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I

    (Staphylococcus aureus)

(methicillin-resistant Staphylococcus aureus

MRSA) MRSA Staphylococcal Cassette 

Chromosome mec(SCCmec) SCCmec

SCCmec PVL -lactam ( spermine)

Bocillin penicillin-binding proteins(PBPs)

(multiplex polymerase chain reaction)

(PVL ) SCCmec (agar microdilution 

method) PCR PBPs

MRSA spermine -lactam

SCCmec 36.5% SCCmec IIIA SCCmec II IV

19.2% 9.6% SCCmec III V PVL 9.5%

MRSA MSSA spermine

9 PBP2a
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Abstract
Staphylococcus aureus is a major human pathogen that causes both 

nosocomial and community-onset infections worldwide. Methicillin-resistant 

Staphylococcus aureus(MRSA) has a mobile genetic element, Staphylococcal 

Cassette Chromosome mec(SCCmec). Up to now, five types of 

SCCmec(SCCmec I to V) and several variants have been repoted. In this study, 

we tested Staphylococcal Cassette Chromosome mec(SCCmec)typing and 

PVL virulence genes using PCR(multiplex polymerase chain reaction), and 

the MICs of -lactam antibiotics(contain spermine) in Staphylococcus 

aureus by agar microdilution method and using Bocillin Labeling of PBPs.  

The results showed that most of MRSA strains were multiple drugs 

resistance. We found that spermine can decrease the MICs of -lactam 

antibiotics in Staphylococcus aureus. The majority of SCCmec type are type 

IIIA(36.5%), 19.2% are type II and IV, and 9.6% are type III and V. 

Approximately 9.5% of the strains are with PVL gene, and MRSA is similar 

to MSSA. We found only 9 strains, for which the MICs of -lactam 

antibiotics could not be decreased after adding spermine. They were all 

labeled as PBP2a.
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1

1

    (Staphylococcus aureus)

 

(normal flora)  

2

    1940 penicillin

4 penicillinase 

penicillin penicillin 1960

penicillinase methicillin

methicillin-resistant Staphylococcus aureus MRSA

(NHRI communications, 2007) (1)  

3

    

methicillin-resistant S. aureus MRSA

5% 25%-50% 10%-25%

S. aureus MRSA 60% (NHRI communications, 2008) 

(24) (Taiwan 

Surveillance of Antimicrobial Resistance; TSAR)  
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S. aureus 75-80% MRSA

MRSA S. aureus 50%  

4

    MRSA

staphylococcal cassette chromosome mec SCCmec methicillin

(Katayama Y, 2000)( 17) SCCmec mec mecgene 

complex ccr ccr gene complex mec gene complex

methicillin ccr gene complex SCCmec

gene complex (Hajo G, 2006)( 18) mec ccr

SCCmec

SCCmec SCC mectypes I to VI subtypes (NHRI 

communications, 2008) (24) mecA (Hajo G, 2006; Jansen 

WTM, 2006)( 18-19)  

�-lactams mecA encode 

PBP2a PBP2a (�-lactam 

) (affinity)

transpeptidase (Hartman BJ, 

1984)( 20)  
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2

1

    

(penicillins) (cephalosporins) (vancomycin)

( polyenes) ((polymyxins)

Sulfonamide (Quinolones)

(Rifampin)

(aminoglycosides) tetracycline

(chloromycetin)  

2

    MRSA �-lactam

MRSA �-lactam

MRSA �-lactam

Erythromycin Tetracycline Clindamycin Gentamicin

Ciprofloxacin Trimethoprim-sulfamethoxazole

MRSA

(vancomycin) VISA VRSA  
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MRSA MRSA

 

    (Taiwan Surveillance of 

Antimicrobial Resistance; TSAR) (Pulsed-Field Gel 

Electrophoresis; PFGE) MRSA

Clones A B C D clones

MRSA Pulsotype A

SCCmec III ciprofloxacin erythromycin gentamicin SXT

100% Pulsotype B C MRSA

Pulsotype C PVL ciprofloxacin SXT

gentamicin MRSA

MRSA MRSA

(NHRI communications, 2008) (24)  
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3 polyamines

    polyamines DNA

polyamine transporter

polyamines blood-brain barrier
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1

    methicillin

( 24 48 72 )

