
�� ��

��������	��
��� (PFGE)����������
Clostridium di$cile���	�


�� �1)����3)�����2)������2)

�����2)�� !"2, 4)�����5)

1) � �#$�%&%�����'(�
2) �#$�%&%�����'(�
3) )�*+ ,-.
4) �#$�%&%�����!/0"�
5) �#$�%&%������10"#2�

3$% 21& 5� 22'4(5 $% 21& 8� 31'4)6

2004& 1�78 2008& 12��9 5&:�5 *+',78�-;<= Clostridium di$-

cile (C. di$cile)> 340?9@A=B5 CDEFGHIJ.��K 248?9L/M=NOP5
A�/B�B 141? (56.9Q)5 A�/B�B 26? (10.5Q)5 A�/B�B 81? (32.7Q)9@A=R FG
HIJ.�01?DE 136?�STU5 ��������	��
�� (PFGE)��V��
��
KWXM5 ���9�	Y2K3Z=R PFGE�9>��459@A= 4?K[T
= 132?B\I�]^_`�
9 51a6��6;<=R CDE A�78 L��9 12a
6�> 85? (62.5Q) Bb�<5 78cd�99@A=B5 e� 39a6�> 47? (34.6Q)

Bb�<cdf1�9@A=R 35? (25.7Q) Bgh:T A�9@A=B5 O�>��
bu#erN��;	�� 200 mMij<=K>kMlT?�9>�mnY29��459@A
=R o?5 C�p>qZUFGHI� A�/B�9@A=R A�5 B�5 J�>@o&�9@o
�A78�-BB@�5 XC�.Dhrs<=R @o PFGE�pBgE 5&:�-;<
�Bh@�5 C. di$cile>tFKu%M��vw�Ex: GMUT�75 �=>Ex:�s=
�H,78'y;<D�ONBz;<=R

Key words: Clostridium di$cile, PFGE5 ij<=5 FGHI5 {|}~�}

� 	
Clostridium di$cile>IJ�
J1tF^_`

KJLp9@�5 MN��%H01O>*+P
Q��78 7.6QN;<UT�1)R R�cd9>01O
>�TN;<5 ��S�9>5 R�cd 20�
40QBG��n�l�ONBS�;<UT�2, 3)R C.

di$cile> b-_}�`��pTK>��5 U:�
�pT/V�V�p�W�NMU C. di$cile 0"�

XdYZ[� (�466�8650) �#$��\�]^_ 65`
a
�#$�%&%�����'(�
����
TEL: 052�744�2614
FAX: 052�744�2613
E-mail: t-ookura@med.nagoya-u.ac.jp

(CDI)K���OM5 �b��cJ���d�l�
�YKeM5 �)fg%h�>�iu%B 8<�5
Ts¡��iJd¢K�=q £h@�1)R C. di$cile

c=¤ ?�¥J�>5 FGHI A 3¦I§]F
GHI65 FGHI B 3¨~FFGHI6 B©jMUT
�B5 ª&5 kl5 «¬9�¥JBTFGHI AN
B¤ mB:�5 �= binary toxinK¤ q�p
B��0"NMU®¯M°±NlAUT�4, 5)R
��0"²%3(��TU>5 ��������

	��
�� (PFGE)�>5 a³pa��TUC
n<=p?´�578µ��\I��I¶��N·l
;<UT�6)R M7M5 C. di$cile�©MU> DNA�
��V� PFGE��45Nl�p?G¸B�8<
UT�7�9)R o'(¹9�-M=p?9h PFGE��
45hB:�G¸M5 C=�5 ���9p
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���������	
����	�� PCR��
�������������	����������
�� �!�"#$% &'� PFGE�	���
��
(�)*$+�,-./01�210)��� 3��
��	�� PFGE���45�$678� �9�:
;��!�$% ����<��=� >? 5�@���
�$ C. di$cile�.AB�C�D�6 PFGE���
E��F#$�	2)*%

�����
1. ��
2004� 1G"! 2008� 12GH	� 5�@���

EIJ��KL�$��E���	� .AB�EI
�M0N0�#$O��P��QRS�TS UV!
WXY �	��EI�� "Z�#$[%�#$O�
�P��=E��\1/01	&]'�� 3�^_`
� CCMA#( U)*+,Y �-a� 4)@bc#$
�F#$11)% .d�$/-R0�e#$�$f� PCR

