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Objectives

Specific objectives of this session:

• Learn about S. aureus as a human commensal and pathogen

• Learn about MRSA virulence and pathogenesis 

• Learn about MRSA typing and evolution

• Learn how to apply typing of MRSA for public health purposes

Related to the course objectives

Learn about bioinformatics tools applied in public health
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Outline

This session consists of the following elements

• S. aureus as a human commensal and pathogen

• Resistance to antimicrobials- beta-lactams

• Typing of MRSA for public health purposes

• SCCmec

• Pathogenesis and virulence

• Evolution of MRSA

1. Group exercise integrating bioinformatic tools to annotate S. aureus genomes 
and interpretation of results in a public health context
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Outline

• S. aureus as a human commensal and pathogen

• Resistance to antimicrobials- beta-lactams

• Typing of MRSA for public health purposes

• SCCmec

• Pathogenesis and virulence

• Evolution of MRSA

ILOs: after the talk you will have a overview of MRSA typing, genetics 
and evolution



Global prevalence of MRSA
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•. Lee AS et.al. Nature reviews Disease Primers 2018 May 31;4:18033 



Colonization

Wertheim, Lancet Inf Dis, 2005, 5, 751

Frequence of S. aureus carriage 
• 20 %  permanent (colonization)
• 30 % intermittent (contamination)
• 50 % never

• Human Genetics, 
• Microbial genetics

• microbial community state types?

• Colonizing strain cause infection



S. aureus infections

Skin and soft tissue infections

• Impetigo, furunculosis, abscesses

• Wound infections, SSSS

Servere infections

• BSI (30 day all course fatality: ca. 25%)

• Pneumonia, endocarditis, osteomyelitis

Toxic diseases

– Toxic shock syndrome

– Food poisoning

Nature Reviews Microbiology volume 12, pages585–591 (2014)

https://www.nature.com/nrmicro


Virulence factors

• Adhesins- MSCRAMMs 

(microbial surface components recognizing adhesion matrix 
molecules)

fibrinogen-, collagen- binding proteins

• Extracellular enzymes

– coagulases, proteases, hemolysins

• Toxins

TSST, Eta/b, enterotoxins, PVL

• Immune evasion

Protein A binds AB fc-region, IEC: sak,chp,scn

Lowy FD. N Engl J Med 1998;339:520-532



Virulence factors

Mobile Genetic elements (MGEs) and horizontal gene transfer (HGT) 

• conjugation of conjugative plasmids 

• transduction by bacteriophage 

Restriction- modification (RM) barriers prevent HGT

RM systems are “lineage specific”

Consequently many virulence factors are lineage specific



Virulence Finder, cge.cbs.dtu.dk/services/VirulenceFinder/



Typing of Staphylococcus aureus 



From Phages to WGS



Spa typning

Staphylococcous protein A- Surface protein 
–Variabel X region
1 to 25 repeats
No, sequence and succesion determines the 
spa type



www.spaserver.ridom.de

Result: Spa-type: t044
Spa-Type Repeats Succession: 07-23-12-34-34-33-34
(Kreiswirth IDs: UJGBBPB) 

http://www.spaserver.ridom.de/spa-t044.shtml


SpaTyper- CGE tool



Genetic lineages

Sequence type 
•MLST(ST), n>2200
•Clonal Complexes



MLST Finder



Methicillin Resistant Staphylococcus aureus- MRSA



Staphylococcus aureus and β-lactams

b-lactams including penicillins and cephalosporins used since the early 
1940s and late 1950s, respectively.

Penicillins binds to penicillin binding proteins (PBPs) causing 
discontinuation of cell wall synthesis and killing of the bacteria

Penicillin resistance 

blaZ - usually plasmid-borne

Penicillinase

Enzymatic cleavage of the β-lactam ring

Susann Skagseth

https://www.researchgate.net/profile/Susann-Skagseth


b-lactam resistance in S. aureus

Methicillin resistance- MRSA
mecA or mecC

Present on SCCmec

PBP2a or PBP2c

Low affinity for penicillins and 
cephalosporins

Modified from: J Am Chem Soc. 2017 Jul 26; 139(29): 9791–9794•. Lee AS et.al. Nature reviews Disease Primers 2018 May 31;4:18033 



MRSA nomenclauture

Staphylococcal Cassette Chromosome (SCCmec)