Salgado methicillin

(community-onset methicillin-resistant Staphylococcus aureus; CO-MRSA)

15 48

(Salgado CD, 2003)(3) Klevens

2007 JAMA MRSA (Klevens 

RM,2007)(2)

methicillin Community-associated 

methicillin-resistant Staphylococcus aureus(MRSA) Infection

methicillin

Health care-associated methicillin-resistant 

Staphylococcus aureus(MRSA) Infection MRSA

48 MRSA MRSA

(community-onset methicillin-resistant Staphylococcus aureus; CO-MRSA)

48 MRSA MRSA

(hospital-onset methicillin resistant Staphylococcus aureus; H-MRSA)

 

2 HA-MRSA CO-MRSA

    1998 TSAR Methicillin

(hospital-acquired methicillin resistant  
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Staphylococcus aureus; HA-MRSA) 1993 16.3%

1998 82.0% ( , 2000) (39)

HA-MRSA 2005 2006 2007

85.4% 84.2%

85.1% methicillin

(community-onset methicillin-resistant Staphylococcus aureus; CO-MRSA)

1980 (CDC, American MMWR, 1981) (9)

CO-MRSA HA-MRSA CO-MRSA

�-lactams aminoglycosides

clindamycin quinolones HA-MRSA

(Fergie JE ,2001;  Lin JC,2004;  Herold BC,1998) (10-12)

CO-MRSA 9.0%-40.0%

(Lin JC, 2004; Herold B, 1998; Hussain FM, 2001; Voss 

A, 1995; Rosario-Rosado RV, 2004) (11-15)  
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    (TSAR)

MRSA

58%

42% 70%

70% MRSA �-lactam

�-lactam

(NHRI communications, 2007) (1)  

    MRSA MRSA

(carrier)

MRSA MRSA

MRSA

(contact precaution)  

    MRSA

MRSA MRSA

MRSA PVL(Panton-Valentine 

leukocidin) PVL PVL

MRSA

(necrotizing pneumonia) (Vandenesch F, 2003)(34)

MRSA PVL

MRSA (Katayama Y, 2000; Hajo G,  
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2006)( 17-18)   

    ( , 2005)(16) CO-MRSA

CO-MSSA ;

CO-MRSA

MRSA MRSA
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1 methicillin (CO-MRSA)

Pulsotype B C Pulsotype C PVL

ciprofloxacin SXT gentamicin MRSA

Pulsotype A Methicillin

(HA-MRSA) SCCmec III ciprofloxacin

erythromycin gentamicin SXT 100%

MRSA MRSA

 

2 MRSA

75-80% MRSA

 

3

polyamines
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    polyamines

penicillins

polyamines

 

1 CO-MRSA CO-MSSA

CO-MRSA CO-MSSA  

2 polyamines penicillin

oxacillin ampicillin  

3 polyamines penicillin-binding 

proteins(PBPs)  
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 polyamines

    polyamines DNA

polyamines E. coli Salmonella enteric 

serovar Typhimurium LT2 P. aeruginosa S. aureus

�-lactam 

�-lactam 

penicillin-binding proteins(PBPs)

�-lactams mecA 

PBP2a PBP2a �-lactam 

transpeptidase polyamines PBP 

acylation( ) PBPs Lu CD, 

2007 (40)  
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    MRSA(methicillin- resistant 

Staphylococcus aureus)

Science MRSA

staphyloxanthin

X-

dehydrosqualene synthase CrtM squalene 

synthase SQS SQS

SQS (BPH-652)

selective pressure

Wang HJ, 2008 (21)

MRSA

MRSA Chao S, 2008 (22) 2010

MRSA 5 Qingre granules 

(QRKL) MRSA cefuroxime and 

vancomycin MIC90 Yu YY, 2010  

(23)  
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 Panton-Valentine Leukocidin(PVL)

MRSA

PVL �- S LukS-PV

F(LukF-PV

PVL MRSA

(necrotizing pneumonia)