�	 C. di$cile�"/6.AB�C�D�Eg�F
�� "Z� 10hiAjk1S	l80m	01�$%
no� .AB�C�D�2)*��346��� 10h
iAjk1S"! CCMA#(���-a��bc#
$�� .d��
$�� U975�pq"!� 136�Y
� PFGE�r�$%

2. ��
(1) QRS�TS�	�$.AB� AEK�
QRS�TS UV!WXY�	��67�8�s��
tu`��� 19vw:;�<��^=f 13,500

rpm 10�x>�� ?@ 125 ml�y,AT.�-aA
�-a�� 30�f�B�z���2C�D/�$%

(2) PCR��	�$ C. di$cile�"/<{|.A
B�C�D�EK

PCR��{* C. di$cile�"/<{|.AB� A

<{| BC�DEK�F#$% C. di$cile�"/�=
Gumerlock!�2�*,z�}0 PG 48 (5 � -
CTCTTGAAACTGGGAGACTTGA- 3 �)<{| PG

49(5�-ACTGAGAGTAGCTTTA-3�)�	�$12)% H
$� .AB� A<{| BC�DEK= Kato!�
2�*,z�}0 NK2(5�-CCCAATAGAAGATT-

CAATATTAAGCTT- 3 �)< { | NK3(5�-GGAA-

GAAAACAACTTCTGGCTCACTCAGCT- 3 �)13)�
{*.AB� AH$= BC�D�2C��E� �!
|�,z�}0 NK9(5�-CCACCAGCTGCAGCCA

TA-3 �), NK 11 (5�-TGATGCTAATAATGAATCT

AAAATGGTAAC-3�)<{| NKV011(5�-TTTTGA

TCCTATAGAATCTAACTTAGTAAC- [S 2] 3�)14, 15)

�{*.AB� A6.AB� B�~��F	�$%
��=�1�z HK�GHI U�!+,Y 	 2)@b
c#$�� J�$/-R0� TE�T��0 (pH 8.0)

�<{3McFarland 1.0"! 3.06�*{��K��
100m 10�@�Lf 14,000 rpm	x>�����3
�?@���,�0.6���	�$% EXTaq U��
z��MY �MN8�s#� 1O��P
 20 ml�
PCRO�`�PQ�� ,z�}0=3��� 0.2 mM,

EXTaq= 0.4 unit� ��,�0.= 2 ml�6��$%
PCRO�= PG48<{| PG49� �!|� NK2<{
| NK3�O���P��= 95m 20R� 55m 120R
���S1� 35o� NK9, NK11<{| NKV011�
O���P��= 95m 20R� 60m 120R���S
1� 35o45�$% PCR�S= TAE�T��0�
T��$ 2h\�-0i�1�� 100 V� 30�Uc
�V�F�� ����j�-}��	WXf�Y��
�� Z[���� PCR�S�1 ��E)*76	�
C. di$cile�"/�!|�.AB� A<{| BC�
D�2C�¡/�$%

(3) PFGE�
PFGE�=� Alonso!���10)�¢��45�$%

01#("! CCMA#( U)*+,Y �.d�$ 1

/-R0�����£0.���¤0�¥���¦�
(BHI)#( U§¨WXY �-a�� 37m 18Z@bc#
$�F#$% BHI#(� 3,000 rpm 20�x>�?@
�©�� Washing Solution (0.15 M NaCl, 0.01 M

EDTA) 	 3o\]�� ^_� Pett IV (10 mM Tris�
HCl, 1 M NaCl)�6���McFarland 4.0�`;�P
Q�$% 7��` 100 ml6 1.5habc\�-0i
U=ªe,Y 100 ml�^_��,z�«01����
1�-TS�¬+�$% 7��1�-TS���0
j 2 mg/ml ULysis T`® 10 mM Tris�HCl, 1 M

