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NOP
�%Y-.1� VFhFCH+'��MNO�����#^_`a.i(GH+ in vi-

tro�in vivo &Y�1!GF.C+CD VFj?%�U+)�1� ?kgF.di+C�1C&
4)%*������(l�-.*+gF.C'mn�op�]� �`"J�qrst�u��
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I . ��������	
����
�����
1. ���������	
���
2004� 9
��� ����� 4������� 7

��
������������� !�"���#
���� �$!	
����	 %� 1&' (�)*+,
-./0/ (micafungin; MCFG) %�12& 34�-
567895 (fosfluconazole) %�12& �:;!
<=�����>?@"@AB
���<��� CD
EF>GH	'

MCFG�� I 1!JKL
M��N��	O)!�
P��
�����Q�3NR<S� TUVWXYK
<�*Z[VWXY��3�\��]^5_�`��
��<	a���b	' (�O)<_�L
>Nc

��a���� d�!ef/gh/i (candins) 3�
j��� MCFG�k�!� caspofungin %CAS; l�
�K�!��&m anidulafungin %l��#�no�&
�b	' MCFG���ef/gh/i�3��!� �
�p���q�rs� t�3"�!��	 1,3-b-9-

u5,/�tv">#$%<w�&%3"� p���
Ax>yz"� �>'{K	3)' MCFG�
���V
�|5� AMPHm ITCZOSNmm}�� Candida

spp.~O� Aspergillus spp.3�=@q�<����
� ���!�"�()*���%�@���%!+

�4, 5)' (��,< in vitro��!��"�� ���,
/�� ~O�]�V505� �-��g5!~�
�N��< in vivo��>J"@4)' ��!�$��!
O=�.�����/�!�K	01�~S��2�
?<��!���3������6)� 2002� 12
!

� 1 ���������� ��2!����	
���3q<w��,���

��� � 2 ���
q<w��,���

&%�� � ?

UT�/i ]�4 T^/ B
(amphotericin B;
AMPH)

1962� p�4�5¡� ¢95 p�4£5yz

-¢¢¤T+�/i
%¤T+�/]7¢u&

-5^|^/
(flucytosine; 5-FC)

1979� X+�/¥�tv" DNA�t6z

]895i

+67895
(miconazole; MCZ)

1986�

�¦� ¢95 14a-g�X�9
§ (P45014DM)

�5¡� ¢95�
t6z

¨
p�4£5yz

-567895
(fluconazole; FLCZ)

1989�

©|�67895
(itraconazole; ITCZ)

1993�

4�-567895
(fosfluconazole)

2004�

ef/gh/i +,-./0/
(micafungin; MCFG)

2002� 1,3-b-9-u5,/�tv" 1,3-b-9-u5,/�
t6z

¨
p��L
yz

I 1 +,-./0/ (micafungin) �aªL

+,-./0/�ef/gh/i
����
«7�893"�� 6c�]+¦¥��¬@
Z[VWXY��3�\��]^5_�`�
���<	TUVWXYL
>N*� \3­
®�:;!<¯mK��® %.°=�& >J
K' ±��?� +,-./0/����p�
4!>²³����	&%�� 1´3-b-9-u
5,/�tv"!?µ!@A"�6zw�>
B¶K	'

·¸¹º·¸¹º
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�������� �����	
�������
MCFG
 in vitro ������	�
������
�
�
���������� �� ��� C. parapsi-

losis C. guilliermondii��!"���#$�MCFG

%&	�'()�*(�+�,-��./'-4, 5)� %
&	��
��	��0��1��
234567895�� 2004� 1:����;<
���=')
>?�@1�����A�� � 2�B
���!C�� FLCZ�DEFGHIJ@��K�A
��� FLCZ!)?��	��@LM1./'-�  
!N"� FLCZ
 1/40�OP� Q9G3 !?R#
(./ � $� !"STU"/?� FLCZ
%V�
���&"������1�
�M&"'(�R#�
("�./(W
)*�?X7)� 0�Y�+Z
,

	����-[!\]^D_6H�3-�.//��
01`a�[1�?� 2b(c'34�5-��7)�
�K%&	
d*'-�� FLCZ'(�6e@('"
�7%&	#�!�%8�?234567895
M
&" !�9f��R#	�:;����

2. ����<	� ��g895<	
�K<	/)hi 2j<	
=>�>?�*(k

?l/("�1������� g895m��A��
	n
���Jo'(�[i��?�(�K�A�.
/�pq�� .
]G3
�K$�@=@=rs<	
�,-��./�!�� @ 2�g895m�t
A

����
u(<	v�wxy�0/z�� t
B{
�X1��� >|
C�DE8)(W�}F���1�
,
	��-
c'��� GX
g895m���

�� �(h~ Candida albicans ���z/�� Can-

dida spp. [!\ Cryptococcus neoformans �u��
He��/��4567895 (fluconazole; FLCZ)�
(-\�.�-
�I
�' Aspergillus fumigatus

t
A
 Aspergillus spp.(W
�J��.@�?�
	�?X�_G67895 (itraconazole; ITCZ� �!
�KLc'(0��gy2�^�� B (amphotericin

B; AMPH) /
M&�>?�Lnh��1�� g89

5m��.@��� C. krusei  C. glabrata 
01N
O#
PL�7%&	 �1j<	� �B��� C. albi-

cans(W
%	��[1��<	�5 �2j<	� �
�Q��.)�L1/���*�� @'@ 1980�R
S�'-� ���T����- (OPC) �M�@�
FLCZ
9U !�&i� HIV%8�'- FLCZ<
	0��A
g895m��?rs<	�B� C. al-

bicans #�MVW�NO���!C�()9, 10)� .

