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 !"#$�� Staphylococcus aureus (MRSA)%�����&'(��)*�+,�-./
&0+%1���2���3'�456 ����789:;�(��<=�>8?@A@B�-
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%/����N��O'PQ<RST@I�JK�,C6 ;���U&O'VW�JK%��
(XOYZ�[M+')*+,�- +\+%MRSA����	�]B@,-.� Pulsed-field

gel electrophoresis (PFGE), multilocus sequence typing (MLST), spa typing, SCCmec

typing�PB@^/T/- J?:�_06 1�MLSTO2B�JK+6 3`�G<�MRSA

�%45�67T/8I� clone �abc$� <,C6 dN9e��H@f�H/abc$<:
;T@B�JK<<:9��H/- ./gh.��=Kih.��=OL>T@jklmna
�?$W�MRSA�o<@AAC��H@A/-
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PFGE (pulsed field gel electrophoresis)
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MLST (multi locus sequence typing)
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 7���u!	���6>�N
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 _d�QRNA? ��  
1N:
��B�$;C�,�- ���<�+�'>
,�-��S	�� N7���uDE9	�� F�S
8GC
 ����u����2
�,�-_dH�
�
$�I0�,�-���� S. aureus �2 arcC,

aroE, glpF, gmk, pta, tpi, yqiL��:1,�-�<�
u���
 !	z	�,�-�_I�7J��p�	
�/?:1:H� PCR�KL 
!��645�/
�0�� ! 
�645f*���t 
 m+*�+
<t9	�� �645�M� $o_:145� al-

lele �8N,�-
 ��i� ��e� ��$�645�
/�9	1���6$0	S!	�� allele20�

?o (mutation)��eY�$_�N
 d�45N!
��y��F �F� �¡y� I�I�_���
 ?
o��e�¢O2P �_�� allele��£�G��
�� 8� 1¤��,�-:H!	z	$(Q� al-

leleNp��9	
 bc���2!	z	� allele�
¥'&+t !�<�u����9	�� F�S
New York/Japan;¦+'� allelic profile �8N,
�-�§¦w¨4i� 2 1�4�1�4�12�1�10��0Y
�N�G�7) �� 1�� ¤��,�-�e©
 ª�N«
�$�¬�645 �­�¬�®� ����u
 x��
¯$�����
�¬ clonal complex ���;¦+
'�KR� $S 
���9	�8)k11)

MLST2 1�6�h��°±0�Y�$%:

PFGE²³�8TU���´�#�V�0�Y�N
�G��

� 1. MRSA�µ);¦+' �W¶ 6%� �M·?�

Clone MLST profile ST CC SCCmec spa type#

Archaic 3�3�1�1�4�4�16 250 8 I t008
Southern Germany 1�4�1�4�12�24�29 228 5 I t001
UK EMRSA-3 1�4�1�4�12�1�10 5 5 I t001, t002
Iberian 3�3�1�12�4�4�16 247 8 I t008, t051
Irish-1 3�3�1�1�4�4�3 8 8 II t008
New York/Japan 1�4�1�4�12�1�10 5 5 II t001, t002
UK EMRSA 16 2�2�2�2�3�3�2 36 36 II t018
Brazilian/Hungarian 2�3�1�1�4�4�3 239 8 III t037
Berlin 10�14�8�6�10�3�2 45 45 IV t004
Paediatric 1�4�1�4�12�1�10 5 5 IV t001, t002
UK EMRSA-2/-6 3�3�1�1�4�4�3 8 8 IV t008
UK EMRSA-15 7�6�1�5�8�8�6 22 22 IV t032

# H� _ spa type�¸ 1�

XYZ¹º[\Z]^XYZ¹º[\Z]^
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 S. aureus�MLST
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���/� !"�����,�
�� 010
 ��2���/��0
 �3�	���
4�3�,56 3,500 bp�78��9:�����

78��:�������;
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/���>�?� @!A�B"�11���CD#
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K
����/�L9������C�C@*+�
�
 ��M�;I�/� allelic profile�,NOP�
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 -QR
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PFGE�MC�.0,��� MLST�S�Q�,�
���
 30/0�/��T�1H/���U��V
�2�V�/A�W�9����35@I
���
��
@X PFGE�J�)K
��/A��W9
�4
R�1�3�,Y5�6��� PFGE��4�
�Z&[\"!&�W��7�1��E,
 �'��
8]^9�:;��78���<=>?>�@1
�
_@���W�
 �AB��� DNABC�`%a�
W�
��� b�<=> DNA� 2�D
EF0�G
bH�����I>c����
 )d&$ef&
(Tn), %&`!gh&�� (IS)@I���J�,Ki
<��E,�����9L<�� ��<=>M�Nj
k;lmn!opqr��O0��
 ����P0s
Njk;l���� ���� DNAL��8]^9�
�E,AB���BC�`%a9L<
 PFGE\"!
&�W��@�� ���C@b�<=>�7R@tL
�uv�wQR�x��
 ,NyS1�0?�s0,
�R�����MRSA/�ST�/� PFGE��s
U,����zV{@����0?0?|���� }
����C@pqr�-~���J�)K
����
��/� PFGE�->�Z��!gh&9WN��
�CX#�@�� @-
 pqr�tL�Y�%Z[/
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g
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�,��12)� �T�����$)�wsOP����
�jk����
 7l��%����%�Wm���
?�$)������� ��n��h&��E,�o
�Q��p�����
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spa typing
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 �
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�
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�
�13)�
���
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��
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���&9O5��"&\�u
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���:��#!$�@E,��� ���4� 24 bp

� v0����s31��
 �/¡��Z��!
gh&��� ¢w 2£� zx��C�E� v0���
��¤y��z�	��Ki< ¢�,Ki<£ 9x�
0U�s
 spa���V_��{�D|U}~
 ��
��#L{�:���
 =���E,����78�
�����^¥m)9^�,=������
R
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�
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��£ "^9��§@��
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Y��HC���
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�5§¨,©2��ª���������15), 16)� «�
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 ��

��¬���@�� �����0,
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,�,Nl�78���:�"^�«���­��®
w�@E,�������� ¯°���$)����
?
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�E��±
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SCCmec typing

SCCmec �<=>��'���4������k
²���
R����	��
��
 ³´g�&��
�µ�0,��mecA	��
 '��3y¶����
µ���Ki<	�� ccr (chromosomal cassette re-

combinase)	��
 ��M1� IS431U Tn554@
I
·���,��� �/«�@�j�¸�V
�E
¹0,���Mº<MRSA (community-acquired

MRSA, CA-MRSA)�x»�MSSA� SCCmec9P
��¼�0������
 ��C���<����C
�@�
 SCCmec typing��*����C�@E,
R��

MRSA�����MRSA�����
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SCCmec typing ��� Multiplex PCR � real

time PCR����	
��17)
21)� ���mec��
�������� ccr����������� 
!
"# I"# V����$%&'() mec��� ccr�
��*$+� J���,�$-./#$01���$
%2�3�4'(��

SCCmec 5$���� 26&�789:4;/�
����
<�� Hiramatsu#4=>?@A�' SCCmecB

�CDEF�GHIJ) ccrKLF�M5�NO?�
%&/��22), 24)� AP<�� de Lancastre#4=>
?@%&9:' mec ���KLQRST��' ccr

���M5$����UV���;�%&$;W��
�23)� �X�A�YZ[\'78/����3�"
#) ]��789:�^_`�abc4+.) Ito#
�mec����defghi') ccr�����j�
[\'78`���P9:�=>?�k.) /#$
J1��� J2
3���NO?@%&A=>/��(
���24), 30) l7 3m� V@ mecAKLF�A@;�
SCC4n;o�A 46&p�q/��k.) rs-
.Mo� SCCmec��4tu/��vw?�54/
#$p�q/���o�x
���
3�y"$ASz�KLF��� PCR{|���

@C}~����M5 (PCR-based restriction frag-

ment length polymorphism; PCR-RFLP)$-��
����� IS256*���Y0YM5� PCR'��
`�9:) ����Y�5�;�4+�� 3�#$-
�%F�Qtu�<�$��4+�4) ��R$�o
��#����
2'�;�� ?"?��'����

7 2. ��� spa repeats���IJ���) ��IJ"#����Y���  ��IJ�¡;W@IJ���¢
?@  2,500£¤� spaIJ4���Y¥hi$¦§/���� 

Repeat
code DNA Sequence

Consensus A A A G A A G A C A A C A A C A A G C C T G G C
H2 g � g � � � � � � � � � � � � � � a � � � � � �
S1 g � g � � � � � � � � � � � a � � a � � � � � �
D2 g � g � � � � � � � � t � � � � � a � � � � � t
U1 g � g � � � � � � � � � � � � � � a � � � � � t
K2 � � � � � � � � t g g � � � � � � � � � � a � t
Q1 � � � � � � � � t g g � � � � � � � � � � � � t
N1 � � � � � � � � t g g � � � � � � a � � � � � �
G2 � � � � � � � � � g g � � � a � � a � � � � � �
K1 � � � � � � � � � g g � � � � � � a � � � � � t
E1 � � � � � � � � � � � � � � � � � a � � � � � t
E2 � � � � � � � � � � g � � � � � � � � � � � � �
C2 � � � � � � � � � � � t � � � � � � � � � � � t
H1 � � � � � � � � � � � t � � � � � � � � � � � �

7 3. Chongtrakool # $ - W � = ¨ / � @
SCCmec elements����

SCCmec type name ccr
type

mec
classReported Proposed

I 1B.1.1 (I.1.1) 1 B
IA 1B.1.2 (I.1.2) 1 B
IIa 2A.1.1 (II.1.1) 2 A
II variant 2A.1.2 (II.1.2) 2 A
IIb 2A.2 (II.2) 2 A
IIA 2A.3.1 (II.3.1) 2 A
IIB 2A.3.2 (II.3.2) 2 A
IIC 2A.3.3 (II.3.3) 2 A
IID 2A.3.4 (II.3.4) 2 A
IIE 2A.3.5 (II.3.5) 3 A
III 3A.1.1 (III.1) 3 A
IIIA 3A.1.2 (III.1.2) 3 A
IIIB 3A.1.3 (III.1.3) 3 A

3A.1.4 (III.1.4) 3 A
IVa 2B.1 (IV.1) 2 B
IVb 2B.2.1 (IV.2.1) 2 B
IVc 2B.3.1 (IV.3.1) 2 B
IVc 2B.3.2 (IV.3.2) 2 B
IVE 2B.3.3 (IV.3.3) 2 B
IVF 2B.2.2 (IV.2.2) 2 B
IVd 2B.4 (IV.4) 2 B
IV 4B (VI.1) 4 B
IVAb 2B.N.2 (IV.N.2) (2) (B)
IVg 2B.5 (IV.5) 2 B
V 5C.1 (V.1) 5 C

SCCmec elements � ccr 5� mec ���;#©$
J1�J2
3���,�$-W�%&/���� lª
« 30-.<�¬­m 

�®¯°±²³¯´µ�®¯°±²³¯´µ
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45� ������� 2
6* 87����8
�
��� 0�09
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*+45� ?@��ABCDE PFGE � spa typ-
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.\]0^_
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�.�,TT+�27)� �
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Q
�;<�klm�7�
�nGo�p*ab�c��qr�
�� MRSAa
b�c��s���t 2���.uv��T:�

����
wx�b#y! zx�b#y! w�{	|��*

1994}�� 2000}.��8
^ 3,000<�MRSA

=mecA�_�! Tn554�~�y��c! PFGE�y
��c*��0^�24! ��.��0���
MRSA Y.�T�ab�c.�:�
�2���

�U^ `S 1, � 1d� ST�� SCCmec type*8�.
��
ab�c��t�T:�
� ���! 2
�
 CC5, 8, 22, 30, 45��T� clonal complex `a
b�c�omd .�0����
�T�Y��ab�c�om ,?�.��8
^

fg.	,9
Q
 Iberian! Brazilian! Hungarian!
New York/Japan! paediatricab�c���
��
� `� 1d� 0�0! 9
Q
�ab�c 9�fg.
�G��0����* �
! �=����
��U
���2����U���� 6^Y. mec�g=�
��0^VW.	��! 2
��Y��ab�c H
I�JK.	, A, B� 27�.��8
� `� 2d�
��! MLST.	�VW.	,! 1990}R��.