NaCl, 100 mM EDTA, 0.5h sodium N-dodecanol-

salcosinate (SDS) 0.2h deoxycholate, 0.5h Brij-58Y
� 500 ml	� 37m 2Z@O�L¯�T��� �
�0j`�°�d
� ,-��±0i K U=ªe,Y
75 U/ml (ES solution: 0.25 M EDTA, 1h SDS)�
500 ml6��� 50m 18Z@O�L¯���²S³�
��F#$% L!��1�-TS�e 1 mm�iz�
i�� 1 mM phenylmethylsulfonyl fluoride (PMSF)

]'�F�� ,-��±0i K�
´Wf� TE �T
��0	 3o\]�$% 7��1�-TS�fµ¶g
= SmaI U��z��MY � 30m 1hO�L¯�
DNA�ij�$% 200 mM�Mkg U=ªe,Y �6
��$ 0.9h\�-0i U=ªe,Y �¬+�� 3�
�·1� SmaI]'¸¹��1�-TSl6 lladder

mn º»�mn º»�
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���� (Bio-Rad) ����	
 �������
(CHEF-DR II: BIO-RAD) ����� ������
�� 200 mM����� !" 0.5#TBE�$�!
�� �%&�'()*+, 4�30- 20./012
!"
 �3� 456�)7(�8�9:,;6�+
<=>!?@!"

AB� CDEF�12!" PFGEGHI6JK�
(�� LM�NO" AlonsoPHQG10)R�SAT�
�"U� VAWXY�� 0.9Z456�)7( [�\]
^_ R 0.5#TBE������� 200 mM����
�� !��A�YR`a��,� I6b+c�) K

HdeUfgh�0iT"

(5) PFGEjHkl
�'*�m� Finger Printing II (BIO-RAD)�$

�!�nm<6op,kl�q�� �re 80ZsL

�tujRvA!�� wxHyz�{| PFGEj�
}eH~��� Aj�P Sj�0�h�!"U� 1

zHvH PFGEj���jR!"


� �
(1) ����R���+��H���
5�/H����R���+�����J��m A

������ 1��!"
 ���B����&x�
233&�P 384&R� ��0i�� ����
16.7Z�P 24.9ZH��0����!� ���+��
&x� 237&�P 612&R� ��0i�� ���
� 8.0Z�P 20.3ZH��0����!"
 � 2��
�R���+���t.� �¡¢"�£�¤��H
����!"
 �£�PHy��H¥¦RJ��m A

��H¥¦Uu§!"�£� 78.9Z0� ����0J

� 1. 5�/H����

�
�� ���+��

12x [&_ ��x [&_ ��� [Z_ 12x [&_ ��x [&_ ��� [Z_

2004 233 53 22.7 237 19 8.0
2005 261 65 24.9 309 41 13.2
2006 341 57 16.7 343 52 15.2
2007 342 83 24.3 453 92 20.3
2008 384 82 21.4 612 123 20.1

¨© 1,561 340 22.3 1,954 327 16.7

� 2. ��R���+���t.� �¡¢"�£�B������RJ��m A����Hª«

���+�� [&_

�� ¬� ¨©

�� [&_
�� 110 (8.8Z) 164 (13.2Z) 274 (22.0Z)
¬� 99 (7.9Z) 873 (70.1Z) 972 (78.0Z)

¨© 209 (16.8Z) 1,037 (83.2Z) 1,246 (100Z)

� 3. J��m®¯°¥jR���+��H��H±²

���+��

�� ¬� ¨©

J��m®¯°¥j
A�/B� 67 (34.2Z) 53 (27.0Z) 120
A�/B� 4 (2.0Z) 16 (8.2Z) 20
A�/B� 17 (8.7Z) 39 (19.9Z) 56

¨© 88 108 196

u§�
³e
´Se

62.20Z
55.80Z
72.30Z

Clostridium di$cileH PFGEjHklClostridium di$cileH PFGEjHkl
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��� A����	
����� 8.8�� ����
�����	������ 29.9�� ���� ��
�	!� 16.8�� "#��	!� 22.0�
��$