(Vandenesch F, 2003)(34) TSAR (2000 2002

)MRSA MRSA ST239:SCCmec 

type III ST59:SCCmec type V ST59:SCCmec type V

MRSA PVL (Wang JL, 

2007; Chen FJ, 2005)(33,35) C-MRSA PVL

(Wang CC, 2004; Chen CJ, 2005)(36-37)

Labandeira-Rey PVL

 PVL staphylococcus

PVL

staphylococcal protein A (Spa) Bowden MG, 

2007 (38)  
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 MRSA vancomycin

MRSA �-lactam �-lactam

MRSA

vancomycin 1997

Mu50 (MIC 8 mg/L)

(Hiramatsu K, 1997)(28) vancomycin

(VRSA) 2002 6

(MMWR, 2002)(29) 2006 CLSI

S. aureus vancomycin MIC breakpoint

4�g/ml 2 �g/ml(CLSI, 2006)(26)

vancomycin reduced susceptible

hetero-resistance S. aureus(Appelbaum PC, 2007; Cui L, 2006)(25,27)

hetero-VRSA

selective medium

hetero-VRSA

enterococci (vanA) 

VISA

peptidoglycan (autolysis) (Cui L, 

2000)(30). VISA/VRSA vancomycin

VISA/VRSA vancomycin (Avison MB, 

2002)(31)  

    S. aureus vancomycin MIC

1.5�g/ml clinical failure 1.5�g/ml

CLSI vancomycin MIC breakpoint 
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1�g/ml CLSI S. aureus vancomycin MIC

vancomycin MIC (Lodise 

TP, 2008)(32)  
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     CO-MRSA

�-lactams

PVL(Panton-Valentine leukocidin)

CO-MRSA

S. aureus

polyamines

�-lactam

penicillin-binding proteins(PBPs) polyamines
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No 

Yes 
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    2007 1 1 2008 6

30

(community onset)  

    Kirby-Bauer method

methicillin-resistant Staphylococcus aureus

MRSA methicillin-sensitivity Staphylococcus aureus

MSSA �-lactam Spermine

Spermine pH �-lactam

SCCmec (PVL)

Bocillin 

PBPs  
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CO-MRSA 
 

2007/1~2008/6 

�-lactam
Spermine  

SCCmec typing 

PVL detect 

Bocillin Labeling of PBPs 
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1.

(hospital-based) 2007 1 1 2008 6 30

48

(Staphylococcus  aureus) (community 

onset)

 

2.

    2007 1 1 2008 6 30

Staphylococcus aureus 126

 

3.

    S. aureus

Penicillin Erythromycin Clindamycin Teicoplanin 

Trimethoprim-sulfammethoxazole Vancomycin Gemtamicin

CLSI(Clinical and Laboratory Standards Institute) 

2006 ( ) Mueller Hinton 

Ager(MHA) NaCl(4% W/V 0.68 mol/L)  
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1.

    

Staphylococcus aureus

  

2. (HIS)

    Hospital 

Information System, HIS 48

methicillin (CO-MRSA) methicillin

(CO-MSSA) �-lactam

 

3.

    (coagulase test) tube method free coagulase

Staphylococcus aureus 0.5mL coagulase

3~5 35 2

coagulase

 

4. (antimicrobial susceptibility testing) 
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    Kirby-Bauer  (disc agar 

diffusion) 1-3 TSB 

37 MacFarland 0.5 Mueller Hinton 

Ager(MHA) 8 penicillin(10�g) oxacillin(1�g)

erythromycin(15�g) clindamycin(2�g) Trimethoprim- sulfammethoxazole 

(23.75/1.25�g) teicoplanin(30�g) vancomycin(30�g) gentamycin(10�g)

33

CLSI(Clinical and Laboratory Standards 

Institute) 2006

5. Mueller-Hinton agar plate ( )

    �-lactam

penicillin oxacillin ampicillin �-lactam

penicillin oxacillin ampicillin Sigma 

penicillin oxacillin ampicillin

Mueller-Hinton agar plate (Mueller-Hinton agar BBL )

256 �g/ml 0.06 �g/ml  

6. Mueller-Hinton agar plate  Spermine 

( ) 