<	=>��h'�:;�X\���"�11)� t
�
NCCLS M27-A12) ��FG��/@��I
���
�%&	`a(�����YZJ��� g895m�
<	
�Z�[��("�./ ��\� ?ph"��
g895<	#�k���o]�(-\�<	
N�
v�wxy
����^�_`@XXA�� >|
�
��
]��!�=� FLCZ[!\ �0��� ITCZ�
<	�B�01NO#
�	VW�� C. albicans �
0.6�� >?M1 C. tropicalis C. glabrata� 3�4�
aW�A�13)�
g895m�
('�� FLCZ �.�� 2j<	
�C. albicans��?�>?�L,-��<	v�wx
y
��?b��nh��*�� g895m�
Y�
N��� 3]� �'-¡5¢3�E95���¡
5¢3�E95cV3£d�¤3��u��e
�
X� G¥3�E95 14a-¦v§G9¨ (cytochrome

P450 lanosterol 14a-demethylase; P45014DM), �A
�� ©f�.
Y��e �69F��ªg�� CYP

51A1 0�� ERG11 /Y«���� [!\ �0���
h�cV3£d�
�'
�e
iJ�g895<	
�PL''h�/¬q-��1�� @'@>|�("
�� g895m��.��j­	
iJ�!�{k�
�KlW
7®�<	v�wxy/@�!)�*(m
¯�?X./�n[@�1�� .
j­	
iJ��
u/@� 2X
o�°�D�3�y�A� ABC_G
�3°9±9 (ATP-binding cassette transporters)

[!\ MF (major fascilitators) 
1²�'0��p
�
³#q_�!��

� 2 234567895 (fosfluconazole) 
Jo¤r/234´±9¨�!�4567895µ
i¶
234567895�4567895
�·��^�·¡3�5J@�DEFGHI�A)� c����2
34´±9¨�!"�^ '�@'?�¸¹
�p�Nº���4567895�i¶����

����%&	`a����%&	`a
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������ C. albicans �����	
��
�
������ �������������	����
� !"#$�% �&'� OPC() AIDS*+��
� FLCZ ,-��� (MIC, .64 mg/ml) �/0	1
� � (i) 23456789 (CDR1/CDR2, MDR1)�
:;(<=> ?�@�� 85A� (ii) P45014DM ��
BCDEF GERG11 �H�IJ KL
M� GERG11

�:;(<J =N?@��O$P$ 65A
1Q 35A
'RS� T�UVW#,-���� 75A '
���

��������XY�Z[$���T �N[$
L14)% ���������=@\,-����]^

� &_����/0'@`a[$���15)%
b�������	c	?��d
� 
e�fgh

	[#[$��i�j:  @	klm	nYopq
�rs� !"���tu'R�% vw�)�	\�
�xyzLUVW#
� (i) MDR1 �:;(<� (ii)

ERG11�H�IKL
:;(<� (iii) CDR1�:;
(<� �{	��������|} \~�ZqLT

� 2 b������
	�?�>������ 2|��	c	?��� G���J 
��9�����

���
 �� G���J 
	YL 2|����9�����

��� 
 e C. albicans O��W�
Candida spp.

Cr. neoformans
A. fumigatus O��W�

Aspergillus spp.

����� ������� �P45014DM
a) ��m/�

m�d GERG11 �:
;(</�IJ

�P45014DM ��mKL

�m�d GERG11
�:;(</�IJ �e)

�ABCTb)/MFc) ���
�� GCDRsd)/MDR1
�:;(<J

�������� �P45014DM ��m/�
m�d GERG11 �:
;(</�IJ � �

�P45014DM ��mKL

�m�d GERG11
�:;(</�IJ

�ABCT 
1Q/KL

MF �����
GCDRs �:;(<J

�ABCT �����
GCDRs �:;(<J

4��5� ������5 B ���	
~��� �
�¡��¢��£¤/�
�¡��X¥��d

��� ��¡��r�
¥j��I¦ GERG2
�I	1� D8,7-sterol
isomerase �§¨/
ERG3 �I	1� D5-
sterol desaturase �
§¨J

� �

�¡¡©�Bª
5�

�����5 Uracil phosphoribosyl
transferase «��£
¤/§¨

�UMP-pyrophospho-
rylase «��£¤/§
¨

�
�Uracil phospho-

ribosyl transferase
«��£¤/§¨
�Cytosine permease/

cytosine deaminase
«��£¤/§¨

¬­5®¯5� B��°5±5 �1,3-b-9-glucan
synthase ��d
GFKS1 �H�IJ � � �
�ABCT�����
GCDRs �:;(<J

a) lanosterol 14a-demethylase; b) ATP-binding cassette transporters; c) major fascilitors; d) CDR 789�²
	 CDR1 
1Q CDR2; e) 2|���`a
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��������16)	
5-FC
����
 ��������
�����
������������������	 Candida

spp.� C. neoformans� 5-FC�� �!"���

�#$��%�&��
 5'40(��)
*+�
 ,
	-./��0�12&3�17)	 