(2) %���&'(����)*
+ 1,- 5./0 C. di$cile "#�	12� 340

1
����3�45 2481
%���&'(��
��6�$ %���&'(781�9:� A�/B�

� 1411 (56.9�), A�/B�� 251 (10.1�), A�/B�

� 811 (32.7�), binary toxin�	� 11
��$
+ 30%���&'(����6� 2481�45�
�;<=���� ��>?���� 196@
�
-� 3�)*���$ AB�CD!� 62.2�� PCR

B�EFGHIJ�KFH�LM����� ��N
O� 55.8�� PQO 72.3�
��$ RSCDT�
�U A�/B�� 41� A�/B�� 171����� 
�
�	�)*
��$

(3) PFGEV�WX
YZ[\�]^��_`a0� DNAbW0,-I
cde��-VfSg
��hi� 4j1�kG
lm ��n_U� YZ[\�]^�8o
� PFGE

pJF��qr�6�$ s 10�L,40YZ[\
�]^�`a0�� t�H�uv0wxyz$
{|}�~���
�YZ[\�]^��_�B9)


�� DNAbW0,-t�H�wx
��_VfS
g1� 451
��$
s 20 Alonso=��B10)0��U>?�YZ[

\�]^�U PFGEB�>?�U�=z PFGEV
���Hm������$"#�	12� 3401

���� j17��>?�U_�<����� 7
�"�<=j����U��_`a��-� PFGEB
�>?
����� 97���� 1361
��
�+ 4�$ 3�45 410�_U�� YZ[\�]^�

s 1. YZ[\]^��
� PFGEV�qr
M: lambda ladder marker, 1� j1 NL
5090, 2� j1 NL5092, 3� j1 NL5094,
4� j1 NL5122

s 2. Clostridium di$cile1321� PFGEV
A�L: �2��<=b�yzj� PFGE
V
��O 80� ¡
Vf�¢

£¤ ¥¦§£¤ ¥¦§
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�������	
��� � 2�� 132��
PFGE������ ���������� 51!"
���#"$%�� � 2 & 4����'() PFGE

�� A�� L��*+,-�./01��23$
%�() 45��� A� 35� (25.76) 75�
B� 14� (10.36) C� 12� (8.96)�	
�� & 4

��8%9%������,-+�:;�����
PFGE��M�� S�������<=,-� 
� 2�>?#@$% <=���	
�� A)� 33

!"�BC��� 30D�,-�./��5�� � 2

� PFGE�� A��(5� E��+F 6G�H
I23�J ' 7G�H I12�J F	1F 6G�H�K
L 9�F<=,-./�	
�� & 4�(5�MN'
�� 97D�,-�KL 21D�,-� � C. di$-

cileF*+O#@$% 8�KL 10D� �PQ�
R�� PFGE��<=�	
�F 11D� #@$
%�PQ�R�� PFGE��ST1��FUV%�
5�� ��F
� & 4�(5� PFGE�BW�X
Y��Z[�� 108D'T
�51� T( PFGE�
� C����� 12�' P����� 2�F\]^
�_`a��� A�/B�� b%cd� A�/B��
	
��

(4) PFGE��ef�gh
& 4�ef��P PFGE��#@�+',-+�

gh����� *+,-./�� PFGE�� A��
 L�� 136��KL 85� (62.56)�	
�� V�
,-ij�	
�M�kS��[Y 47� (34.66)

�	
��H� J� K��Be��#@$%T�

�F l��� 2e� 5em�n�
�#@$%�
5�� o� A��,-+ R�+'�=p4q 23D
� 35�F#@$%�() 2007e 2008e�#
@rsFt�
��

� �
& 2�(5�uvwx yz{|}{~x�F 164

�� %�F b%�\]^����� \]^� B

������UV%�51��'�� %1� V�
uvR� 141� (56.96)F PCR�\]^�_`a
A�/B��	
�� V� & 3� \]^�_`a
A�/B�� 120�� 67�Fyz{|}{�wx�	
) ���s� 55.86��T)����	1� b��
�'��� yz{|}{������������
�����Z[��\]^�F��$%�51b'�
���������F�� %1� V� A�/B�'
A�/B����� 21��yz{|}{Fwx���

& 4. PFGE�'\]^�_`a�j���1e7�gh

PFGE� \]^�_`a
�j� �+ I,-+J 2004e 2005e 2006e 2007e 2008e

*+,-./�
85� (62.56)

