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Antibiotic resistant pathogens are frequently ubiquitous bacteria, whose

occurrence in the environment represents an opportunity for proliferation,

dissemination and to reach the environment-human interfaces, e.g. food-

products or leisure areas. Staphylococcus aureus is a species that exemplifies

that situation. Methicillin resistant S. aureus can be found in the environment

and in humans, and represent a major public health threat.

This study aimed at comparing the genomes of strains of distinct origins, in

order to explore features that may underlie a specific lifestyle.
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• Clinical and environmental methicillin-resistant S. aureus belong to the same genetic lineages (multi-locus sequence type and staphylococcal cassette chromosome mec type);

• Clinically-relevant traits might suggest specialization to clinical or environmental habitats;

• This work will contribute to improve the knowledge on the characteristics that might differentiate clinical and environmental MRSA. 
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SCCmec type IVa(2B) / spa types: 

t008; t1578; t304; t622; t967

SCCmec type XII(9C2) / spa types:t2922; t4132; t899
SCCmec type IVa(2B) / spa type: t008

SCCmec type IVa(2B) / spa type: t008
SCCmec type IVc(2B) / spa type: t002

SCCmec type Vb(5C2&5) / spa type: t437
SCCmec type II(2A) / spa type: t007

SCCmec type IVd(2B) / spa types: t064; t723
SCCmec type V(5C2) / spa type: t328

SCCmec type XII(9C2) / spa type: t002
SCCmec type XII(9C2) / spa type: t002
SCCmec type IVa(2B) / spa types: t008; t063

SCCmec types V(5C2&5) and Vc(5C2&5) / spa types: t034; t10065
SCCmec types IVa(2B) and XII(9C2) / spa types: t002; t045; t3234

SCCmec type IVa(2B) / spa type: t011

SCCmec type Vc(5C2&5) / spa type: t1451
SCCmec type III(3A) / spa types: t030; t969
SCCmec type IVa(2B) / spa type: t314

SCCmec type Vc(5C2&5) / spa type: t4690
SCCmec type Vc(5C2&5) / spa types: t011

SCCmec type IVa(2B) / spa type: t437
SCCmec type IVa(2B) / spa type: t437

SCCmec type Vb(5C2&5) / spa type: t437

SCCmec type IVa(2B) / spa type: t437

SCCmec type IVg(2B) / spa type: t437
SCCmec type IVa(2B) / spa type: t437
SCCmec type IVa(2B) / spa type: t437
SCCmec type IVg(2B) / spa type: t114

SCCmec type IVa(2B) / spa type: tt899
SCCmec type IVa(2B) / spa type: t437

SCCmec type IVa(2B) / spa type: t437

SCCmec type III(3A) / spa type: t030
SCCmec type V(5C2&5) / spa type: t034

SCCmec type IV(2B); 

IVa(2B) / spa type: t202

SCCmec type IVa(2B) / spa type: t024

SCCmec type IVa(2B) / spa type: t008
SCCmec type IVa(2B) / spa type: t008

SCCmec type IVa(2B) / spa type: t008
SCCmec type IVa(2B) / spa type: t008
SCCmec type IVa(2B) / spa type: t008

SCCmec type IVa(2B) / spa type: t2031
SCCmec type IVa(2B) / spa type: t214

SCCmec type IV(2B); Iva(2B) / spa type: t2031
SCCmec type IVc(2B) / spa type: t443

SCCmec type IVa(2B) / spa type: t16000
SCCmec type XII(9C2) / spa type: t548

SCCmec type IVa(2B) / spa type: t008
SCCmec type IVc(2B) / spa type: t008

SCCmec type IVa(2B) / spa type: t008
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Environmental and clinical MRSA genomes 

integrated distinct MLST groups
The environmental MRSA genomes belonged to 18 

MLST, 11 of which were common to clinical genomes
CSA80-ST612-IVd(2B)-t064-Australia: Western Australia
ESA127-ST612-IVd(2B)-t064-Vet Hospital-Australia: New South Wales
CSA75-ST612-IVd(2B)-t064-Australia: New South Wales
CSA74-ST612-IVd(2B)-t064-Australia: New South Wales
CSA73-ST612-IVd(2B)-t723-Australia: South Australia
CSA72-ST612-IVd(2B)-t064-Australia: Western Australia
CSA63-ST612-IVd(2B)-t723-Carriage sample-Australia

