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            Abstract
Livestock-associated methicillin-resistant Staphylococcus aureus (LA-MRSA) is highly prevalent in pigs and veal calves. The environment and air in pig and veal calf barns is often contaminated with LA-MRSA, and can act as a transmission source for humans. This study explores exposure–response relationships between sequence type 398 (ST398) MRSA air exposure level and nasal ST398 MRSA carriage in people working and/or living on farms. Samples and data were used from three longitudinal field studies in pig and veal calf farm populations. Samples consisted of nasal swabs from the human participants and electrostatic dust fall collectors capturing airborne settled dust in barns. In both multivariate and mutually adjusted analyses, a strong association was found between nasal ST398 MRSA carriage in people working in the barns for >20 h per week and MRSA air levels. In people working in the barns < 20 h per week there was a strong association between nasal carriage and number of working hours. Exposure to ST398 MRSA in barn air seems to be an important determinant for nasal carriage, especially in the highly exposed group of farmers, next to duration of contact with animals. Intervention measures should therefore probably also target reduction of ST398 MRSA air levels.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 6 print issues and online access
$259.00 per year
only $43.17 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Figure 1[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Risk-based eradication as a control measure to limit the spread of LA-MRSA among Danish pig herds – a simulation study
                                        
                                    

                                    
                                        Article
                                         Open access
                                         13 September 2019
                                    

                                

                                Jana Schulz, Anette Boklund, … Tariq Halasa

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Insights into Pasteurellaceae carriage dynamics in the nasal passages of healthy beef calves
                                        
                                    

                                    
                                        Article
                                         Open access
                                         16 August 2019
                                    

                                

                                A. C. Thomas, M. Bailey, … M. C. Eisler

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Gulls as Sources of Environmental Contamination by Colistin-resistant Bacteria
                                        
                                    

                                    
                                        Article
                                         Open access
                                         10 March 2020
                                    

                                

                                Alan B. Franklin, Andrew M. Ramey, … Jeffrey C. Chandler

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Pletinckx LJ, Verhegghe M, Dewulf J, Crombé F, De Bleecker Y, Rasschaert G et al. Screening of poultry-pig farms for methicillin-resistant Staphylococcus aureus: Sampling methodology and within herd prevalence in broiler flocks and pigs. Infect Genet Evol 2011; 11: 2133–2137.
Article 
    CAS 
    
                    Google Scholar 
                

	Kreausukon K, Fetsch A, Kraushaar B, Alt K, Müller K, Krömker et al. Prevalence, antimicrobial resistance, and molecular characterization of methicillin-resistant Staphylococcus aureus from bulk tank milk of dairy herds. J Dairy Sci 2012; 95: 4382–4388.
Article 
    CAS 
    
                    Google Scholar 
                

	Graveland H, Wagenaar JA, Heesterbeek J, Mevius D, Van Duijkeren E, Heederik DJJ . Methicillin resistant Staphylococcus aureus ST398 in veal calf farming: human MRSA carriage related with animal antimicrobial usage and farm hygiene. PLoS One 2010; 5: e10990.
Article 
    
                    Google Scholar 
                

	Broens EM, Graat EA, Van der Wolf PJ, Van de Giessen AW, De Jong MC . Prevalence and risk factor analysis of livestock associated MRSA-positive pig herds in The Netherlands. Prev Vet Med 2011; 102: 41–49.
Article 
    CAS 
    
                    Google Scholar 
                

	Mulders MN, Haenen AP, Geenen PL, Vesseur PC, Poldervaart ES, Bosch T et al. Prevalence of livestock-associated MRSA in broiler flocks and risk factors for slaughterhouse personnel in the Netherlands. Epidemiol Infect 2010; 138: 743–755.
Article 
    CAS 
    
                    Google Scholar 
                

	Van den Broek IV, Van Cleef BA, Haenen A, Broens EM, Van der Wolf PJ, Van den Broek MJ et al. Methicillin-resistant Staphylococcus aureus in people living and working in pig farms. Epidemiol Infect 2009; 137: 700–708.
Article 
    CAS 
    
                    Google Scholar 
                

	Van Cleef BA, Van Benthem BH, Verkade EJ, Van Rijen M, Kluytmans-van den Bergh MF, Schouls LM et al. Dynamics of methicillin-resistant Staphylococcus aureus and methicillin-susceptible Staphylococcus aureus carriage in pig farmers: a prospective cohort study. Clin Microbiol Infect 2014; 20: O764–O771.
Article 
    CAS 
    