 C. albicans 

4�������5�
 � 10( � 16��7�
8
 30(� 5-FC9��
 26������:���
��;18)	 8�8<� 5-FC�=���8>?+��
�;@�
 2<�A��
 ��B1� 5-FC��7
��&��C�DEF!����0�13)	

II. ��������	
��

1. NCCLS M27 �G�������5�HI
��
JK;LM

 N��-./�OP�QR�
�G�
S��F��
 1880��T ��!A
NCCLS
4��U@��;	 V�"��
 #W!A
1�X����; AMPH, 5-FC, YZ[\��� (ke-

toconazole; KCZ), ITCZ, FLCZ� 5 �]7QR$^
��8�V�QR_`
ab7%c�d&��*��
efe0'()g hQR*��+ijpH, kl/,

*-m�jWn
 o./0�pG0Eq 7r�r�p
G�8�s"��3�1�tu7+v2�
 ��7�
G���@���
*+;	 5�����w7�x�
3>�F�7yz;_`
 1992�� Proposed Stan-

dard (M27-P) �� 1995�� Tentative Standard

(M27-T)19) 7{�
 1997�
 Approved Standard

(M27-A)12) h4 3q �54
|+;	 M27-A�
 !A
�v0�}~��
&�>�G��8�Px����
�	
-�/�OP�QR��6K3���M27-A��
2&�%0
7�
 MICo./�0�pG
*�	 "
�
L���8� h�����1�1� IC�95�100q 7
pG��� AMPH79
���
 �}��-./�

���&
�����:��8�7o./�8
 8
�&����;��� h����q �����;��
� h����q �1�"�1���05�?��0<
������������1�1�V��� 80( 8
� (IC80)
 50(8� (IC50)���0�	 ��LM
�
���������19��o./0�pG7&��
�
��=O&*��
 2o�
�"�0��_`7
y����;�1
 V�����e+;20'23)	 ��0
��

 ������� 5-FC
S8����0�p
G h

����1� IC50q 
 +�>��;MIC�
�5¡`��n
?¢0@S��i�2������
�0A8
 pG£��B#��¤¥���_`�0+
;	 ��LM
-./����
� h-�/����
�0�q �]�lCj�¦§
L+� hAMPH vs. �
�����e;� 5-FCq
 e;QR¨©��ªZ

L+�& h���� vs. ����q
 MIC o./�0

4 3 N��-./�OP�QR� NCCLS �G� (M-27A)a) �)/

'()g0E pG���;tu

�D«/l Candida spp. V�E�N�/l
�1�¨©��ªZ ����;���e;�����;���
�QR*� RPMI1640 h0.164 B MOPS ¬­�1 pH 7.0 
�®q
�kl/, 0.5¯103'2.5¯103 CFU/ml
�kl/,��G� �����
L� McFarland 0.5 
�® h1'5¯106�F /ml 
@#q
�*-m� 35°
�*-Wn 48Wn (Candida spp.), 72Wn (C. neoformans)

�o./ "�1G�08 (AMPH)
H 80( G�?� h5-FC 4L±������]�����;���q
��0G��?� h5-FC 4L±������]�����;���qa)

�QR$^�] AMPH, 5-FC, KCZ, ITCZ, FLCZ

�*��²'
S��IJ �AMPH 
$�� Candida spp³ �OP�1�
4���
 Antibiotic Medium3
(AM3) �;*�7����
 �� �F!�K´
0�³
��K���]
$�� C. neoformans �OP�1�
4���
 Yeast Nitrogen

Base (YNB) �;*�7����Lµ�MU��
 MIC N��5�SO��²¶�
�³
��K���]
$���K��/l�OP�1�
4��
 *�
·�[�§ (20

g/L) 7¸c��
 o./�0�K´
0�³
a) �����1�� 50( G�?� h50( 5�8�¹ IC50q 
@#³

-./�OP�QR-./�OP�QR

PQ�5RºS�»¼ Vol. 14 No. 3 2004. 5

133



�����������	
����������

���������MIC
	�����	���
���
��������
 1���������
	��
����	� ���
 !"!��#MIC


	�$��	����	!�%& '�()*���
�+,����%�& $��-./+01+��!�
�2�3�45	�6$�%�& ��789:	;<
=����
 ����+>���& NCCLS M27?@
AB@C+�7�����������:DE���
�F�& G�H���I	J�KL M���K�N �
 O2�P
!"+& Q#����R$�S�8�

'�T5& MIC �	3�45	��6� Min vitro�in
vivo�6�N �%&���'(�& UV��WUXV
�)���Y+& �I�*K MKLZ�N  O2�P+
���G�H�����	�+,!���


2. [L\*K� vs. Candida spp.�� in vitro�in
vivo �6�

FLCZ, ITCZ 	���]^)_`��#W+ 5-FC

	& C. albicans 
�ab	$� Candida spp. 	�c
+�"�d'e� in vitro�in vivo �66f�g#8
��	"#1)& NCCLS M27-A ?@AB@C+��8
#�[�I+>��hi)jk@Cl�mnG8��
Y+��� M- 4N
 	�+ FLCZ o ITCZ +>��
�& OPC24p27) ��W.q�rCst/ Mu0�1v
�rCst/N28) +�7���()*�w2+�x�
�'8��G8���
 yz& 3rCst/+>��
%45��6��6#8���29)

]^)_`���hi)jk@Cl+6!�78G
8���& �� (susceptible; S) 	9� (resistant; R)

�c+:;{<��� (susceptible-dose dependent;

S-DD)	�Y=!����r|}~)�>7#8��
�?��� M- 4N
 S-DD��@�& �MICAB�+
	���C��� DE��I��A��FG+HI
$��	�3��u��
�J!���
 ���7,
!�����#����& 4a]^)_`�	���
�# FLCZ	 ITCZ	��hi)jk@Cl�K�
���?���
 - 4+�G8����Y+& FLCZ

	 ITCZ�[���r|}~)�MIC
L�$�	&
S�M��� 8 vs. 0.125 mg/ml, R����� 64 vs.

1 mg/ml, 	��8% 60N�M������
 ���
	"#�7�%OP+MIC�O�%4��Q�o3
���RS
S����#���	�A"�
 �� 5

-FC+>���& S-DD	�Yr|}~)���& S	
R�Cc+�T$�%�	!�CUG9� (interme-

diate; I) �r|}~)�>7#8���

zV FLCZ
�ab	!�[\*K���WXY

��w2��Z+[;���
 ��w2�%	%	�
I��CFG	MIC
\2!�3�45
Q	$�
�	
8�	!����&MIC	3�45	��6�

��Y��%]+^>
 �I�L_+���y`�
�6��6#8��WXY�B�)*)�����&
FLCZ+>�������a�(_��R$"#�&
b-Bj*�`��<	45+& AUC/MIC�'8+�
T$��	��G8���22)


In vitro�in vivo�6�+6!�& FLCZ	!�
�
$��AMPH���
 Candida spp.+!$�AMPH

�MIC	rCst/3�45	�c+,b��6�

g>7c$�	��%���d���
 AMPH9
��& 1970Ve"# 1990Ve+���� C. lusita-

niae, C. glabrata, C. parapsilosis, C. tropicalis�<�
non-albicans Candida AB�+��� in vitro �%
in vivo �%�"+fb#8���31p39)& in vitro�in
vivo�66f�gd^��%�!��"!���
 '
8
gcP��`��hi��>�& NCCLS M27-A

�� AMPH9��Rjkl+������	��
�
 '� & ��mn
 RPMI1640 "# Antibiotic

Medium 3 M2¡ ¢_£)�o¤& 0.1 M-~C¥¦p
§� pH 7.0+JqN +e�� 24¨c �O©r?+
�
SY	�Y���ªs�t8�	!�& M27-A

?@AB@C�%uvG8����& '�w(+6!
�����x����

�I���������=�+>���& 30V�
M�«¬�y­
%>\®K��z¯� °90�60��
{± 	�Y²|���45Q	�}G
-$�	��

- 4 NCCLS M27-A ?@AB@C+~�G8�[L\*K�� Candida spp³ +!$� MIC hi)jk@
Cl

\*K�
���r|}~)& MIC ( mg/ml)

�� (S) :;{<��� (S-DD) CUG9� (I) 9� (R)

´_£µ^)_ (FLCZ) ¶8 16p32 � 64¶
@lB£µ^)_ (ITCZ) ¶0.125 0.25p0.5 � 1¶
´_·l·C (5-FC) ¶4 � 8p16 32¶

¸¹º�¸¹º�
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�40)� ������ ��	
���
�����
�
��� 90� �� ��� ������
�����
60��� ������������ !�� "	�#
�
$�%�� &100�0��'( ��)* &90�60��
'( �+,�
�� �� �#�"	�-���.
/��
��01�2�� 3456789� :;�
�
�<�� )=�>!�?@AB�� !CB�DE� 5
FGHI�� Candida spp. �E,)���JKLM
D�N� �� �#
O��	
���PQ����
������	��RS�!T EUV,�

3. �W	X�� vs. C. neoformans �� in vitro�
in vivo YN�

Candida spp.��Z��� C. neoformans��	X
���[������\]���U)^�!�_B 
!���U������!@�C.neoformans�AMPH

�����41, 42)PE` FLCZ�����43a46)� b
_B !��

M27-Acde6d7�f_B !�E,�� C.

neoformans�	X�� /AMPH�g*9 
O��h
���� YNB!"�	!�i,�E^j#�_B 
!� /$ 39� 5FGHI��)U�� FLCZ�S! 
�K�MIC�
$�%��Nk�l%�mno�pq
)�A b_B !�45a47)� �BA� b�rL�

��� in vitro�in vivo YN�� RPMI1640!"��
&AB)!�� YNB!"��'j�s���� tm
MIC� 2a4 mg/ml �)��u()nv*�wAB
�E,�)^� x16 mg/ml ��iyz*�u(�+
{�)*)����,|AB�� �U�]}���V
MIC~�G3�d7����-�_B !)!�

5-FC�S! R C. neoformans ���)~�G3
�d7��-�_B !)!� �U� Candida spp.

