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Abstract

Aerosolized methicillin-resistant Staphylococcus aureus (MRSA) was sampled inside and 

downwind of a swine facility. Animal feed was sampled before and after entry into the swine 

facility. Aerosolized particles were detected using an optical particle counter for real time 

measurement and with an Andersen Sampler to detect viable MRSA. Molecular typing and 

antimicrobial susceptibility testing were performed on samples collected. Viable MRSA organisms 

isolated inside the swine facility were primarily associated with particles > 5μm, and those isolated 

downwind from the swine facility were associated with particles <5μm. MRSA isolates included 

spa types t008, t034, and t5706 and were resistant to methicillin, tetracycline, clindamycin, and 

erythromycin. Animal feed both before and after entry into the swine facility tested positive for 

viable MRSA. These isolates were of similar spa types as the airborne MRSA organisms. Air 

samples collected after power washing with a biocide inside the swine facility resulted in no viable 

MRSA organisms detected. Our pilot study showed that the ecology of MRSA is complex. 

Additional studies are warranted on the maximum distance that viable MRSA can be emitted 

outside the facility, and the possibility that animal feed may be a source of contamination.
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 INTRODUCTION

Methicillin-resistant Staphylococcus aureus (MRSA) has emerged as a pathogen of public 

health concern.- Recent evidence has demonstrated MRSA carriage among both livestock 

and the workers caring for these animals, suggesting that MRSA is a zoonotic agent of 

potential occupational and environmental health significance. MRSA of livestock origin 
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(“livestock-associated MRSA” [LA-MRSA]) has been recognized as causing more than 20% 

of the cases of MRSA in the Netherlands. Of special note, a high MRSA carriage rate was 

found among workers on farms positive for MRSA in pigs or environmental dust samples, 

suggesting this organism may also be transmitted via the environment. Khanna et al. 

revealed in a study from Canada that LA-MRSA in pigs correlated with human MRSA 

carriers (20% prevalence) on the swine farms, and the spa type t034/sequence type (ST) 398 

was the predominant strain in both swine and swine workers. In a pilot study, Smith et al. 

reported that almost half of the swine workers and pigs studied on two farming systems in 

Iowa and Illinois were colonized with MRSA, also found to be ST398.

A study conducted in animal feeding operations detected S. aureus as the predominant 

viable bacterial species present in air samples. This finding, along with the Gibbs et al. 

detection of antimicrobial resistant bacteria being recovered 150 meters downwind of swine 

confined animal feeding operations (CAFOs), illustrates the potential of transmission of 

antimicrobial resistant bacteria from swine feed operations to persons outside of the facility.

In animal production, antibiotics have traditionally been used to treat sick animals, prevent 

infections at therapeutic levels, and promote animal growth at subtherapeutic levels. The use 

of antibiotics in animal production has been shown to increase the presence of bacteria with 

resistant genes in the intestines of swine herds. The use of antibiotics has also been 

suggested to be a risk factor for the development of LA-MRSA. It has been suggested in a 

study that the use of aminocyclitol (an aminoglycoside) to treat Escherichia coli infections 

was related to the development of livestock associated MRSA in cattle and swine.

Our pilot study had several objectives. The first objective was to determine the relative size 

of particles from which MRSA could be isolated. Secondly to determine if viable airborne 

MRSA could be isolated at a greater distance than 150 meters downwind (note that Gibbs et. 

al. had previously isolated MRSA only at 150 m). The third objective was to determine if 

MRSA was present in animal feed, and if it was of similar typing to that isolated from the 

air. Our final objective was to investigate the effect of power washing with a biocide on the 

presence of airborne MRSA.

 MATERIALS AND METHODS

 Sample Site

The study site, located in a Midwest state in the United States, was conveniently selected as 

typical of all-in/all-out, nursery-grower, swine production facilities in the region. We had 

previously documented that the workers and swine at the facility were culture positive for 

MRSA. The socking density of the facility tested was one feeder pig per 4 ft2.