                    Google Scholar 
                

	Kluytmans J, van Belkum A, Verbrugh H . Nasal carriage of Staphylococcus aureus epidemiology, underlying mechanisms, and associated risks. Clin Microbiol Rev 1997; 10: 505–520.
Article 
    CAS 
    
                    Google Scholar 
                

	Graveland H, Wagenaar JA, Bergs K, Heesterbeek JAP, Heederik D . Persistence of livestock associated MRSA CC398 in humans is dependent on intensity of animal contact. PLoS One 2011; 6: e16830.
Article 
    CAS 
    
                    Google Scholar 
                

	Van Cleef BA, Graveland H, Haenen APJ, Van de Giessen AW, Heederik D, Wagenaar JA et al. Persistence of livestock-associated methicillin-resistant Staphylococcus aureus in field workers after short-term occupational exposure to pigs and veal calves. J Clin Microbiol 2011; 49: 1030–1033.
Article 
    
                    Google Scholar 
                

	Van Cleef BA, Broens EM, Voss A, Huijsdens XW, Züchner L, Van Benthem BH et al. High prevalence of nasal MRSA carriage in slaughterhouse workers in contact with live pigs in the Netherlands. Epidemiol Infect 2010; 138: 756–763.
Article 
    CAS 
    
                    Google Scholar 
                

	Gilbert MJ, Bos MEH, Duim B, Urlings BA, Heres L, Wagenaar JA et al. Livestock-associated MRSA ST398 carriage in pig slaughterhouse workers related to quantitative environmental exposure. Occup Environ Med 2012; 69: 472–478.
Article 
    
                    Google Scholar 
                

	Merialdi G, Galletti E, Guazzetti S, Rosignoli C, Alborali G, Battisti A et al. Environmental methicillin-resistant Staphylococcus aureus contamination in pig herds in relation to the productive phase and application of cleaning and disinfection. Res Vet Sci 2013; 94: 425–427.
Article 
    CAS 
    
                    Google Scholar 
                

	Pletinckx LJ, Verhegghe M, Crombe F, Dewulf J, De Bleecker Y, Rasschaert G et al. Evidence of possible methicillin-resistant Staphylococcus aureus ST398 spread between pigs and other animals and people residing on the same farm. Prev Vet Med 2013; 109: 293–303.
Article 
    
                    Google Scholar 
                

	Springer B, Orendi U, Much P, Höger G, Ruppitsch W, Krziwanek K et al. Methicillin-resistant Staphylococcus aureus: a new zoonotic agent? Wiener Klin Wochenschr 2009; 121: 86–90.
Article 
    CAS 
    
                    Google Scholar 
                

	Friese A, Schulz J, Hoehle L, Fetsch A, Tenhagen B-A, Hartung J et al. Occurrence of MRSA in air and housing environment of pig barns. Vet Microbiol 2012; 158: 129–135.
Article 
    
                    Google Scholar 
                

	Fessler At, Olde Riekerink RG, Rothkamp A, Kadlec K, Sampimon OC, Lam TJ et al. Characterization of methicillin-resistant Staphylococcus aureus CC398 obtained from humans and animals on dairy farms. Vet Microbiol 2012; 160: 77–84.
Article 
    CAS 
    
                    Google Scholar 
                

	Broens EM, Van Cleef BA, Graat EA, Kluytmans JA . Transmission of methicillin resistant Staphylococcus aureus from food production animals to humans: a review. CAB Reviews: Perspectives in Agriculture, Veterinary Science, Nutrition and Natural Resources 2008; 3 No. 095, page 1–12.

	Wertheim HF, Melles DC, Vos MC, van Leeuwen W, van Belkum A, Verbrugh HA et al. The role of nasal carriage in Staphylococcus aureus infections. Lancet Infect Dis 2005; 5: 751–762.
Article 
    
                    Google Scholar 
                

	Masclaux FG, Sakwinska O, Charrière N, Semaani E, Oppliger A . Concentration of airborne Staphylococcus aureus (MRSA and MSSA), total bacteria, and endotoxins in pig farms. Ann Occup Hyg 2013; 57: 550–557.
CAS 
    PubMed 
    
                    Google Scholar 
                

	Dorado-Garcia A, Bos MEH, Graveland H, Van Cleef BA, Verstappen KM, Kluytmans JA et al. Risk factors for persistence of livestock-associated MRSA and environmental exposure in veal calf farmers and their family members: an observational longitudinal study. BMJ Open 2013; 3: e003272.
Article 
    