�PQ�����~�G3�d7��#	� E_�
,�s��

AMPH��L��� Candida spp. �PQ����
��� ��!"�� � RPMI1640E^R AM3!
"�i,�
O��.���!�� ��_B !�
R��� ������Rt��*����/)0��
�_B !�� ��)�A~�G3�d7��-��
��T !)!�
�3����Z Etest)=��1���-� ��

 �2��h��i,��	����wRs�� !C
B�DE
O����¡� �� ¢?� (reference

strain) PE`�����£�3Z �¤�����
45�s��

¥ 3 ��G47¦6§ (trailing growth) ��� Candida albicans tm� C. tropicalis ����6§��¨
y�©Hª«FGH (FLCZ) �2��¬	£­ /!7£­9 �®¯���8°¥�
9±�
��� (S) � 24tm� 48£­!7�m�L��� �¤��! FLCZ 2�²�R6§³´�
80� (IC80) µ¶����� ��� ��G47¦6§�� (T) �P! �� !7 24£­��L�6§³´
� 50� (IC50) �:�R��� 48£­·�� FLCZ�2�¸�R IC50���)*)��

	X��
O���	X��
O���
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4. Candida spp. ��������� (trailing

growth) 	
 NCCLS M27-A ��
�����
�

Candida spp.��������		������

���� 24����� 48���������� �
MIC�
�����!�"#�$����%��&'
����(��)*+�� ,� 4- .�/01���
���2"�3 $4$ 55 ����		 ,�� C. al-

bicans
 C. tropicalis���-�6���� 24��7

 48��7���MIC��8�� ,9128�- ��
$� ����(�� 7��� �
:!;�1<=�
"148, 49)3 >��"�?@�����0"AB� C#
D$�E�%�&F�A���'���(G;�1<
="����������� (trailing growth) 
H
I�1 ,) 3-3 A�J���� C. tropicalis����
������		�*$#�#� +D,�		-.�
309505 � KL13, 50)3 /,�)�MN0OPQR
ST.1��2U�VW4X�� ���������
		�2� ���"#� (��)*+���3�1
YZ>
�[;��2, 44, 48)3 >�\]4�� C. albi-

cans ���������	�^_01 AIDS `��
OPC�516� FLCZ78�9a�:b$�
�=

���;c52)4X de;�13 ���������
fU
<� pH.5���g�hi�5i;j1
=
k;�153)3 l4� (��fU�>"�?�_
;�
1
��� ,24 vs. 48��- 6<mn&o8���p
pq��
�@ArB ,50 vs. 805 (Gs IC50 vs.

IC80- �tCu�";��vw� ��	������
��Dx.� ���
�
$�� IC50.� yz
1Y
Z>
�[{;��51, 52, 54, 55)3 >�X�|Evw.�
}�� NCCLS�M27-A��
����n&o8�
�
�@ArB�� ~��������	����
� 24��
����� @A.�=� "�����
�.F�$�GH.�]� >�.M27-A�I 2J
(M27-A2) ��
���56)
$���$� ,� 5-3
��� ��������
���T�$ ��K�

���
��L���01���Mq�:N��A�
��157959)3 C. albicans��	�� FLCZO�i��
S-DD	� R	
PQ� ��)���.��01
�� g�R���S���"1<=��159)3

5. A�J
��o�?�T�;���1UB8
NCCLS M27-P ��
������;��V74
X� W+�#Dq��UB������JX� Y;
���1C#D$.Z[
01¡\�(��fUUB

� 5 NCCLS M27-A ��
������J��1 M27-A2 ��
����]��F�;���������
�.[0 Candida spp¢ ��01����

(1) 
� 48����"X� 24������ �
�@A.�=>
 ,^��MIC�*$�_£���I 24
��@A��.
1-¢

(2) >��<����¤w
�_���¥�MIC�`X�1¢
(3) 
� 48���@Avw�� ~ � (R)� �)*+���31�� 24��@A�� ~(� (S)� �)*+

���31¢ ,� 4¦a-
(4) Candida spp¢ ���		�b 55 ���������	�§c01¢

� 6 NCCLS M27 ��
���.¨�Q�$�A�J6<m��o�?��#X��¡\�C#D$(��
fUUB8��"

fU� dA©ª�O�� NCCLS M27-A n&o8
�>"_£�

W+�#Dq�8
,W+� 1995e-

n&o8 ��
�« 24��¬
��ppq��f�.dA$� ��Za
�f�� ­0.2 �g$����� IC80 ,805 ��®h- �

EUCASTa) 8
,��o�?� 2002e-

n&o8 �ibD,« �¡�¡\��b)

�fU
<« 0.165 M-MOPS ¯j (pH 7.0) RPMI1640 � 25
�T��Qk�
�l,D6« 0.5°10592.5°105 CFU/ml
�
���« 24��
��
�« ©T±�±� (5-FC) 6<m���T�$������
�ppq��dA$� IC50 ,505 ��®h- �¢

a) The European Committee on Antibiotic Susceptibility Testing �m
b) n²�¡\�"4� C. neoformans, Trichosporon spp. "��o�¡�¡pD,�³��"�>
�"´� $
���� Candida spp. �µ¶·X�1¢