�����.��0^MRSAab�c E-MRSA

15� E-MRSA 16���
�! �T�Y��ab�
c�h��HI�JK=FT�^�ab�c*+�2
�����.�U^28), 29)� 6^���%�*@}��
8
�MRSA ! CC5e CC1.�0���F��
Ym*+��! ������fg* CC8.�X�
ab�c���U������8
���30)�
@}! �����MRSA (HA-MRSA)�����

��h��! ���k*��
� CA-MRSA�� 
��U���� 1981}��� CDC�����=¡¢
,.x�b#ye����£f��! ¡�¤�n¥�
k¦e;§¦! ¨©Oª�«¬­�k¦®.¯]X�
°¦�±§�²³���¦����8
���31)´37)�
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%��¹º]�C»¼ Vol. 17 No. 3 2007. 5

163



CA-MRSA�� HA-MRSA���������	�

��
�� ���������� CA-MRSA��
��� ���
��������
����		��
�� ! CA-MRSA�
"� #$�� HA-MRSA%
��&'()*�+
,��-.����/�0
MRSA1 	/����� 234��� Panton�Valen-

tine leukocidin (PVL)56�, IV78 V7�9�
SCCmec�:5��MRSA5;<=	���38), 39)!
,�,� CA-MRSA���� SCCmec I, II, III5�<
 ������ HA-MRSA>���� SCCmec IV5
�< ���� 0?� SCCmec@AB> CA-MRSA

5��CD ���,�39)E41)! CA-MRSA�
"�
����	=F���� 
�G�� PVL6�MRSA

�5�H;,��0�� I��>� exfoliative toxin

A, B J���K���� ETA, ETBL 6�MRSA��
M?�� ! /���N ��O�-.����/�
 MRSA�5�M?�� ���� ! P!G��
"#��$%�QR�S��� CA-MRSA�����
T&UV�'R>� !

MLST7>S 	� HA-MRSA�/WXW�(
YZ[��(,�� =	�
� ! N' CA-MRSA

�
���������� ST17	 ST87� \Z
Y]^����� ST807� ���_K�(< ST

307�9�)`< 41)E43)! a�b��&*>c+�
CA-MRSA� ST7 � a � , : � HA-MRSA8
MSSA� ST7	d���� =	�
����
 44)! CA-MRSA�ef����-.�� �� =�
�g�MLST8 PFGE5�	�,0U/����
CA-MRSA� PVL5 � �MSSA� mecAh 0 *

(SCCmec)�12/�0��	34/��� 45)E48)!
ij� SCCmec IV�k�� SCCmec7��l5��
6m	�g���� 49)!
,�,� �K���n7���5�< CA-MRSA

	 HA-MRSA���� 8.�$oef5���>�
���� 	�g���� 50), 51)! �`9:>��/�
 p;%�7�MRSA� ST 57>� ! ,�,
MRSA�� p;%��q<,=rs,0 1980!
>��� PVL?�� ST307� �� PVLt��
ST8178 ST2397�c�3�@ABu�0l@�
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Staphylococcus aureus, especially methicillin-resistant S. aureus (MRSA), is a leading cause of human
diseases in the hospital setting as well as in the community, accounting for a wide variety of diseases.
Because this pathogen can be a transient component of nose and skin flora of the human and easily
transmits by contact, it is crucial to know its epidemiology to break a chain of infection. The advancement
in molecular biology has led to the technological development of gene analysis, which has brought about
a great breakthrough in the field of bacterial molecular epidemiology. The epidemiology of MRSA has been
investigated by pulsed-field gel electrophoresis (PFGE), multilocus sequence typing (MLST), spa typing and
SCCmec typing. By combining these methods, interesting facts about the global distribution of MRSA and
its evolution have been revealed. This review summarizes the outline of these epidemiologic methods and
the latest molecular epidemiological knowledge about MRSA with emphasizing a focus on MLST.
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