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Fig. 1. Scanning electron micrograph showing the
PVL positive community-acquired MRSA isolated
from Japan.
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Agarose gel electrophoresis

1, Molecular standard size marker
(@ X174 RF DNA/Haelll fragments)

2, PCR products from PVL* MRSA

bp
1,353

PCR

1,078

872 PVL-1

603

433 bp
310

271, 281
234
196

PCR primers:
5-ATCATTAGGTAAAATGTCTGGACATGATCCA
NPVL-2 5-GCATCAASTGTATTGGATAGCAAAAGC

PCR product size: 433 bp

PCR reaction:
Denaturation] 94°C, 30 s
Annealing
Extension

[0 30 cycles[1]

55°C,30s
72°C, 1 min

0 1.5% agarose geld O

Fig. 2. Detection of the PVL genes( lukS-PV-lukF-PV [0 by PCR.

PCR primers are from ref. 20.
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Fig. 3. Global distribution of PVL positive community-acquired MRSA. Major types of
MLST are shown in the figure. The symbolO “ O indicates infection with fatal casesO 4
cases in USA, 2 cases in France, and 1 case in Australiall For drug resistance, only re-
sistance to non-f-lactam antimicrobial agents is described. Data are from refs. 8, 9, 12,
31, 42, 43, 54, 55 for Europe, refs. 9, 17, 26, 31, 350 39 for USA, refs. 9, 34, 44 for Oce-
ania, and refs. 10, 11 for Asia.
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Table 1.0 Summary of typing and virulence-related genetic information on the representative PVL positive community-
acquired MRSA strains isolated worldwide

CA-MRSA strains

USA Oceania Asia
Types or genes Europe Australia, )
Minnesota, etc. ~ Common type Nevv\\//ezsetilrannd, QAS:;?;;: n/ d Taiwan
Samoa
Types

MLST type

ST 80 1 8 30 93 59
arcC 1 3 2 6 19
aroE 1 3 2 64 23
glpF 1 1 1 2 44 15
gmk 14 1 1 2 2 2
pta 11 1 4 6 43 19
tpi 51 1 4 3 55 20
yqiL 10 1 3 2 51 15

agr allele 3 3 1 3 3 ND

spa type ND UJJIFE YHGF MBQBLO 19 ND ND

Coagulase type ND Vil 1 v ND ND

SCCmec type \% IVa v IVa v 1V 18%0

Genes

Leukocidins
lukS-PV-lukF-PVO PVLO 0 0 0 0 0 0
IUKE-lukD O O O O O ND
lukMm O O O O O ND

Hemolysins
hla ND ND ND ND ND ND
hib O O O O O ND
hig O O O O O ND
hig-v O O g O 0 ND
hid ND ND ND ND ND ND

Staphylococcal enterotoxins
tst O O O O O ND
sea O O g O 0 ND
seb O O 0 0 0 ND
sec O m| | O | ND
sed O O O O O ND
see O O g O 0 ND
seg ! O O O O O ND
seh 0 0 0 0 0 ND
sei © O O O O O ND
sej O 0 O O O ND
sek 0 0 0 0 0 ND
sem Y O O 0 O O ND
sen” O 0 0 O 0 ND
seo O 0 0 0 0 ND

Exfoliative toxins
eta O 0 0 0 O ND
eth O O O O O ND

U, egc gene cluster. Data are from refs. 9, 10, 27, 52
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PCR primer

Cabamate kinase:
arcC-Up 5-TTGATTCACCAGCGCGTATTGTC
arcC-Dn 5-AGGTATCTGCTTCAATCAGCG

Shikimate dehydrogenase:
aroE-Up 5-ATCGGAAATCCTATTTCACATTC
aroE-Dn 5-GGTGTTGTATTAATAACGATATC

Glycerol kinase:
glpF-Up 5-CTAGGAACTGCAATCTTAATCC
glpF-Dn 5-TGGTAAAATCGCATGTCCAATTC