 Air Sampling

The concentration of viable MRSA and total particulates inside the swine feeding facility 

and 215 meters downwind (determined by wind vane) of the facility was determined by 

collecting air samples using stages one (> 7μm), two (4.7- 7μm), and five (1.1-2.1μm) of a 

six stage viable Andersen Sampler (Andersen Sampler In., Atlanta, GA, USA) at a flow rate 

of 28.3 liters per minute (l/min) and an Optical Particle Counter (GRIMM Technologies Inc., 
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Douglas, GA, USA) with 15 channels at a flow rate of 1.5 l/min. Particle size was 

categorized as >5 μm and <5 μm. The same instruments were used in the study for quality 

assurance and quality control. After each sampling period the culture plates were sealed with 

tape, labeled, placed in a Ziploc bag and finally placed (agar face-down) into a cooler with 

ice packs for transport to the laboratory.

 Animal Feed Sampling

Animal feed was collected on the sampling days directly off the feed truck when it arrived at 

the swine facility and from the feeding trough inside the swine facility. At the laboratory 

bacterial diagnostics and molecular testing was performed as previously described. Briefly, 

25 grams of animal feed was placed in Baird Parker broth and incubated overnight at 35°C. 

The broth was then plated onto CHROMagar and Columbia Naladixic acid (CNA) plates 

and incubated another 24-48 hours. Potential MRSA isolates were sub-cultured and 

diagnostics were performed.

The sampled facility was power washed with detergent and a biocide, Keno X5 (active 

ingredients hydrogen peroxide 26.5% and peroxyacetic acid 4/9%; CID Lines, Belgium, 

Europe), between cycling of pigs (46 days) due to the all-in/all-out nature of the site. Air 

sampling was also conducted after the facility was cleaned using the same method 

previously described.

 Molecular Typing

Additional molecular diagnostics were performed on a selection of isolates. Twelve samples 

were selected from the plates based on colony morphology that was representative of the 

plate samples. Molecular tests conducted included antimicrobial susceptibility testing (CLSI 

2006 and CLSI 2009), mecA polymerase chain reaction (PCR), spa typing, and Panton-

Valentine leukocidin (PVL) PCR. Positive and negative controls were used for all tests.

 RESULTS

A total of 81 CNA and 81 CHROMagar plates were collected. Sampling day one collected 

5,665 total colony forming units and 35 MRSA colony forming units. Sampling day two 

collected 7,621 total colony forming units and 238 MRSA colony forming units. Sampling 

day three collected 9,454 total colony forming units and 466 MRSA colony forming units.

Table 1 (see supplementary material) shows the median and range for total particles detected 

with the Optical Particle Counter. The median particle count for particles (> 5um) inside the 

facility was 1particles/m3 (p/ m3) (range = 0.106-3.095 p/ m3), and for outside downwind of 

the facility a median of 0.006 p/ m3 (range=0-6.238 p/ m3) was measured. The median 

particle count for particles (<5 um) inside the facility was 2.470 p/ m3 

(range=1.170-1,119.093 p/ m3), and for downwind the facility a median of 0.363 p/ m3 

(range=0-42.738 p/ m3) was measured.

Viable sampling using the Andersen Sampler is shown in Table 2 (see supplementary 

material). The particles (<5um) inside the swine facility ranged from 11.6 × 103 cfu/m3 to 

15.9 ×103 cfu/m3 with the mean of 13.8 cfu/m3. Downwind of the facility the concentration 
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of viable total particles (<5 um) ranged from 15 cfu/m3 to 111 cfu/m3, with the mean of 63 

cfu/m3. MRSA particles (> 5um) inside the swine facility ranged from 547 cfu/m3 to 1,103 

cfu/m3; the mean concentration was 825 cfu/m3. MRSA particles (<5 um) inside the swine 

facility ranged from74 cfu/m3 to 302 cfu/m3; the mean concentration was 188 cfu/m3. 

