

handled by the consumer in the kitchen, it is important to understand what risks exist. As the dose-

response of MRSA is still not known, these data may allow the construction of a model to determine 

what MRSA bacterial cell range places the consumer at the most risk of becoming colonized with 

MRSA or developing a MRSA infection due to the preparation of a contaminated retail product in the 

home kitchen.  
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igure 1. Vacuum Packaging Machine 
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Figure 2a. Sausage Mold 
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Figure 2b. Sausage molds 
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Figure 3. Vacuum packaged products from left: bacon, sausage. Foreground: loin 
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Figure 4. Pork skin to serve as the human skin model 
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Pork Loin 

CFU/ml 

Cutting board Knife Pork skin 

100,000 88 80 89 

10,000 78 78 77 

1,000 83 80 84 

100 79 79 91 

 

Table 1. Average Percent Transfer for 3 replications at each cell  
 concentration for each surface. 
 

Bacon CFU/ml Cutting Board Knife Pork Skin 

100,000 88 83 86 

10,000 88 87 85 

1,000 80 74 83 

100 80 81 81 

10 72 69 71 

Table 2. Average Percent Transfer for 3 replications at each cell  
 concentration for each surface. 
 
 

Sausage 

CFU/ml 

Cutting Board Knife Pork Skin 

100,000 88 87 86 

10,000 87 86 89 

1,000 81 87 84 

100 76 82 78 

10 82 75 81 

 
Table 3. Average Percent Transfer for 3 replications at each cell  
 concentration for each surface. 
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Pork Loin 

CFU/ml 

Cutting board Knife Pork Skin 

100,000 86 87 88 

10,000 88 85 85 

1,000 84 86 84 

100 85 82 82 

10 86 74 84 

Table 4.Average percent recovery of MRSA after two weeks of vacuum packaged storage at 4°C. 

 

Bacon Cutting board Knife Pork skin 

100,000 91 88 93 

10,000 94 93 94 

1,000 84 89 89 

100 88 91 92 

10 87 85 76 

Table 5. Average percent recovery of MRSA after two weeks of vacuum packaged storage at 4°C. 

 

Sausage 

CFU/ml 

Cutting board Knife Pork skin 

100,000 87 85 85 

10,000 87 89 87 

1,000 86 86 84 

100 80 85 82 

10 90 87 79 

Table 6. Average percent recovery of MRSA after two weeks of vacuum packaged storage at 4°C. 
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Pork Loin 

Heavy 

knife to pork 

skin 

cutting board to 

pork skin 

10 59 57 

100 63 58 

1,000 64 68 

10,000 68 71 

100,000 73 74 

 
Table  7. Summary of average percent transfer from surface to skin with a 500g 
lead donut applied as weighted exposure. 
 
 
 

Bacon Heavy Knife to skin Cutting board 

to skin 

10 53 59 

100 58 63 

1,000 61 61 

10,000 76 75 

100,000 76 75 

 
Table  8. Summary of average percent transfer from surface to skin with a 500g 
lead donut applied as weighted exposure. 
 
 
 
 
Sausage Heavy Knife to skin Cutting Board 

to skin 

10 55 66 

100 54 58 

1,000 67 66 

10,000 74 70 

100,000 74 76 

 
Table  9. Summary of average percent transfer from surface to skin with a 500g 
lead donut applied as weighted exposure. 
 

 

 

 