Guanylase kinase:
gmk-Up 5-ATCGTTTTATCGGGACCATC
gmk-Dn 5-TCATTAACTACAACGTAATCGTA

Phosphate acetyltransferase:
pta-Up 5-GTTAAAATCGTATTACCTGAAGG
pta-Dn 5-GACCCTTTTGTTGAAAAGCTTAA

Triosephosphate isomerase:
tpi-Up 5-TCGTTCATTCTGAACGTCGTGAA
tpi-Dn 5-TTTGCACCTTCTAACAATTGTAC

Acetyl coenzyme A acetyltransferase:
yqiL-Up 5-CAGCATACAGGACACCTATTGGC
yqiL-Up 5-CGTTGAGGAATCGATACTGGAAC

PCR reaction

Extension: 7200 , 1 min; 30 cycles

Denaturation: 9500 , 1 min; Annealing: 550, 1 min;

Fig. 5. PCR primers and the reaction used for MLST typing. The housekeeping genes used
for MLST typing are shown in Fig. 4. PCR primers are from ref. 28.
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97.0

48.5

Fig. 6. Pulsed-field gel electrophoresis of commu-
nity-acquired MRSA strains. Restriction enzyme
used, Smal. Lanes 1 and 2, clonal CA-MRSA
strains; lane 3, CS-MRSA unrelated to the clonal
strains.
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0 A agr locus 0 BOPCR
PCR primer
Y RNA Il agr | forward 5-CACTTATCATCAAAGAGCC
RNATIT agr I reverse  5-CCACTAATTATAGCTGG
< = |_G< | D G agr Il forward 5-GTAGAGCCGTATTGATTC
agrA agrC agrD agrB hid sarA
agr Il reverse 5-GTATTTCATCTCTTTAAGG

Variable region

Gene under the agr regulon:
class [Je.g.Chla + [T
class ILJ e.g.0spal | [
class IIL] e.g.Cbpdl 1 1+ 1]

Fig. 7.

0 AORegions in the protein A genél spall]

agr 1l forward 5-CAAGCTATTACATTACTACCA
agr 1l reverse 5-AATGCTTCCACTTACTATC

agr IV forward 5-GCTCAATTCATGCAATTA
agr IV reverse 5-ATGGTACTGTAAACATTA

PCR reaction

Denaturation: 9501, 30 sec
Annealing: 5000, 2 min
Extension: 7201, 2 min

[J 30 cycles(]

Detection of the agr alleles by PCR. PCR primers are from refs. 5701 59.

00 BO PCR primer

PCR primer
Polymorphic X 0e.g.[O
Short [l 1CBpaF 5-GACGATCCTTCAGTGAGCAAAG
sequence SpaR 5-GCAGCAATTTTGTCAGCAGTA
_ G bindin Jfepeat. gég;ﬁ"ﬁlm 1 2forward 5-TCAAGCACCAAAAGAGGAAGA
____ Signal g g Lo Reverse 5-GTTTAACGACATGTACTCCGTTG
ONOO ocoo
PCR reaction for the primer set0 20 O
o ----—Cm X )
24bp repeats Denaturation: 94], 1 min
4 > Annealing: 5000, 1 min
Primer PCR Primer Extension: 720, 1 min
01095 FO O O GenBank J0178600 O (01517 FO O [ 30 cycles[]

Fig. 8. The DNA region and PCR primers used for the spa typing. Data are from refs. 29, 60.
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(A) SCCmec locus

— 1 | >
| I
DR mecA ccr DR

: valiable reagion with various types of
DNA rearrengement (targets of typing)

(B) SCCmec typingd 10 IVO O

SCCmec type

Primer Z‘;g‘g‘;‘m | I 1l v
A 495 + od oo og
B 284 oo + oo og
C 209 oo + + oo
D 342 + + oo +
E 243 oo oo + oo
F 414 oo oo + oo

mecA 162 + + + +

00 CO SCCmec Il subtypingC llad O

PCR primer

2al 5-ATGTCAGAGCTTTCTAACTTAGTCA
2a2 5-TGAAAATGAAAGCCGTGCCG

PCR reaction

Denaturation: 9500 , 4 min
Annealing: 530 , 30 sec
Extension: 7200, 1 min
(30 cycles)