                    Google Scholar 
                

	Gibbs SG, Green CF, Tarwater PM, Mota LC, Mena KD, Scarpino PV . Isolation of antibiotic-resistant bacteria from the air plume downwind of a swine confined or concentrated animal feeding operation. Environ Health Perspect 2006; 114: 1032–1037.
Article 
    CAS 
    
                    Google Scholar 
                

	Heederik DJJ, Opstal-van Winden AJW, Smit LAM, Wouters IM, Hooiveld M, Ijzermans CJ et al. Mogelijke effecten van de intensieve-veehouderij op de gezondheid van omwonenden: onderzoek naar potentiële blootstelling en gezondheidsproblemen. IRAS Universiteit Utrecht, NIVEL, RIVM 2011.

	Bisdorff B, Scholhölter JL, Claußen K, Pulz M, Nowak D, Radon K . MRSA-ST398 in livestock farmers and neighbouring residents in a rural area in Germany. Epidemiol Infect 2012; 140: 1800–1808.
Article 
    CAS 
    
                    Google Scholar 
                

	Van Cleef BA, Verkade EJ, Wulf MW, Buiting AG, Voss A, Huijsdens XW et al. Prevalence of livestock-associated MRSA in communities with high pig-densities in the Netherlands. PLoS One 2010; 5: e9385.
Article 
    
                    Google Scholar 
                

	Graveland H, Wagenaar JA, Verstappen KM, Oosting-van Schothorst I, Heederik DJ, Bos MEH . Dynamics of MRSA carriage in veal calves: a longitudinal field study. Prev Vet Med 2012; 107: 180–186.
Article 
    
                    Google Scholar 
                

	Dohmen W, Bonten MJM, Bos MEH, Van Marm S, Scharringa J, Wagenaar JA et alCarriage of Extended Spectrum Beta-Lactamases in pig farmers is associated to occurrence in pigs, 2013 (submitted)..

	Noss I, Wouters IM, Visser M, Heederik DJ, Thorne PS, Brunekreef B et al. Evaluation of a low-cost electrostatic dust fall collector for indoor air endotoxin exposure assessment. Appl Environ Microbiol 2008; 74: 5621–5627.
Article 
    CAS 
    
                    Google Scholar 
                

	Francois P, Pittet D, Bento M, Pepey B, Vaudaux P, Lew D et al. Rapid detection of methicillin-resistant Staphylococcus aureus directly from sterile or nonsterile clinical samples by a new molecular assay. J Clin Microbiol 2003; 41: 254–260.
Article 
    CAS 
    
                    Google Scholar 
                

	Van Meurs ML, Schellekens JJ, De Neeling AJ, Duim B, Schneeberger PM, Hermans MH . Real-time PCR to distinguish livestock-associated (ST398) from non-livestock-associated (methicillin-resistant) Staphylococcus aureus. Infection 2013; 41: 339–346.
Article 
    CAS 
    
                    Google Scholar 
                

	Tulinski P, Fluit AC, Wagenaar JA, Mevius DJ, Van de Vijver L, Duim B . Methicillin-resistant coagulase-negative staphylococci on pig farms as a reservoir of heterogeneous staphylococcal cassette chromosome mec elements. Appl Environ Microbiol 2012; 78: 299–304.
Article 
    CAS 
    
                    Google Scholar 
                

	Kilic A, Muldrew KL, Tang YW, Basustaoglu AC . Triplex real-time polymerase chain reaction assay for simultaneous detection of Staphylococcus aureus and coagulase-negative staphylococci and determination of methicillin resistance directly from positive blood culture bottles. Diagn Microbiol Infect Dis 2010; 66: 349–355.
Article 
    CAS 
    
                    Google Scholar 
                

	Van Leeuwen W, Roorda L, Hendriks W, Francois P, Schrenzel J . A nuc-deficient methicillin-resistant Staphylococcus aureus strain. FEMS Immunol Med Microbiol 2008; 54: 157.
Article 
    CAS 
    
                    Google Scholar 
                

	Den Heijer CDJ, van Bijnen EME, Paget WJ, Pringle M, Goossens H, Bruggeman CA et al. Prevalence and resistance of commensal Staphylococcus aureus, including meticillin-resistant S aureus, in nine European countries: a cross-sectional study. Lancet Infect Dis 2013; 13: 409–415.
Article 
    