    Spermine �-lactam

penicillin oxacillin ampicillin �-lactam

penicillin oxacillin ampicillin

Sigma Spermine Sigma penicillin

oxacillin ampicillin Spermine 1  
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mM Mueller-Hinton agar plate Spermine

1 mM 256 �g/ml 0.06 �g/ml

Seprmine Mueller-Hinton agar plate pH pH MIC 

Mueller-Hinton agar plate pH6.5 pH7.4

7. (MIC)

    Staphylococcus aureus sheep blood 

agar plate 3  5 

TSB BBL 3 ~ 5 Trypticase Soy Broth

TSB McFarland 0.5 

penicillin oxacillin ampicillin

Mueller-Hintor agar plate Spermine Mueller-Hintor 

agar plate 35 16 18  

minimum inhibitory concentration MIC  

8. DNA

   Staphylococcus aureus sheep blood 

agar plate 3-5 100 ~ 300�l 

eppendorf 90 ~ 95 10

4500 ~ 5000 rpm 5 80 ~ 180�l

eppendorf -80

9. SCCmec typing 
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    SCCmec element primer(CIF2 F2

CIF2 R2 KDP F1 KDP R1 MECI P2 MECI P3 DCS F2 DCS R1

RIF4 F3 RIF4 R9 RIF5 F10 RIF5 R13 IS431 P4 pUB 110 R1 IS431 

P4 pT181 R1 MECA P4 MECA P7)( )

0.5�l total DNA 2u DNA

(Taq DNA polymerase) 0.5�l 200mM primer 2�l 400mM primer

10�l 800mM primer 8�l 2mM dNTP 4�l 10x PCR 5�l

50�l

94 4 94 30 53 30 72 1

30 72 4 PCR 2  agarose

 

10. PVL detect 

    2�l total DNA 2u DNA (Taq DNA polymerase) 

0.5�l 16S-F1(5’-GCAAGCGTTATCCGGAATTATTG-3’) primer 5�l

16S-R1(5’-GGCGGAGTGCTTAATGCGTTAG-3’) primer 5�l 2mM 

dNTP 4�l 10x PCR 5�l

50�l 94 2

94 15 55 15 72 15 25 PCR 2  agarose

PVLgene luk-PV 433 341bp

PVL luk-PV 341bp  

11. Bocillin Labeling of PBPs
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A. 15 mL LB broth( ) 37

OD600 1-2 5000 rpm 10 min 4

( )   

B. 0.25mL suspension buffer (50mM Tris-HCl pH7.5, 

50mMNaCl, 10mM MgCl2)  

C. 10�L  DNaseI(stock conc. 10U/ul) 10�L RNase 

A (10mg/mL) 25-50�L lysostaphin(stock conc. 6.25mg/mL) 

37°C 30min-1h  

D. Bocillin FL  ( 3 35�L lysate 5�L

40uM Bocillin FL)  37 30min  

E. loading dye 5 min  

F. E 10-15�L 10% SDS-PAGE  

G.  

H. for fluorescence with excitation at 488 nm and emission at 530 

nm  

12.

    SPSS 17.0 SCCmec element PVL

p 0.05

SCCmec element 3

(oxacillin penicillin ampicillin)

spermine(pH 6.5) spermine(pH 7.4) 

ANOVA p 0.05

PVL 3 (oxacillin

penicillin ampicillin) spermine(pH 6.5)  
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spermine(pH 7.4) 

t p 0.05  
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1.

    2007 1 1 2008 6 30

3167 S. aureus 274

8.7% S. aureus

48 158 57.7%

48 116 42.3%

CO-MRSA

48 158 32

126 methicillin

(community-onset methicillin-resistant S. aureus; CO-MRSA) 52

41.3% methicillin  (CO-MSSA)

74 58.7% ( ) 

2.

    48 126

A 126

109 ( 87%) CO-MSSA 63 (58%) CO-MRSA 46

(42%) 14 ( 11%) CO-MSSA 10 (71%) CO-MRSA

4 (29%) 2 ( 2%) CO-MSSA 1 (50%) CO-MRSA

1 (50%) 1 ( 1%) CO-MRSA ( ) 
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B 126 63.6

4 98 41 80 ( 65%)

60 CO-MSSA CO-MRSA 60

( ) 

C 126 1.47

75 60% 51 40% ( ) 

3.