PCR primer

A:CIF2 F2
CIF2 R2

5-TTCGAGTTGCTGATGAAGAAGG
5-ATTTACCACAAGGACTACCAGC

B:KDP F1 5-AATCATCTGCCATTGGTGATGC
KDP R1 5-CGAATGAAGTGAAAGAAAGTGG
C: MECI P2 5-ATCAAGACTTGCATTCAGGC
MECI P3 5-GCGGTTTCAATTCACTTGTC
D:DCSF2 5-CATCCTATGATAGCTTGGTC
DCSR1 5-CTAAATCATAGCCATGACCG
E:RIF4F3 5-GTGATTGTTCGAGATATGTGG
RIFAR9 5-CGCTTTATCTGTATCTATCGC
F:RIF5 F10 5-TTCTTAAGTACACGCTGAATCG
RIF5 R13 5-GTCACAGTAATTCCATCAATGC
mecA: MECA P4 5-TCCAGATTACAACTTCACCAGG
MECA P7 5'-CCACTTCATATCTTGTAACG

PCR reaction

Denaturation: 9400, 4 min
Annealing: 530, 30 sec
Extension: 7200, 1 min

0 30 cycles]

0 DO SCCmec IV subtypingU 1Va, IVb, IVeO O

PCR primer
4al 5-TTCGAGTTGCTGATGAAGAAGG
4a2 5-ATTTACCACAAGGACTACCAGC
4b15-AATCATCTGCCATTGGTGATGC
4b2 5-CGAATGAAGTGAAAGAAAGTGG
4cl 5-ATCAAGACTTGCATTCAGGC
4c2 5-GCGGTTTCAATTCACTTGTC

PCR reaction

Denaturation: 94001, 4 min
Annealing: 5300, 30 sec
Extension: 7200, 1 min

[ 30 cyclesO

Fig. 9. The DNA region and PCR primers used for the SCCmec typing. Data are from refs.

210 25.
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Bicomponent toxins

O AOPVL 0O BOvy -hemolysin
lukS-PV  lukF-PV higA higC higB
—_— O — ] > S
osoo OFOO osoo osoo OFOO
PVL y -hemolysin HIgC-HIgB
0 LukS-PV-LukF-PVD O U LukS-LukFO O
0 CO Leukocidin ED 0 DO SF complex on the membrane
S
F2F
O IukE lukD GM ?[Tecepter
\/ " |
Pore formation
LUKE-LukD Accumulation of intracellular free Ca?*

Signal transduction?
Cytokine production?

S: slow mobility in ion-exchange chromatography
F: fast mobility in ion-exchange chromatography

Fig. 10. The gene organization and molecular function of the S. aureus bicomponent tox-
ins, PVL, y-hemolysirid or leukocidin SFO and leukocidin ED. Data are from refs. 63, 64.
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Table 2.0 Drug susceptibility of the representative PVL positive community-
acquired MRSA strains isolated worldwide

Drug susceptibility 71

Antimicrobial
agents Asia, Taiwan Europe P2 USA and Oceania 3

Oxacillin R 32 64] 16-640
Penicillin R 8 16] 4-320J
Gentamicin R 1 1
Kanamycin ND 128 2120
Tetracycline ND 16 0.25] 0.25-320J
Minocycline ND 0.25 0.251 0.250
Ciprofloxacin S ND ND
Ofloxacin ND 0.12 0.25] 0.12-100
Vancomycin S 0.5 0.5 0.5-10
Teicoplanin ND 0.5 0.51 0.25-0.500
Erythromycin R 128 0.51 0.25-1280
Clindamycin R ND S
Sulfamethoxazole/
Trimethoprim ND ND S
Rifampicin ND 0.12 0.121 0.120
Fosfomycin ND 2 210.25-20
Fusidic acid S 4 0.1210.1200