¸¹ºq¸¹ºq
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�����������	 
�������
���
���M27-P�	����� M27-P������

���������������� 
��� !"�
�#����$��� 1995����%&�60) '� 6(	
NCCLS�M27-T)*#���+�,��	-��
./�0�123�45�6���7�89�� 
�
�� !"�M27-A:;<=;>��?��#��
-��@7������A���B%&CD	 � 3�
�ECD�� M27-A#���F�GFHI�J�K
8�� L����
	�M9	 �� �!"N�O8
��
�PQ�GFHIR�AS&�8	 �@���
#T�5U3V>W�XN�O8��M27-A)$�
%&�'Y90F��(��Z[2)� )\�]*�+
,�M9	
^3�4_-`��� .� NCCLS M27 :;<=
;>�a7�bc�
��?7�8��� �XN�%
&�de�� The Antifungal Susceptibility Testing

Subcommittee of the European Committee on An-

tibiotic Susceptibility Testing (AFST�EUCAST)

�� 2002��/f��	���g�� 'EUCAST

�(61)	 0�0��� NCCLS M27-A #����12
���89�� 3���f4-�h5�E90FZC
i�6jk� 48jk@S 24jk�78E90F�
9�F��� 
���l�Wmn3o�:pZCi;
q <�=pF8D]>��%&�8962, 63)	 ���

M27-A�Fr8J?@��EFAs%&�8962, 64)	
6. t�`�uB%&�89MIC3�v45
./`C�� (i) wDE� FP 'x�� DP( yz

{|� (ii) wD� F}bc�v45 ASTY, (iii) Etest

~�o��� )$ 3q�wD��� Fbc�3��
v45�G�H�IJF��uB%&�89	 �v4
5�KL�� 7��E	 (i) �
��� !"���
�xxv45-��IJ�M[� ���7���ZC
iM27-A�F�J?@+r8	 L�� (IC80) �MN
�9�x��!��N��C[��E9	 p���
OPCOP@S� C. albicans!"N��E9 FLCZ�
�Q��Q��
��C[� �v45��MIC3�
RFST�UF�k�V��W���XS&�8
965)	 0&����� (ii) �YY#�����S� 
�
���:p%&��-��Z[[\U��V>��[
']>( �^���L���9����_����8
9��KL�M9	 0�v45�C93��3���
M27-A���&FV��W�E90F��%&�8
966)	

(i), (ii) F�0F�[� (iii) � EtestF��&9�`
����
��MIC3���M9	 �� F�aN
�b���9c�O8�o5V4 F�Xd¡e�¢
£E9��f����9c�R�MICFE9	 ��
X�g¤J�M7�[� 5U3V>W�X��ECD
�h¥��� L�����¦i��9	 J��§�F

� 7 `C�uB%&�89wD��� Fbc�3��v45

jJk '¨3�3( 3�123�45 3��lF} m ©

�wDE� FP yz{|
'z{-!(


��� !"�
�	���#��
�
���

�ª«¬V­> B (AMPH)
1m­5­> (5-FC)
#n®¯3m (MCZ)
1mn®¯3m (FLCZ)
;5=n®¯3m (ITCZ)
#�1°>±> (MCFG)

�
��� !"����S²
NCCLS M27-A #���F�J?
@+r8�wDE� DP yz{|

'z{-!( �9���x��f4-­o¬ª�C
[!��!���� 'MN(
�³� NCCLS M27-A2 :;<=;
>�	Y�L����
	�>´%
&9n�

wD� F}bc�v45
ASTY
'µoIF(

NCCLS M27-A
#���
���
�>�

�ª«¬V­> B (AMPH)
1m­5­> (5-FC)
#n®¯3m (MCZ)
1mn®¯3m (FLCZ)
;5=n®¯3m (ITCZ)
#�1°>±> (MCFG)

�NCCLS M27-A #���F�J?
@r8
��-��¶�F��8�p[3��
�[q>-�9���

Etest ~�o��
'�o�rF(

�·o���� �ª«¬V­> B (AMPH)
1m­5­> (5-FC)
#n®¯3m (MCZ)
1mn®¯3m (FLCZ)
;5=n®¯3m (ITCZ)

�NCCLS M27-A #���F�W�
�r8
��Xd¡e¸;��9���
�Aspergillus spp¹ �I�ºs �

��+H�h5

�� Fbc�
��� Fbc�
�
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�����������	
� �
�������
FLCZ� Candida spp. �����������
NCCLS����� !���"���#�$%	&
	'()*+'67, 68), �-� FLCZ� C. tropicalis.
/� C. glabrata �0��1
�� 502 34�5'
�669)7+8� #�$�9!��
:����;	

�&��, ������� AMPH�MIC����	
��'<�*+8� �� RPMI1640�=�>�5'
?������/0���@�A���7B�
AMPH��C���*D'���	', ./E��
��&FGHI����7��*D'�*7����
�J %+8� AMPHK ITCZ�����GHI�
L!I�MN�OP����Q	' NCCLS M38 �
RSTUVW �XY�"Z�#�5'<�%[Q	�
�'71, 72),

III. ���������	
���
��
1. NCCLS M38 ���
GHI�MN�OP�\���� $%&]��'^

I(�'^I�)*��_�`%a+�<�� ,b�
��-.C%	&	��<��c�/0-&� ��`
�de�+f�/, ()K� 19981�gB�2h
NCCLS �� E��MN�OP��� M27-A ���
��_���3i4�5���/��������

M38-P���6j�/72), k�l� Aspergillus spp.