( ) 126

penicillin 96.8%

41.3% MSSA

penicillin(94.6%) MRSA MSSA

teicoplanin(100%) vancomycin(100%)( )  

CO-MRSA 52  penicillin

(0%) 30%

Erythromycin (17.3%) Clindamycin (19.2%) Gemtamicin 

(21.2%) Trimethoprim-sulfammethoxazole 67.3%

Teicoplanin (100%) Vancomycin (100%) ( )  

CO-MSSA 74 penicillin 5.4%

Erythromycin (83.8%) Clindamycin (83.8%)

Gemtamicin (94.6%) Trimethoprim-sulfammethoxazole (97.3%)

Teicoplanin (100%) Vancomycin (100%) 80%

( )  

CO-MRSA CO-MSSA vancomycin

Teicoplanin  
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4. Spermine pH oxacillin ( )

    126 Mueller-Hinton agar plate oxacillin

74 MSSA 72 oxacillin (97.3%) 1 oxacillin

(1.4%) spermine 1mM( pH 6.5) MSSA

73 (98.6%) oxacillin 1 oxacillin

(1.4%) spermine 1mM ( pH 7.4) MSSA 74

(100%) oxacillin oxacillin (0%)

Mueller-Hinton agar plate oxacillin 52 MRSA

1 oxacillin (1.9%) 49 oxacillin (94.2%)

spermine 1mM ( pH 6.5) MRSA 21 (40.4%)

oxacillin 22 oxacillin (42.3%)

spermine 1mM ( pH 7.4) MRSA 41 (78.8%) oxacillin

9 oxacillin (17.3%)( )  

  oxacillin spermine

(MIC) log2

MSSA spermine 1mM pH 6.5

oxacillin MIC 2 41 (55.4%) MIC

2 ~ 4 31 (41.9%) MIC 5 2

(2.7%) spermine 1mM pH 7.4 oxacillin

MIC 2 4 (5.4%) MIC 2 ~ 4

67 (90.5%) MIC 5 3 (4.1%) MRSA

spermine 1mM pH 6.5 oxacillin MIC

2 16 (30.7%) MIC 2 ~ 4 11

(21.2%) MIC 5 25 (48%) spermine 1mM 

pH 7.4 oxacillin MIC 2 7  
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(13.4%) MIC 2 ~ 4 3 (5.8%) MIC

5 42 (80.7%)( )  

5. Spermine pH penicillin ( )

   126 Mueller-Hinton agar plate penicillin

74 MSSA 4 penicillin (5.4%) 70 penicillin

(94.6%) spermine 1mM( pH 6.5) MSSA

19 (25.7%) penicillin 55 penicillin

(74.3%) spermine 1mM ( pH 7.4) MSSA 70

(94.6%) penicillin 4 penicillin (5.4%)

Mueller-Hinton agar plate penicillin 52 MRSA

penicillin (0%) 52 (100%) penicillin

spermine 1mM ( pH 6.5) MRSA 7 (13.5%)

penicillin 45 penicillin (86.5%)

spermine 1mM ( pH 7.4) MRSA 34 (65.4%) penicillin

18 penicillin (34.6%)( )  

  penicillin spermine

(MIC) log2

MSSA spermine 1mM pH 6.5

penicillin MIC 2 5 (7.2%) MIC

2 ~ 4 19 (25.7%) MIC 5 50

(67.1%) spermine 1mM pH 7.4 penicillin

MIC 2 4 (5.4%) MIC 2 ~ 4

9 (12.2%) MIC 5 61 (82.4%) MRSA

spermine 1mM pH 6.5 penicillin MIC  
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2 7 (13.4%) MIC 2 ~ 4 16

(30.8%) MIC 5 29 (55.8%) spermine 1mM 

pH 7.4 penicillin MIC 2 ~ 4

7 (13.5%) MIC 5 45 (86.5%)( )  

6. Spermine pH ampicillin ( )

    126 Mueller-Hinton agar plate ampicillin

74 MSSA 1 ampicillin (1.4%) 73

ampicillin (98.6%) spermine 1mM( pH 6.5)