ESA67-ST8-IVc(2B)-t008-Pork Chop-USA:OR
ESA46-ST8-IVa(2B)-t2031-Ground turkey-USA:CO
ESA43-ST8-IVa(2B)-t008-Chicken breast-USA:MD
ESA42-ST8-IVa(2B)-t008-Chicken breast-USA:PA
ESA41-ST8-IVa(2B)-t008-Chicken breast-USA: MD
ESA194-ST8-IVa(2B)-t008-Ground turkey-USA:TN
ESA191-ST8-IVa(2B)-t2031-Ground turkey-USA:TN
ESA190-ST8-IVa(2B)-t2031-Ground turkey-USA:MD
ESA189-ST8-IVa(2B)-t2031-Ground turkey-USA:OR
ESA186-ST8-IVa(2B)-t008-Ground turkey-USA:OR
ESA185-ST8-IVa(2B)-t008-Ground Beef-USA:MD
ESA184-ST8-IVa(2B)-t008-Chicken breast-USA:MD
ESA183-ST8-IVa(2B)-t008-Chicken breast-USA:MD
ESA182-ST8-IVa(2B)-t008-Ground turkey-USA:MD
ESA181-ST8-IVa(2B)-t008-Ground turkey-USA:MD
ESA180-ST8-IVa(2B)-t008-Ground turkey-USA:TN
ESA179-ST8-IVa(2B)-t024-Pork Chop-USA:MD
ESA178-ST8-IVa(2B)-t024-Pork Chop-USA:MD
ESA177-ST8-IVa(2B)-t008-Ground Beef-USA:CO
ESA176-ST8-IVa(2B)-t008-Ground turkey-USA:CO
ESA165-ST8-IV(2B)-t2031-Ground turkey-USA:CO
ESA164-ST8-IVa(2B)-t2031-Ground turkey-USA:CO
ESA163-ST8-IVa(2B)-t2031-Ground turkey-USA:TN
ESA162-ST8-IV(2B)-t2031-Ground turkey-USA:OR
ESA161-ST8-IVa(2B)-t2031-Ground turkey-USA:CO
ESA160-ST8-IVa(2B)-t2031-Ground turkey-USA:CO
ESA159-ST8-IVa(2B)-t2031-Ground turkey-USA:CO
ESA158-ST8-IVa(2B)-t2031-Ground turkey-USA:MD
ESA157-ST8-IVa(2B)-t2031-Ground turkey-USA:TN
ESA156-ST8-IVa(2B)-t008-Ground turkey-USA:MD
ESA155-ST8-IVa(2B)-t008-Ground turkey-USA:CO
ESA154-ST8-IVa(2B)-t008-Ground turkey-USA:OR
ESA153-ST8-IVa(2B)-t008-Ground turkey-USA:MD
ESA152-ST8-IVa(2B)-t008-Ground turkey-USA:TN
ESA151-ST8-IVa(2B)-t008-Ground Beef-USA:MD
ESA150-ST8-IVa(2B)-t16000-Ground turkey-USA:TN
ESA147-ST8-IVa(2B)-t008-Ground Beef-USA:OR
ESA146-ST8-IVa(2B)-t008-Ground Beef-USA:OR
ESA133-ST8-IVa(2B)-t008-Water-Austria: Carinthia
ESA129-ST8-IVa(2B)-t2031-Ground turkey-USA:OR
ESA122-ST8-IVa(2B)-t008-Ground Beef-USA:TN
ESA121-ST8-IVa(2B)-t008-Ground beef-USA: MD
ESA120-ST8-IVc(2B)-t008-Pork Chop-USA:OR
ESA1-ST8-IVa(2B)-t008-Essential oils-Spain
CSA88-ST8-IVa(2B)-t622-USA: Irvine CA
CSA87-ST8-IVa(2B)-t622-Nares-USA: Irvine CA
CSA86-ST8-IVa(2B)-t622-Nares-USA: Irvine CA
CSA85-ST8-IVa(2B)-t622-Nares-USA: Irvine CA
CSA84-ST8-IVa(2B)-t008-Skin and soft tissue-USA:California
CSA83-ST8-IVa(2B)-t008-Skin and soft tissue-USA:Nebraska
CSA82-ST8-IVa(2B)-t008-Skin and soft tissue-USA:Nebraska
CSA78-ST8-IVa(2B)-t008-Blood-United Kingdom: England
CSA77-ST8-IVa(2B)-t008-Nares-USA: Mississippi
CSA76-ST8-IVa(2B)-t1578-Wound-USA
CSA7-ST8-IVa(2B)-unknown-Nares-USA: Irvine CA
CSA66-ST8-IVa(2B)-t063-Austria: Vienna
CSA6-ST8-IVa(2B)-t622-Nares-USA: Irvine CA
CSA5-ST8-IVa(2B)-t622-USA: Irvine CA
CSA42-ST8-IVa(2B)-unknown-SSTI-USA: New York City
CSA41-ST8-IVa(2B)-t008-USA
CSA40-ST8-IVa(2B)-t008-Lung-Canada: Calgary
CSA4-ST8-IVa(2B)-t008-Sputum-USA: Boston MA
CSA3-ST8-IVa(2B)-t622-USA: Irvine CA
CSA24-ST8-IVa(2B)-t008-
CSA23-ST8-IVa(2B)-t008-USA: Mississippi
CSA2-ST8-IVa(2B)-t622-USA: Irvine CA
CSA19-ST8-IVa(2B)-t008-Blood-USA: San Diego
CSA16-ST8-IVa(2B)-t008-Nares-USA: Irvine CA
CSA15-ST8-IVa(2B)-t008-USA: Irvine CA
CSA14-ST8-IVa(2B)-t967-Sputum-USA: Boston MA
CSA13-ST8-IVa(2B)-t622-Blood-USA: Irvine CA
CSA12-ST8-IVa(2B)-t304-Nares-USA: Irvine CA
CSA11-ST8-IVa(2B)-t622-Wound-USA: Irvine CA
CSA10-ST8-IVa(2B)-Unknown-Nares-USA: Boston MA