Nomenclature- ST and SCCmec type  

i.e ST8-IV

AAC 2009, IWG-SCC commentary



1961 The first MRSA repport



MRSA evolution

Chambers HF, Deleo FR.Nat Rev Microbiol. 2009 Sep;7(9):629-41



SCCmec and epidemiology

Mobile genetic element, containing mecA/C, 15 major types I-XV

SCCmec

type

ccr type mec

class

Size 

(kb)

Additional resistance determinats

I ccrAB1 A 36 None

II ccrAB2 B 39 Erythromycin, aminoglycosides

III ccrAB3 B 67 Macrolide, tetracycline, cadmium, 

mercury

IV ccrAB2 A 21-24 None 

(IVc: gentamicin)

V ccrC C 27 None

Vc ccrC2 & 5 C 47 Tetracycline, heavy metals



Structure of SCCmec and J regions

AAC 2009, IWG-SCC commentary



The SCCmec element

• Nomenclature 

IWG-SCC

• 15 Types and many more subtypes 

(based on variations in the joining 

(J) regions

Baig et al., 2018, IGE



Composition and abundance of SCCmec across Staphylococci

Variability is near exclusive to the ccr/mec compositions

ccrA allotype ccrB allotype ccrC allotype mec class SCCmec

Novel 
types

in courtesy of Marc Stegger



SCCmecFinder



Evolution

Chambers HF, Deleo FR.Nat Rev Microbiol. 2009 Sep;7(9):629-41
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1961: Jevons, 
6 “First MRSA”

1940s-50s: 
MRSA

Circulating 
“Silently”

1944: 
Penicillin

Introduced
1960: 

Methicillin 

Hankins CP, et al. Genome Biol 2017;18:130; Chambers & DeLeo Nat Rev Microbiol 2009;7:629-41. 

The first MRSA

Modified from original slide, in courtesy of Michael Z. David, University of Pennsylvania
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Modified from original slide, in courtesy of Michael Z. David, University of Pennsylvania



2
0

2
0

1
9
4
0

1
9

9
0

2
0

1
0

1
9
4
0

2
0

0
0

1
9
6
0

1
9
8
0

1
9
7
0

1961: Jevons, 
6 “First MRSA”

1940s-50s: 
MRSA

Circulating 
“Silently”

1944: Penicillin
1960: Methicillin 

Introduced

1982: CA-MRSA, 
Detroit

mid-80s: Canada

1999: CA-MRSA 
Deaths of 

2 Infants, USA
1994: CA-MRSA 
first in Geneva 

1989: CA-MRSA 
Western Australia

2001: CA-MRSA
in Latin America

c. 1990: 
USA300

1968: First US 
MRSA Outbreak/
?1964: Canada

2000-
CA-MRSA era, 

many countries; 
many PVL+

1980s-90s:
Major waves
of HA-MRSA

HA-, CA, and LA- MRSA waves

2006: LA-MRSA
in the Netherlands

Modified from original slide, in courtesy of Michael Z. David, University of Pennsylvania
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Chambers & DeLeo Nat Rev Microbiol 2009;7:629-41; Grundmann H, et al. Euro Surveill 2014;19(49):pii=20987; Aires de Sousa M, et al. FEMS Immmunol Med 
Microbiol 2004;40:101-11; McAdam PR, et al. PNAS 2012;109:9107-12; Monecke S, et al, PLOS ONE 2011;6(4): e17936.

1980s-1990s: Major worldwide 
“wave” of HA-MRSA

2000-: CA-MRSA  many PVL+, non-MDR

Early 1960s:
UK

ST250/t008/P
VL-

“Archaic”

1960s Denmark
ST250/t008
ST247/t051 
ST254/t008

Switzerland
t008

ST247/Iberian
ST239-IIIa/Brazilian

/EMRSA-1
AUS-2, -3

ST22-IV /EMRSA-15/ 
ST36-II

EMRSA-16/USA200

ST5-II
USA100
NY/Japan/
CMRSA2

ST45-IV
Berlin

c. 1977:
EMRSA-16

2006- LA-MRSA- CC398

Timeline of major events in MRSA history

Modified from original slide, in courtesy of Michael Z. David, University of Pennsylvania



Most frequent MRSA clones

34

•. Lee AS et.al. Nature reviews Disease Primers 2018 May 31;4:18033 



Take home

Typing of MRSA consists of MLST (or spa) and SCCmec typing

Certain genetic characteristics determine the pathogenic potential and 
epidemiology of S. aureus 

CGE online tools can be used to identify ST, SCCmec, virulence
determinants and antimicrobial resistance genes in S. aureus
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Exercise