MSSA 19 (25.7%) ampicillin 55 ampicillin

(74.3%) spermine 1mM ( pH 7.4) MSSA

51 (68.9%) ampicillin 23 (31.1%) ampicillin

Mueller-Hinton agar plate ampicillin 52

MRSA ampicillin 100% spermine 1mM (

pH 6.5) MRSA 1 (1.9%) ampicillin

51 ampicillin (98.1%) spermine 1mM ( pH

7.4) MRSA 26 (50%) ampicillin 26

ampicillin (50%)( )  

  ampicillin spermine

(MIC) log2

MSSA spermine 1mM pH 6.5

ampicillin MIC 2 6 (8.5%) MIC

2 ~ 4 52 (68.6%) MIC 5 16

(22.8%) spermine 1mM pH 7.4 ampicillin

MIC 2 2 (2.8%) MIC 2 ~ 4  
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22 (29.7%) MIC 5 50 (67.6%) MRSA

spermine 1mM pH 6.5 ampicillin MIC

2 15 (26.8%) MIC 2 ~ 4 25

(44.6%) MIC 5 16 (28.9%) spermine 1mM 

pH 7.4 ampicillin MIC 2 8

(15.4%) MIC 2 ~ 4 7 (13.5%) MIC

5 37 (71.2%)( )  

7. SCCmec typing 

SCCmec element 52 CO-MRSA

SCCmec

SCCmec

PCR mecA gene internal control 162bp

SCCmec I 162 342 495bp SCCmec II 162 209

284 342 381bp SCCmec III 162 209 243 303 414bp

SCCmec IV 162 342bp SCCmec IA 162

342 381 495bp SCCmec IIIA 162 209 243 414bp

SCCmec IIIB 162 209bp VT 162 243

414 ( )  

52 CO-MRSA 36.5% SCCmec IIIA SCCmec II

IV 19.2% 9.6% SCCmec III V 5.7%

37 (71.2%)

15 (28.8%)( )  

8. PVL
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    PVLgene luk-PV 433 341bp

PVL luk-PV 341bp  

74 MSSA 7 PVL MSSA 9.5 MRSA

52 SCCmec II 1 PVL MRSA 1.9 SCCmec 

IIIA 4 PVL MRSA 7.7 ( )  

9. Bocillin Labeling of PBPs

    penicillin-binding proteins(PBPs)

spermine MRSA 9

Mueller-Hinton agar plate spermine 1mM ( pH 7.4)

Bocillin penicillin-binding proteins(PBPs)

PBP2a 3 PBP4  

    9 PVL gene 5 SCCmec 

IIIA 3 SCCmec III 1 SCCmec IV  
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1.

    

Klevens MRSA

48

 

    

48  

2.

teicoplanin vancomycin

MSSA penicillin 5%

80%

MRSA MRSA

teicoplanin vancomycin
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Fusidic acid Tigercyclin Linezolid

MRSA

 

3. SCCmec element

SCCmec element 52 MRSA

71% 29%

48 48

 

SCCmec element

5 (p = 

0.133) SCCmec element

(p = 0.252) SCCmec element

3 (oxacillin penicillin ampicillin)

spermine(pH 6.5) 

spermine(pH 7.4) ANOVA

SCCmec element (p = 0.065)

oxacillin (p 0.01) penicillin (p 

0.01) ampicillin (p 0.01) oxacillin

spermine(pH 6.5) (p 0.01) penicillin

spermine(pH 6.5) (p 0.01) ampicillin

spermine(pH 6.5) (p 0.01) oxacillin

spermine(pH 7.4) (p 0.01) penicillin

spermine(pH 7.4) (p 0.01) ampicillin

spermine(pH 7.4) (p 0.01)  
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SCCmec element

 

4. PVL

PVL MSSA SCCmec IIIA

SCCmec II PVL

9.5%

PVL MRSA MSSA

1995 5% PVL  

PVL

5 (p = 0.003)

PVL

(p = 0.546) PVL 3

(oxacillin penicillin ampicillin)

spermine(pH 6.5) 

spermine(pH 7.4) t

PVL (p = 0.964) oxacillin

(p = 0.087) penicillin (p = 0.130) ampicillin

(p = 0.509) oxacillin spermine(pH 6.5) 