CSA17-ST239-III(3A)-t030-China:Yunnan
CSA18-ST239-III(3A)-t969-China:Yunnan
ESA193-ST239-III(3A)-t969-Milk from farm-China: Chongqing
ESA198-ST239-III(3A)-t030-Milk from farm-China: Chongqing

ESA80-ST9-XII(9C2)-t899-Poultry meat-Germany
ESA81-ST9-XII(9C2)-t899-Poultry meat-Poland
ESA79-ST9-XII(9C2)-t899-Pork meat-Czech Republic
ESA78-ST9-XII(9C2)-t899-Poultry meat-Germany
CSA89-ST9-XII(9C2)-t4132-Bodily fluid-Netherlands
CSA64-ST9-XII(9C2)-t2922-Bodily fluid-Netherlands
CSA21-ST9-XII(9C2)-unknown-Bodily fluid-Netherlands

CSA62-ST1535-V(5C2)-t328-Saudi Arabia: Riyadh
ESA126-ST1535-V(5C2)-t328-Retail meat-Saudi Arabia: Riyadh
CSA61-ST1535-V(5C2)-t328-Saudi Arabia: Riyadh

CSA20-ST1-IVg(2B)-t114-Anal swab-China: Guangzhou
ESA24-ST1-IVg(2B)-t114-Drinking water-China: Guangzhou

CSA26-ST5-IVa(2B)-t002-USA
CSA27-ST5-XII(9C2)-t3234-USA
ESA130-ST5-XII(9C2)-t548-Pork Chop-USA:OR
ESA166-ST5-XII(9C2)-t548-Pork Chop-USA:OR
ESA167-ST5-XII(9C2-t548-Pork Chop-USA:OR
ESA168-ST5-XII(9C2)-t548-Pork Chop-USA:OR
ESA169-ST5-XII(9C2)-t548-Pork Chop-USA:OR
ESA170-ST5-XII(9C2)-t548-Ground Beef-USA:OR
ESA171-ST5-XII(9C2)-t548-Pork Chop-USA:OR
ESA35-ST5-XII(9C2)-t002-Swine facility-USA
ESA36-ST5*-IVa(2B)-t214-Ground Beef-USA:CT
ESA37-ST5*-IVa(2B)-t214-Ground Beef-USA:CT
ESA38-ST5*-IVa(2B)-t214-Pork Chop-USA:CT
ESA39-ST5-IVc(2B)-t002-Pork chop-USA: MD
ESA40-ST5-IVc(2B)-t002-Pork Chop-USA:MD
ESA44-ST5-XII(9C2)-t002-Swine facility-USA
ESA45-ST5-IVa(2B)-t002-Swine facility-USA
ESA68-ST5-IVc(2B)-t002-Pork Chop-USA:MD
ESA73-ST5-XII(9C2)-t002-Food-USA
ESA74-ST5-IVa(2B)-t002-Swine facility-USA
ESA75-ST5-IVa(2B)-t045-Swine facility-USA
ESA76-ST5-XII(9C2)-t002-Swine facility-USA
ESA77-ST5-IVa(2B)-unknown-Swine facility-USA
ESA119-ST840-IVc(2B)-t443-Pork Chop-USA:TN
ESA148-ST840-IVc(2B)-t443-Pork Chop-USA:TN