�c�7m�n89�
���� (voriconazole, ra-

vuconazole, posaconazole) %o:Q	//p�� <
	&��q�OP�r�s>t�u�'��7�� <
	&��q�v- ITCZ�\��7w;�� IC50-
& IC100�$x5'��)y<�zB/M38-A{|
}~|�% 20021�:=Q	/73) R= 8W, ���

�����w;�>�_��$x�� Aspergillus

spp. ��C���?�@p'/p�Q	��'40),
M38-A��� ���*�GHI�MN�OP���
���1��@AQ	��'7��� c��q�!I
��������B�7 in vitro�in vivo #����
�5'�6��B/&F� �/%B������|�
t76[Q	����, �l�CD��D�E*+
',

2. �%h*6jQ	��'���
F��!I���� M 38-P%�=Q	/G1�

19991�� (8@��w;�>��(���I^�
�C�H����M38-P�y$�/F��!I��
��6j�/75) R= 8W, �-��OP�7./M38-

A��3iIE��J���'<���).*7�
�,

= 8 GHI�L!I�MN�OP� NCCLS ��� (M38-A) �F��!I����&�

$%&]�c
_�`Q	/��

NCCLS M38-A � F��!I���

���I^ -K�./�L���M5'GHI N�O�PGHI� '�I� QRGHI�
S��!I� ��!I

������ ¡t ���� 3¢
�OP�� M27-A ��i' £[� (Alamar Blue) �¤¥ RPMI1640
�'^I( 0.5¦103§2.5¦103 CFU/ml 3¢
�'^I(���` -¨¨T©���' RIU�(B�<��'��

VT���W
3¢

��WªT 35« 27«
��W�¬ 24�¬ (Rhizopus spp.), 72�¬ (Pseudal-

lescheria boydii), 48�¬ (Fusarium spp.,
Aspergillus spp., Sporothrix schenckii�¤¥C
XY�GHIW

:­�V��)% Alamar Blue �9®�
(B�Z$5'.*�¯¬

�w;� �r�[°�,&-�:­±² R³IC50W´ 5-FC,
FLCZ
Hµ*V8�� (IC¶95): AMPH, ITCZ, n89�

����W

-¨¨�����(' IC80

�OP�r�q AMPH, 5-FC, FLCZ, n89�
����
(voriconazole, ravuconazole, posaconazole)

AMPH, ITCZ

·¸¹8·¸¹8
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VI. ���������	
��
�������
�

��������� ��	
�	�
������
����������� 2002������� caspo-

fungin (CAS) �� ����	
�
 !"#	$	
(micafungin; MCFG) ��%&'�( )�����

��*+�,	���)-��./� ��	
�	�
��0�/
� 1�� 2���3���4
�5'�
�,��6�7./���( �*�
��
!	89
�� :�;<$<��-�.�����=�����
���>?@�&'/�A( B��C�D����E
� ?�FGH<IJ�!K�3���4LM./N
�� ���N�/
�4"���6L#O��P$�
�-�/ CASL%&-�/'C+'/�A(

1. Caspofungin (CAS) �0�/�3���4
Candida spp. � CAS3��LP$��()*�+

Q
� Pfaller et al.76)�B'��A(,R-� 99S.
*+/0��1 4,000� Candida spp. 23T� in

vitro CAS 3��L NCCLS M27-A2 "��U�/
V456W IC100X 78�� C. albicans, C. dubliniensis,

C. tropicalis N�Y C. glabrata 
��Z�3��
(MIC90 : 0.25[0.5 mg/ml) L� \9 C. guilliermondii


��:�3�� (MIC90 :]8 mg/ml) L^_;D)
-� �� C. albicnas�:`I<�� (FLCZ, ITCZ)Z
<=�T�� CAS 3���Z� (MIC90 :a1 mg/ml)

)-L+Q�/�A( )�+Q�b+5� Candida

spp. �0�/
M27-A"L��DAb�� FGH
<IJc�de\>��?@�A+'/�A( ��B
C� EUCAST"N�Y EtestL��/ Candida spp.