U1 Resistance is shown in boldface
52 MICo] p g/mLO

93, MICe and rangel in parenthesisC p g/mLL USA common type strains are

resisant to erythromycin
Data are from refs. 9, 10
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PRESENTATION
Folliculitis/pustular lesions,
Furuncle/carbuncle, abscess,
“Insect/spider bite”, cellulitis

v

FIRST STEP
Incision & drainage (as
indicated)
® Obtain specimen for culture

and susceptibility testing

v

NEXT STEP
Classify severity

MILD MODERATE SEVERE CRITICALLY
Afebrile Febrile, ili but Toxic-appearance ILL
Previously healthy previously healthy OR
Immunocompromise
* OR
Limb-threatening
® | & D alone may infection
be adequate l
® 18D ® Hospitalize ® Hospitalize
® Oral antibiotic Rx ¢ Empiric ® Empiric
> TMP/SXT* :) vancomycin (if vancomycin
> Clindamycin+ |« N clindamycin PLUS nafcillin =
resistance high) gentamicin

= Doxycycline
(if >8 years)
® Close follow-up

TMP/SXT = trimethoprim/sulfamethoxazole

OR clindamycin
until culture
results known

S Ifextensive area of involvement, clinically

concerning systemic symptoms, or compliance
and follow-up care uncertain

+ Assume >90% prevalence of “D” test negative, erythromycin-resistant CA-MRSA strains

Fig. 11.
tions.
This figure is from ref 87.
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Initial outpatient management of suspected CA-MRSA skin and soft tissue infec-
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Emergence of Panton-Valentine leukocidin positive community-acquired
methycillin-resistant Staphylococcus aureus
—Status of infection and bacteriological features—

Tatsuo Yamamoto, Ikue Taneike, Saori Nakagawa and Nobuhiro Iwakura

Division of Bacteriology, Department of Infectious Disease Control and International Medicine,
Niigata University Graduate School of Medical and Dental Sciences,
757 Ichibanchou, Asahimachidori, Niigata, Japan

In the United States, children are reported to have died of community-acquired methycillin-resistant Staphy-
lococcus aureud] CA-MRSAOinfection between 1997 and 1999. During The same period, CA-MRSA was also iso-
lated and reported in Europe and Australia. The characteristics of the pathogen were clarified, and CA-MRSA
infection became the focus of global attention as a global infection. CA-MRSA differs from conventional MRSA

O hospital-acquired MRSA, HA-MRSA in origin. It produces a leukocidin, PVL, and in many cases, has a type IV
methycillin-resistance regiond type IV SCCmec [ Genetically, CA-MRSA consists of several different continent-
specific clones. Analysies such as multi-locus sequence typingl MLST0 spa typing, agr allele analysis, and toxin
gene pattern analysis are used. One clone has thus far been confirmed in Europe, several in the United States, 2
in Oceania, and 2 prevalent in Asia. Drug sensitivity depends on the type of prevalent clone, and some strains of
CA-MRSA are susceptible to many antimicrobial agents other than penicillin/cephems. In many cases, such CA-
MRSA is associated with skin/soft tissue infection, and is frequently detected in children. Fatal necrotizing
pneumonia and bacteremia appear to be increasing. CA-MRSA in Japan differs from European and North
American cases in that; the proportion of PVL-negative strains is relatively high and genetic features vary. PVL-
positive CA-MRSA, which is rarely isolated, is common to Oceania CA-MRSA in many respects, although not
identical, rather than to European and North American CA-MRSA. PVL-positive CA-MRSA infection is spreading
even among young, healthy individuals. A survey on the worldwide distribution, identification of populations
and areas at high risk for colonization and infection, and analysis of the detailed infectious mechanism are
curently under way.