CSA90-ST39-II(2A)-t007-China: Hangzhou
ESA188-ST39-II(2A)-t007-Ground Beef-USA:PA
CSA9-ST39-II(2A)-t007-USA: Kansas
CSA81-ST39-II(2A)-t007-Catheter-USA: Maywood IL
CSA8-ST39-II(2A)-t007-China: Hangzhou

ESA89-ST121-IVa(2B)-t314-Food-Nigeria
ESA90-ST121-IVa(2B)-t314-Food-Nigeria

ESA9-ST398-V(5C2 5)-t034-Raw milk products-China: Shanghai
ESA94-ST398-Vc(5C2 5)-t1451-Dairy farm-Germany
ESA88-ST398-Vc(5C2 5)-t011-Pig farm-Australia: New South Wales
ESA87-ST398-V(5C2 5)-t034-Swine facility-USA
ESA86-ST398-Vc(5C2 5)-t034-Swine facility-USA
ESA85-ST398-Vc(5C2 5)-t034-Swine facility-USA
ESA84-ST398-V(5C2 5)-t034-Swine facility-USA
ESA83-ST398-V(5C2 5)-t10065-Swine facility-USA
ESA82-ST5323*-V(5C2 5)-t034-Swine facility-USA
ESA187-ST398-IVa(2B)-t899-Poultry meat-Poland
ESA14-ST398-Vc(5C2 5)-t034-Chicken drumstick-Canada:Quebec
ESA128-ST398-IVa(2B)-t011-Dairy farm-Germany
ESA10-ST398-V(5C2 5)-t034-Raw milk products-China: Shanghai
CSA92-ST398-Vc(5C2 5)-t011-Farm workers-Australia: New South Wales
CSA91-ST398-Vc(5C2 5)-t011-Farm workers-Australia: New South Wales
CSA71-ST398-IVa(2B)-t899-Nasal swab-Czech Republic
CSA65-ST398-Vc(5C2 5)-t011-Farm workers-Australia: New South Wales
CSA60-ST398-IVa(2B)-t899-Bodily fluid-Denmark
CSA59-ST398-IVa(2B)-unknown-Bodily fluid-Denmark
CSA33-ST398-Vc(5C2 5)-t011-Farm workers-Australia: New South Wales
CSA32-ST398-Vc(5C2 5)-t011-Farm workers-Australia: New South Wales
CSA31-ST398-Vc(5C2 5)-t011-Farm workers-Australia: New South Wales
CSA30-ST398-Vc(5C2 5)-t011-Farm workers-Australia: New South Wales
CSA29-ST398-Vc(5C2 5)-t011-Farm workers-Australia: New South Wales
CSA28-ST398-Vc(5C2 5)-t011-Farm workers-Australia: New South Wales
CSA22-ST398-Vc(5C2 5)-t011-Farm workers-Australia: New South Wales

CSA1-ST338-Vb(5C2 5)-t437-China:Yunnan
ESA66-ST338-Vb(5C2 5)-t437-Food-China: Kunming

ESA93-ST59*-IVa(2B)-t437-Food-China: Lasa
ESA92-ST59*-Vb(5C2 5)-t437-Food-China: Xining
ESA72-ST59-IVa(2B)-t437-Food-China: Guangzhou
ESA71-ST59*-IVa(2B)-t437-Food-China: Guangzhou
ESA70-ST59-IVa(2B)-t437-Food-China: Guiyang
ESA145-ST59-IVa(2B)-t437-Milk from farm-China: Chongqing
ESA125-ST59-IVg(2B)-t437-Food-China: Shenzhen
ESA124-ST59-IVg(2B)-unknown-Food-China: Guangzhou
ESA123-ST59-IVa(2B)-t437-Food-China: Changchun
ESA118-ST59-IVa(2B)-t437-Milk from farm-China: Chongqing

ESA69-STunknown-IVa(2B)-t437-Food-China: Macao
ESA132-ST59*-Vb(5C2 5)-t437-Food-China: Xining
ESA131-ST59*-Vb(5C2 5)-t437-Food-China: Xining