(p = 0.199) penicillin spermine(pH 6.5) 

(p = 0.196) ampicillin spermine(pH 6.5) 

(p = 0.215) oxacillin spermine(pH 7.4) (p = 

0.408) penicillin spermine(pH 7.4) (p = 

0.599) ampicillin spermine(pH 7.4) (p = 

0.890)  
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1. MSSA

MRSA

MRSA  

2. MRSA (SCCmec I ~ III) 71%

(SCCmec IV ~ V) 29%  

3. 9.5% PVL PVL

 

4. SCCmec element

 

5. PVL

 

6. PBP2a(penicillin-binding proteins2a)

spermine  

7.
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    �-lactam

�-lactam

(community onset)

 

    

vancomycin resistant enterococci 

VRE S. pneumoniae Penicillin

fluoroquinolone Gr. B Streptococci

polyamines  
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    vancomycin

vancomycin spermine vancomycin

 

 spermine
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Methicillin-Resistant Staphylococcus aureus(MRSA)

  
Health care-associated  
Community-onset (1)

(2) MRSA
(3)

 
Hospital-onset >48 MRSA

Community-onset
 

Community-associated Community-onset
 

JAMA, 2007;298(15):1763-1771 
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(antimicrobial susceptibility testing)

Chemotherapeutic 
drugs 

Disk 
Content 

Zone Diameter(mm) 

Resistant Intermediate Susceptible 

Penicillin 10�g 28 - 29 

Oxacillin 1�g 10 11-12 13 

Erythromycin 15�g 13 14-22 23 

Clindamycin 2�g 14 15-20 21 

Trimethoprim- 
sulfammethoxazole 

23.75/ 

1.25�g 
10 11-15 16 

Teicoplanin 30�g 10 11-13 14 

Vancomycin 30�g - - 15 

Gemtamicin 10�g 12 13-14 15 

CLSI(Clinical and Laboratory Standards Institute) 2006
(Resistant)

(Intermediate) (Susceptible)
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(2007 ~ 2008/06/30) 

 
MSSA MRSA 

Total 
n(%) n(%) 

2007 Jan ~ Jun 27(61.4%) 17(38.6%) 44(34.9%) 

2007 Jul ~ Dec 19(51.4%) 18(48.6%) 37(29.4%) 

2008 Jan ~ Jun 28(62.2%) 17(37.8%) 45(35.7%) 

Total 74(58.7%) 52(41.3%) 126(100%) 
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Disease 
classification 

         
 

MSSA MRSA Total 

n (%) n (%) n (%)

 

 0 0% 4 100% 4 3% 
 9 39% 14 61% 23 18%

 2 40% 3 60% 5 4% 
 7 78% 2 22% 9 7% 

 5 83% 1 17% 6 5% 
 25 60% 17 40% 42 33%
 5 63% 3 38% 8 6% 

 4 100% 0 0% 4 3% 
 5 83% 1 17% 6 5% 

 1 50% 1 50% 2 2% 
 63 58% 46 42% 109 87%

 

 2 67% 1 33% 3 2% 
 1 50% 1 50% 2 2% 

 1 100% 0 0% 1 1% 
 4 80% 1 20% 5 4% 

 1 50% 1 50% 2 2% 
 1 100% 0 0% 1 1% 

 10 71% 4 29% 14 11%

 
 1 100% 0 0% 1 1% 

 0 0% 1 100% 1 1% 

 1 50% 1 50% 

109 ( 87%)
33% 18%  

2 2% 

  0 0% 1 100% 1 1% 

Total 74 59% 52 41% 126 100%
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MSSA MRSA Total 

n (%) n (%) n (%) 
<20 1 50% 1 50% 2 2% 

20-40 14 82% 3 18% 17 13% 
41-60 24 71% 10 29% 34 27% 
61-80 23 48% 25 52% 48 38% 
>80 12 48% 13 52% 25 20% 

Total 74 59% 52 41% 126 100% 
41 80 ( 65%) 60 CO-MSSA

CO-MRSA 60  
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MSSA MRSA Total 

n (%) n (%) n (%) 