A A�/B� 35 (23) 1 (1) 5 (5) 19 (10)a 10 (8)a

B A�/B� 14 (14) 3 (3) 6 (6) 1 (1) 4 (4)
C A�/B� 12 (8) 1 (1) 3 (2) 4 (3)b 4 (3)b

D A�/B� 6 (4) 4 (2) 1 (1) 1 (1)
E A�/B� 3 (3) 1 (1) 2 (2)
F A�/B� 3 (3) 1 (1) 1 (1) 1 (1)
G A�/B� 3 (3) 1 (1) 1 (1)
H A�/B� 2 (2) 2 (2)
I A�/B� 2 (2) 1 (1) 1 (1)
J A�/B� 2 (2) 2 (2)
K A�/B� 2 (2) 2 (2)
L A�/B� 2 (2) 1 (1) 1 (1)

,-ij�
47� (34.66)

M�S IP qJ A�/B� 12 (6) 3 (2) 3 (2)c 6 (3)c

P A�/B� 2 (1) 2 (1)
BC� A�/B� 33 (30) 2 (2) 10 (10) 7 (7) 14 (11)

����
4� (2.96)

NT A�/B� 4 (4) 1 (1) 2 (2) 1 (1)

[Y 136 (108)� 6 (4) 8 (8) 32 (30) 44 (32) 46 (37)

�: ¡�,-+� 97D�	1F 11D�*+� PFGE�����¢
akc: <=,-� �RFe�V�5�#@$%�£¢

Clostridium di$cile� PFGE����Clostridium di$cile� PFGE����
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��� ������	��
�
��� �����

���� ���� PCR	�����������
�����  �� 	 2	��!� ��������

 209"
#$� 99" (47.4%)�
����&�'�

��
()*	+!�������� 
���,
-����.,+�/��
0�� C. di$cile1234 B*�5&6�2�1�

��)���&6�7#	/'� CDI
�8��	�
�&���  �� 
���9:�&� &���..
�
��&�'� )�	�;+� C. di$cile�12
34�<��&���=,��� >?@A+� B

CD&�1234E!F�"��� 32.7%&���
��G.H�� >?
�#+�
�1234 A
I
*�5&6�2�1&���� CDI
��
�J$%

�52�1�
��&�KL6�MG��� '(�
*���$%E!F
�N�� $%�52�1
O)

*)*+P+�  �� 
�&Q�?R&6/���
&,2�1	7�$%�5��
�*+PK����
�&O)*ST����U,�/�.�&��� )�
	� 
���V-A./&
WX0YZ�&�/[�
\
1]^2_
V-A.
3`�a�bc4d*`
#45
�J	,��&���������

PFGE��� ef
Qe	��!\
6��Q�g
7,.�� 8B/O9
WX5h��+!i[j�)
�!6�6)� +.+/��� @k	 B&'()��
C. di$cile & PFGE�*@A+���l� MRSA/
m	:n+!o4p�qrs;�/'� t7<=&6
/���>[��+�� ?uv
w8@x&
yzA
%*B{+/���&�� DNA'|	7'o4p�
}C&6/�t7D,�� 45�&�H��� yzA
%*B{+���&� At 35�� Bt 1�� Rt 2

�� EFt 7�	'G)��� K/G$� At 35�
�KL!�yzA%*B{+/���&�qrs;*
~+!���

Kato�� 2001�	�?
 3��
8B.�
 C.

di$cile 120�� 87� (73%) �t7D,&�H��
H�+!��7)�  �� Sawabe�
H�	7���
1999�.� 2004�
 5��	'(+� C. di$cile


 148�
#$� 55�� DNA
'|	7't7D
,&�H�� �
 55��yzA%
B{&t7U,
�/'� \
#$
I� PFGEt
 33��B/&�
J�K)
t&�H��H�)�!��8)� Sawabe

�8)
�LM"
��qb���� G�G�
M"�
��/H!���J� �
N�
t7DU,��I�
t.m#.<�&6/�� A.��  ��1]&
3
`�*:nK�3q�����O ���

PFGEt&t7D,����+�H���_&,
I��� Bidet9), Corkill16)��qrs;P
�� PCR

c�b�� 1� ��b�� G&�H��H�+!��
�� G�G����b��*@A+!�/��  �Y
�
QR� PCRc�b��	7�t7*@A+��
�l� w8
��	7� PFGE�&qrs;P
t
7D,�
>[�I� PCRc�b����S*~
+� �[�.
8T.�C�+!'()�!�!I�
/���4&�����UV)���
-�+���1������
�	�+[��+�
�� yzA%*B{K����� W	,H�8, 10, 17, 18)

)�!��
&yzA%
B{�� qrs;P*|�
K���41&���MG��� +.+� yzA%*
B{+!,qrs;P&o4p�&6/���,��
+!�'� DNAX5�/m��.
W
��
� 
������
&>¡
¢Y&���
	 3	 PFGE�	£�+�Q�
�¤5Z¥*~

+��� 2004�� 2005�	�"����¦/[�
2006�.� 2008�	�
����*KL!"�K
���	+�§8&���  �� +.+� '(
1.
�¨
�+��6	�;+/��  �"�
1.�Q
��;+!�/��=,�'� >?
�#&�2Q�
&
�#&�/[� �;+^K�Q�	[H!��U
,�����������

PFGEt
 At� B&�3`t& 35� (25.7%)

�© �� Q���ª��
Z¥� 2004�	� 1�
«1\¬� 2006�	� 5� «5\¬� 2007�	� 19�
«10\¬� 2008�	� 10� «8\¬ &�#+�8�

¡]	C�+!��� ª��I�8T/&I§8	^
B+�_��'� A./&
!`,G���
¤�& Bt� 14� (10.3%) &�'� 2008�	I

�8T.�
'(_����� I§8
^Ba�I�
�!�/�� PFGEt
 Ct� 12� (8.8%)&� 12
34E!Ft� A�/B�&�'� I�8T&I§8	
'()��_�/��� ®¯	� A�/B��
B/C
b��_
H����19)�  �� �
7#/ A�/B�


1234t	� B&@A+!������&�
�5&6/�
&�  B&, At� BtN�*�5K
�2�1
c^*�#K������� �#+�°�
/ PFGEt
���� 3��	�±+!'()�!
�'� ²d³e*´+!8B/
µ¶	i['f+!
�!20)� ^Bª�	,"�g����������

21\
ª�.�� 2�.� 10������'(
)�� I�ª�& PFGEt��S+�,
� 10_
&� ·' 11_� PFGEt��/H!��� �
 11

_&�� ��Q	7�I§O9�  ��Q¸h	7�

ij ¹ºWij ¹ºW
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Analysis of Clostridium di$cile Strains Isolated in a Hospital Using

an Improved Procedure of Pulsed-Field Gel Electrophoresis
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From January 2004 to December 2008, we isolated 340 Clostridium di$cile strains from fecal sample,
and we tested for toxin type of 248 strains using PCR method. The isolates comprise of 141 toxin type A�/
B� (56.9�), and 25 A�/B� (10.5�), A�/B� (32.7�), and one binary toxin type. One hundred thirty six
Clostridium di$cile isolates recovered from feces of 97 patients, were analyzed by pulsed-field gel electro-
phoresis (PFGE). They were classified into 51 PFGE types using the identity criteria of��80� similarity
in the dendrogram analysis. Eighty-five strains (62.5�), which were isolated from di#erent patients, were
deviced into 12 PFGE types (from type A to type L), and the other 47 strains showed unique 40 PFGE types.
Although PFGE type A (35 strains) were the most predominant genotype, these strains showed non-typable
DNA degradation until the addition of 200 mM thiourea into 0.9� agarose gel and TBE running bu#er. 12
strains of PFGE type C and 2 strains of PFGE type P were toxin A�/B�, which showed false negative
results for rapid toxin detection test. As strains of PFGE type A, B, and J were isolated from the same ward
in a year, these strains might spread via nosocomial transmission. Some strains with same PFGE types
were isolated consistently for 2�5 years, suggesting that they are surviving in the hospital environment or
in the human gastrointestinal tract for such a long time.
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