CSA100-ST93-IVa(2B)-t202-Farm workers-Australia: New South Wales
CSA101-ST93-IV(2B)-t202-Farm workers-Australia: New South Wales
CSA102-ST93-IVa(2B)-t202-Farm workers-Australia: New South Wales
CSA103-ST93-IVa(2B)-t202-Farm workers-Australia: New South Wales
CSA104-ST93-IVa(2B)-t202-Farm workers-Australia: New South Wales
CSA105-ST93-IVa(2B)-t202-Farm workers-Australia: New South Wales
CSA106-ST93-IVa(2B)-t202-Farm workers-Australia: New South Wales
CSA107-ST93-IVa(2B)-t202-Farm workers-Australia: New South Wales
CSA108-ST93-IVa(2B)-t202-Farm workers-Australia: New South Wales
CSA109-ST93-IVa(2B)-t202-Farm workers-Australia: New South Wales
CSA110-ST93-IVa(2B)-t202-Farm workers-Australia: New South Wales
CSA25-ST93-IVa(2B)-t202-Farm workers-Australia: New South Wales
CSA43-ST93-IVa(2B)-t202-Farm workers-Australia: New South Wales
CSA44-ST93-IVa(2B)-t202-Farm workers-Australia: New South Wales
CSA45-ST93-IVa(2B)-t202-Farm workers-Australia: New South Wales
CSA46-ST93-IVa(2B)-t202-Farm workers-Australia: New South Wales
CSA47-ST93-IVa(2B)-t202-Farm workers-Australia: New South Wales
CSA48-ST93-IVa(2B)-t202-Farm workers-Australia: New South Wales
CSA49-ST93-IV(2B)-t202-Farm workers-Australia: New South Wales
CSA50-ST93-IVa(2B)-t202-Farm workers-Australia: New South Wales
CSA51-ST93-IVa(2B)-t202-Farm workers-Australia: New South Wales
CSA52-ST93-IVa(2B)-t202-Farm workers-Australia: New South Wales
CSA53-ST93-IVa(2B)-t202-Farm workers-Australia: New South Wales
CSA54-ST93-IVa(2B)-t202-Farm workers-Australia: New South Wales
CSA55-ST93-IVa(2B)-t202-Farm workers-Australia: New South Wales
CSA56-ST93-IVa(2B)-t202-Farm workers-Australia: New South Wales
CSA57-ST93-IVa(2B)-t202-Farm workers-Australia: New South Wales
CSA58-ST93-IVa(2B)-t202-Farm workers-Australia: New South Wales
CSA67-ST93-IVa(2B)-t202-Farm workers-Australia: New South Wales
CSA68-ST93-IVa(2B)-t202-Farm workers-Australia: New South Wales
CSA69-ST93-IVa(2B)-t202-Farm workers-Australia: New South Wales
CSA70-ST93-IVa(2B)-t202-Farm workers-Australia: New South Wales
CSA93-ST93-IVa(2B)-t202-Farm workers-Australia: New South Wales
CSA94-ST93-IVa(2B)-t202-Farm workers-Australia: New South Wales
CSA95-ST93-IVa(2B)-t202-Farm workers-Australia: New South Wales
CSA96-ST93-IVa(2B)-t202-Farm workers-Australia: New South Wales
CSA97-ST93-IVa(2B)-t202-Farm workers-Australia: New South Wales
CSA98-ST93-IVa(2B)-t202-Farm workers-Australia: New South Wales
CSA99-ST93-IVa(2B)-t202-Farm workers-Australia: New South Wales
ESA115-ST93-IVa(2B)-t202-Pig farm-Australia: New South Wales
ESA116-ST93-IVa(2B)-t202-Pig farm-Australia: New South Wales
ESA117-ST93-IV(2B)-t202-Pig farm-Australia: New South Wales

ESA47-ST152-Vc(5C2 5)-t4690-Food-Nigeria
ESA91-ST152-Vc(5C2 5)-t4690-Food-Nigeria100
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In general, each SNP cluster corresponded to a single SCCmec

and spa types

The genes related with resistance to β-lactams, 

aminoglycosides, macrolides, and enterotoxins were more 

frequent in the environmental genomes, while the genes 

related with resistance to fosfomycin and serine proteases 

were more frequent in the clinical

Environmental MRSA genomes were organized in 49 SNP 

clusters, 13 of which included also clinical genomes