Male 48 64% 27 36% 75 60% 

Female 26 51% 25 49% 51 40% 

Total 74 59% 52 41% 126 100%

1.47



 

 
 

53

CO-MSSA CO-MRSA
(n=74) (n=52)

Penicillin 4(5.4%) 0(0%)
Erythromycin 62(83.8%) 9(17.3%)
Clindamycin 62(83.8%) 10(19.2%)
Trimethoprim-
sulfammethoxazole 72(97.3%) 35(67.3%)

Teicoplanin 74(100%) 52(100%)
Vancomycin 74(100%) 52(100%)
Gemtamicin 70(94.6%) 11(21.2%)

Community-onset(n=126)
No. of strains(%)

 

  CO-MRSA
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Community-onset
MRSA(n=52)

I 1(1.9%)
IA 2(3.8%)
II 10(19.2%)
III 5(9.6%)

IIIA 19(36.5%)
IV 10(19.2%)

only mecA(V) 5(9.6%)

SCC No. of strains(%)

 

 SCCmec typing
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 PVL  

      
 

PVL(+) PVL(-) 
Total 

No. of strains(%) No. of strains(%) 
MSSA 7(9.5%) 67(90.5%) 74 

M
R

SA
 

I 0(0%) 1(1.9%) 

52 

IA 0(0%) 2(3.8%) 
II 1(1.9%) 9(17.3%) 
III 0(0%) 5(9.6%) 

IIIA 4(7.7%) 15(28.8%) 
IV 0(0%) 10(19.2%) 
V 0(0%) 5(9.6%) 

Total 12 114 126 
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 Bocillin SCCmec typing

9  

 SCCmec type PVL gene   PBP1 PBP2a PBP4 

1 IIIA - - + - 
2 III - - + - 
3 III - - + - 
4 IIIA - - + - 
5 IIIA - - + - 
6 IIIA - - + - 
7 IIIA - - + + 
8 III - - + + 
9 IV - - + + 

PVL gene 5 SCCmec IIIA
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MIC Mueller-Hinton agar plate 
�-lactam  Mueller-Hinton agar

256 �g/ml 0.06 �g/ml   

 



 

 
 

64

MIC Mueller-Hinton agar plate  Spermine 

�-lactam  Mueller-Hinton agar(Spermine
1 mM) pH 6.5 7.4   
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 (disc agar diffusion)
MacFarland 0.5 MHA 33

 

a 

  
b 

  

a) MRSA sensitive for Vancomycin Teicoplanin
Trimethoprim-sulfammethoxazole  

b) MSSA sensitive for Vancomycin Teicoplanin
Trimethoprim-sulfammethoxazole Erythromycin Clindamycin Oxacillin 
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 CO-MRSA spermine oxacillin
 

 a 

 
 

 b 

 
 
a) MRSA spermine pH 6.5 oxacillin MIC

5 25 (48%)  
b) MRSA spermine pH 7.4 oxacillin MIC

5 42 (80.7%)  



 

 
 

67

 CO-MRSA spermine penicillin
 

a 

 
 

b 

  
 
a) MRSA spermine pH 6.5 penicillin

MIC 5 29 (55.8%)  
b) MRSA spermine pH 7.4 penicillin

MIC 5 45 (86.5%)  
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 CO-MRSA spermine ampicillin
 

a 

 
 

b 

 
 
a) MRSA spermine pH 6.5 ampicillin

MIC 2 ~ 4 25 (44.6%)  
b) MRSA spermine pH 7.4 ampicillin

MIC 5 37 (71.2%)  
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SCCmec

 
mecA internal control 162bp SCCmec IA 162 342
381 495bp SCCmec II 162 209 284 342 381bp

SCCmec IIIA 162 209 243 303 414bp
SCCmec IV 162 342bp VT 162

243 414 ( ) Staphylococcus aureus 
ATCC 25923 internal negative control Dist. water  
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 Bocillin Labeling of PBPs
 

 
 

9 spermine ( pH 7.4) Bocillin
penicillin-binding proteins(PBPs) No.1 ~ 9

PBP2a No7 ~9 PBP4  