� CAS3��L78�� M27-A"-DfP$��+
Q��A77)( B'��A-� EUCAST" V456W E
F 24N�Y 48Gcg� ICh95X ��ij
 M27-A

"�Z� V94kX \>HL;�� B'��llIA�
�� Etest��Jm�\>H�A+'�( )'+�+
Q*+� CAS- Candida spp. �Knopq�r�/

� NCCLS M27-A "N�Y EUCAST " V�5'�
456LEF 24��
 48Gcg� ICh95�100 -��
LoX 
� (i) M"-��NO��Z�3���4"�
�A)-� (ii) M"�?@
s
*�\>DA)-�
(iii) Etest���(P�4"����A)-� �Q+
'�(
��Rt�ST
 Aspergillus spp. �%DAMIC

�78"��A( �u NCCLS M38 " V72GcEF
g�456U8X L��/�� A+'� CAS �vw
VxMIC
FGH<IJ��./ 0.06[12 mg/ml78)

*+ ]16 mg/ml79) ��yW�z�L;D( B�X{

�|}-~�+'A�
456U8s����� �Y
Z� (IC100) ��
[2*Z� (IC80��
 IC50X ��
5'L-A�{*�\]�����./�A( )�S
T�r^�/� CAS� in vitro���o_*�O�-
�/��+'/{���� ��`a�b< (minimal

e#ective concentration; MEC)� ��A( )'
c�
�2��d�eL��+D�`��b<L�f�� g
h�MIC����!�456�O���A)-L�
iDAFGj�k�?��79[83)( �*�!K�MEC

L78DA-�A-� �l��������DA�

� Gc-mn-�4Lo�-�� �*�A+'Ai
j
��*��A( )�STL��DA�C�� Im-

hof et al.83)
 RPMI1640 V�2kH<�I�X �pE
q��� Aspergillus spp.�c����I�r�*�
d�z� V%sEF�N�A�2�tu�c�L;D
���I�%�/� �����L��/c�LZ�&
'�EF
vw��`&����IL0?AX �s�
�/MICLU8DA�p x"L~¡��( )�9
"�A+'�MIC
� MEC-Z�\>H (95k) L
;�� ¢��£¤	¥	�|�y3z-�\>��
�� NCCLS M38 ��¦{ x"-
|r��*.
�( 
"
}�:3��T�PC�~'/��-�
�(

CAS3���4"-�/
� d*� Etestl
�
��§¨"�P$&'/�A84[86)( �*� Etest��
©�MIC78LM��
NO��6�ªS«&'/
�A����A84, 85)(

MIC456�O�-�¬��#&'/�A��\
0����}
� �4Eq��A( �?0*�FGH
<IJ��A)'���P$ij�
� Candida spp.,

Aspergillus spp. -�� RPMI1640 ��� AM3 �
d���E�?:�MICL��79, 86�87)� ­®��J
m��A88)( )���_�*+� AM3L����4E
q-�/��DA¯{��A(

CAS3���4���"�rDA�2��	°	
±��A+'/���)-��./� 
�� in vitro�
in vivo |r��P$ij�+Q�
yC/k��(
Mora-Duate et al.81) 
 C. albicans -B'��� in

vitro CAS3���:�-&'A C. parapsilosis42) �
^_�²}DA!	89³��N�A CAS��jL
Df�� Mj��a�H�´���)- (13/20 vs.

14/20) *+� FLCZ�µ+'A���Jm�|rr
¶
A+'�*.�-+Q�/�A( )'�%�/
Hernandez et al.82)
� :`I<��\·��� OPC

��\¸j*+� CAS�������������
¹º	 (Day-1) N�Y Day-511 �23�� 20� C.

����3���4����3���4
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albicans ��� �MIC: M27 ������ 0.25 mg/

ml	
 ��� CAS
����������� Day-

553 �����	�� (MIC: �64 mg/ml)
 �
 3�
�������������� !
 CAS"#$�

%��& �"'$
 � 2��
(�� 3"���)
*��#$+�,-�� 
 in vitro�in vivo�.��
/01��& 2"'�+3����""
 ��81)"�
�4+��)*�"�5!
 1,�� "���6,
7�89�:�4�;<"��� !4=>,�*&

2. ?@ABCDC (MCFG) ����"�"�E
9

MCFG�"�E9��"�"":�+
 CAS"#
FGH$� +61���6�& I%�+
 Candida

spp."�"�+ NCCLS M27-A � ��&'J ICK95)

Aspergillus spp. �"("L)M�+ NCCLS M38-P

�N�+*+O,MPQ� ��&'J IC80	 ���,
�
 in vitro R� (MIC) �.)*�-�� ��"�
.��S1���* �$T+/0,4)UV71W5)"2
3�X41���	& 5YZ[C�\C]�6)*4
+�>
 MCFG + CAS �
(� in vitro R��^�
�MIC���	 V_�5!
 N�MCFG�78�69
`: (zone phenomenon)�;a<b=>cV!1,
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The Current Status and Challenges for Antifungal Susceptibility Testing

Hideyo Yamaguchi

Teikyo University Institute of Medical Mycology

Although new antifungal drugs of both preexisting and new classes are steadily introduced, the
incidence of deep-seated fungal infections caused by Candida spp., Aspergillus spp. and other pathogenic
fungi including those species or strains low-susceptible or resistant to currently available antifungal drugs
is still increasing. With these situations comes a growing need for clinically relevant susceptibility testing
methodologies that can be used in choosing the best treatment strategy for a given patient. Actually,
antifungal susceptibility testing has evolved rapidly during the last decades and has now become a
relevant clinical tool, so that routine susceptibility testing with azoles and flucytosine is appropriate for
Candida isolates and, to a lesser degree, C. neoformans isolates. However, this is not the case at present for
amphotericin B or mold fungi. A more problematic issue is the lack of reference method for testing the
susceptibility to candins, a recently introduced major class of antifungal drugs, that warrants further
investigation and development.
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