Downwind of the facility, MRSA particles (<5 um) were detected with the mean 

concentration of 5 cfu/m3.

Table 3 (see supplementary material) shows the results for antimicrobial susceptibility 

testing and molecular typing. Twelve isolates (100%) were resistant to methicillin; eight of 

twelve (67%) were resistant to tetracycline and clindamycin; and four of twelve (33%) were 

resistant to erythromycin. All of the isolates were mecA positive. The pit fan exhausted air 

(air exhausted from the pit below the swine facility) isolate was PVL positive and spa type 

t008. The other spa types identified were t034 and t5706. Animal feed from both the truck 

and inside the swine facility tested were resistant to methicillin (4/4) and erythromycin (4/4). 

The isolates collected from animal feed were also mecA positive and spa type t034. Table 4 

(see supplementary material) demonstrates that after the swine building was emptied, power 

washed, and disinfected, no MRSA colony-forming units was detected compared to when 

the swine building was occupied.

 DISCUSSION

In this pilot study, we were able to detect airborne MRSA inside the swine facility and 215 

meters downwind of the swine facility. To our knowledge at this time, this is the first study 

to detect airborne MRSA greater than 150 meters from a swine CAFO. Green et al. showed 

that antimicrobial-resistant S. aureus can be recovered from the air exhausted from swine 

CAFOs at distances of 150 meters. Schulz et al. detected airborne MRSA 150 meters 

downwind from swine barns. The detection of airborne viable MRSA at a greater distance 

than shown preciously suggests an important consideration of MRSA potentially being 

transmitted airborne to other swine facilities within 215 meters.

The animal feed tested inside the swine facility and the animal feed tested directly from the 

truck prior to entering the swine facility tested positive for MRSA. The animal feed having 

tested positive before entry into the swine CAFO may suggest animal feed as a potential 

source of MRSA at the facility. MRSA spa type t034 was detected in the animal feed, air 

sampled inside the CAFO, and air sampled downwind of the CAFO. Cavaco et al. showed 

that metal supplements, such as zinc oxide and copper sulfate in animal feed, may promote 

selective pressure for MRSA emergence. Our findings suggest that airborne MRSA in these 

facilities may have animal feed origin.

Our study also found that when the swine CAFO was emptied and disinfected no MRSA 

particles were detected in the air. This finding demonstrated that disinfecting swine CAFOs 

can reduce and potentially eliminate MRSA transmission within a facility. With only one 

observational assessment, additional intervention studies need to be done to determine the 

effectiveness of power washing and disinfecting swine CAFOs as infection control 

measures.
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This pilot study had limitations. Our study was based on sampling only one swine farm. This 

prevents generalization of results to other farms, especially in different geographical 

locations dissimilar from the settings in our study. As this study was a pilot, we did not take 

into consideration the age and size of the pigs, time of day for sampling, and ventilation rate. 

Additionally, we only tested over a few days during the fall season.

Donham et. al. characterized the airborne dust particles in swine barns and determined that 

particles greater than 5 microns were primarily sourced from fecal material and particles less 

than 5 microns were sourced from fecal material and exfoliated epithelial cells (skin and 

gastrointestinal origin). MRSA was detected inside the building primarily on particles 

greater than 5 microns, which suggests feed may be a source. Outside, MRSA was detected 

primarily on particles less than 5 microns, suggesting that the larger particles do not remain 

airborne, and/or that smaller, animal-sourced particles may also be important contamination 

sources. Further studies need to be done to identify other potential sources, other than pigs, 

of airborne MRSA inside buildings. As the current study resulted in MRSA isolation from 

animal feed and 215 meters downwind of the swine CAFO, a more complex ecology of 

MRSA in swine facilities is emerging. To help further define the ecology of this organism, 

additional studies are needed to further evaluate animal feed as an additional source of 

MRSA in swine barns.

 Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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