                    Google Scholar 
                

	Verkade E, van Benthem B, den Bergh MK, van Cleef B, van Rijen M, Bosch T et al. Dynamics and determinants of Staphylococcus aureus carriage in livestock veterinarians: a prospective cohort study. Clin Infect Dis 2013; 57: e11–e17.
Article 
    
                    Google Scholar 
                

	Tebbens BD . Personal dosimetry versus environmental monitoring. J Occup Med 1973; 15: 639–641.
CAS 
    PubMed 
    
                    Google Scholar 
                

	Stevens DC . The particle size and mean concentrations of radioactive aerosols measured by personal and static air samples. Ann Occup Hyg 1969; 12: 33–40.
CAS 
    PubMed 
    
                    Google Scholar 
                

	Broens EM, Graat EA, van der Wolf PJ, van de Giessen AW, van Duijkeren E, Wagenaar JA et al. MRSA CC398 in the pig production chain. Prev Vet Med 2011; 98: 182–189.
Article 
    CAS 
    
                    Google Scholar 
                

	Bos MEH, Graveland H, Portengen L, Wagenaar JA, Heederik DJ . Livestock-associated MRSA prevalence in veal calf production is associated with farm hygiene, use of antimicrobials, and age of the calves. Prev Vet Med 2012; 105: 155–159.
Article 
    
                    Google Scholar 
                


Download references




Acknowledgements
We would like to acknowledge all field workers and laboratory assistants, especially Isabella Oosting-van Schothorst, Arjen Timmerman and Marian Broekhuizen-Stins. The research included in this paper was funded by Senter Novem, The Netherlands Organization for Health Research and Development (ZonMw) (grant numbers 125020009 and 505170098053), the Product Boards for Livestock Meat and Eggs, and the Dutch Ministry of Agriculture Nature and Food Quality (POM and BACTOPATH projects).


Author information
Authors and Affiliations
	Division of Environmental Epidemiology, Institute for Risk Assessment Sciences, Utrecht University, Utrecht, The Netherlands
Marian E H Bos, Wietske Dohmen, Alejandro Dorado-García, Haitske Graveland & Dick J J Heederik

	Department of Infectious Diseases and Immunology, Faculty of Veterinary Medicine, Utrecht University, Utrecht, The Netherlands
Koen M Verstappen, Alejandro Dorado-García, Birgitta Duim & Jaap A Wagenaar

	Central Veterinary Institute of Wageningen UR, Lelystad, The Netherlands
Jaap A Wagenaar

	Laboratory for Medical Microbiology and Immunology, St. Elisabeth Hospital, Tilburg, The Netherlands
Brigitte A G L van Cleef & Jan A J W Kluytmans

	Laboratory for Microbiology and Infection Control, Amphia Hospital, Breda, The Netherlands
Brigitte A G L van Cleef & Jan A J W Kluytmans

	Department of Medical Microbiology and Infection Control, VU University Medical Center, Amsterdam, The Netherlands
Jan A J W Kluytmans


Authors	Marian E H BosView author publications
You can also search for this author in
                        PubMed Google Scholar



	Koen M VerstappenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Brigitte A G L van CleefView author publications
You can also search for this author in
                        PubMed Google Scholar



	Wietske DohmenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Alejandro Dorado-GarcíaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Haitske GravelandView author publications
You can also search for this author in
                        PubMed Google Scholar



	Birgitta DuimView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jaap A WagenaarView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jan A J W KluytmansView author publications
You can also search for this author in
                        PubMed Google Scholar



	Dick J J HeederikView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Marian E H Bos.


Ethics declarations

              
                Competing interests

                The authors declare no conflict of interest.

              
            

Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Bos, M., Verstappen, K., van Cleef, B. et al. Transmission through air as a possible route of exposure for MRSA.
                    J Expo Sci Environ Epidemiol 26, 263–269 (2016). https://doi.org/10.1038/jes.2014.85
Download citation
	Received: 23 March 2014

	Revised: 14 October 2014

	Accepted: 16 October 2014

	Published: 17 December 2014

	Issue Date: May 2016

	DOI: https://doi.org/10.1038/jes.2014.85


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	MRSA
	transmission
	exposure
	air
	livestock







            


            

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Information
                                
                            
	
                                
                                    Open Access Fees and Funding
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    About the Affiliate
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    For Advertisers
                                
                            
	
                                
                                    Subscribe
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors and Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Journal of Exposure Science & Environmental Epidemiology (J Expo Sci Environ Epidemiol)
                
                
    
    
        ISSN 1559-064X (online)
    
    


                
    
    
        ISSN 1559-0631 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    











    [image: ]







[image: ]
