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In Vitro Susceptibilities to Caspofungin and Micafungin of Clinical Isolates of Candida Species

Hyun Woo Choi, M.D., Jong Hee Shin, M.D., Jin Sol Lee, M.D., Duck Cho, M.D., Myung Gun Shin, M.D., Soon Pal Suh, M.D.,
and Dong Wook Ryang, M.D.

Department of Laboratory Medicine, Chonnam National University Medical School, Gwangju, Korea

Background : Caspofungin and micafungin are echinochandins with potent activities against
Candida species. However, in vitro susceptibility to these agents of clinical Candida isolates in Korea
has not been fully surveyed. We determined minimum inhibitory concentrations (MICs) of caspo-
fungin and micafungin against clinical isolates of Candida species.

Methods : A total of 107 blood isolates of Candida species (24 C. albicans, 25 C. tropicalis, 24 C.
glabrata, 20 C. parapsilosis, 8 C. krusei, and 6 other Candida species) were tested by using the
National Committee for Clinical Laboratory Standards M27-A2 broth microdilution methods. The in
vitro antifungal activities and spectrum of caspofungin and micafungin were compared with those
of amphotericin B, fluconazole, and itraconazole.

Results : Caspofungin and micafungin exhibited a broad-spectrum activity against Candida
species: caspofungin MIC ranged from 0.125 to 1 pg/mL and micafungin MIC from <0.03to 1 ug/
mL. C. albicans, C. tropicalis and C. glabrata showed high susceptibility to caspofungin (MICeo,
0.25 10 0.5 ug/mL) and micafungin (MICw, <0.03 ug/mL), whereas C. parapsilosis was less sus-
ceptible to both echinocandins (MICeo, 1 zg/mL). The MICso for caspofungin, micafungin, ampho-
tericin B, fluconazole, and itraconazole were 0.25, <0.03, 0.5, 1, and 0.125 ug/mL, respectively.
Caspofungin MICso of C. glabrata and C. kruseiisolates with decreased susceptibility to azoles were
0.25 and 0.5 pg/mL, respectively, and micafungin MICs were <0.03 and 0.125 pig/mL, respectively.

Conclusions : These data showed an excellent in vitro activity of caspofungin and micafungin
against clinical strains of Candida species, including isolates with reduced susceptibility to azoles.
(Korean J Lab Med 2006;26:275-81)

Key Words : Caspofungin, Micafungin, Candida, Antifungal susceptibility testing
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flucytosine, azoleA|(itraconazole, fluconazole ¥ voriconazole) %

Lo A= echinocandinﬁ](caspofungin anidulafungin

micafungin) £ 47FA £F%o2 17 BA ¢4th Ampho-
tericin B& %@-‘H S-S Holy ZEe Mgy wid tiF
9 AFAE Az A Ael kA o] A]RE AA| FAJo] Ast A

o7 dHA JrH7, 8], AzoleAl A= amphotericin BE.
o 540] o Ao} o]F oAl dis] oAl WS Hele 7
o #E£E0] Z7FE L 1, 9, 10]. H 7NEE echinocandin
Al FRdAE 718 bE Alde g9 EfiEede &
A e A MEH B9 (1.3)-8-D-glucan 43
S Ao ER P A JERAT11-13]. o] AZ 2
echinocandinZl A Al= Aot HAejgog 283502y
olAlo] et EAES W& = 3L polyened] £ azoleA o
A sl WS Yeill= gl deiiE 237t e 3
90l 9k
Caspofungin®} micafungine <29 o8 A+ Az, A&A
ks, A54 s s o 9 X80 &
& Aow 7|y JeH12, 15-18]. ]4 oqa HES ;Loﬂ
9]3}M, caspofungin®} micafungin<
gt Holw, 53] azolerd 3
&gk g #Ed 7 FRF EFHE BT seH11-
15, 19]. vk g9 Aol A 2 o
=0 3 caspofungin} micafungin®] AJA] <
o B ) ok AR Y By 1)
S thA O 2 caspofungin®} micafunginol] ek A 9 A
A ZFAAANE Aldste], @A SUlolA AREF oE I
AEF] HAE ZARBIEIAL B AFE A5

o
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¢
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_u o
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i} T #FE F 107FR2H, 19989 19904 20031
129 Atelell AdristwEde] 32 g wjdol A EEd 45
2 #E9E Candida albicans 245, Candida tropicalis 25,
Candida glabrata 247, Candida parapsiosis 205, Candida
krusei 85, Candida guilliermondii 35 2 Candida pelliculosa
35 ol Ax#AEE 98| EFFF C. parapsilosis ATCC
220199} C. krusei ATCC 62585 v ZAbmch o851t 20].

A 7AAFE National Committee for Clinical
Laboratory Standards (NCCLS) Aol wa} M27-A2 broth
o2 AFssit 201,

microdilutionH

1) SElEH =4
2= RPMI-MOPS HjA 2 AH-3190 1, o]&= L-glutamine
o] & RPMI-1640 ®iA](Gibco, Gaithersburg, USA) 104 g&

ZH5 900 mLol 3¢ & o37]9] 0.165M MOPS (3-N-mor-
pholinopropanesulfonic acid) 3453 g2 o] 3= %ko| 1,000 mL
7} (22 3 0, 4 N NaOHE pHE 7002 233t 37
A= micafungin (Fuisawa, Japan), amphotericin B (Fun-
gh3lo) A}, Korea),
itraconazole (Janssen Pharmaceutica, Beerse, Belgium) %
caspofungin (Merck, USA)S AM-3th 234 5 caspo-
fungin, micafungin fluconazole HaEHFIE o]&3le], 17
1 amphotericin B9} itraconazole dimethyl sulfoxide (DMSO)
£ o83t 1,600 pg/mLe FEE EAZT 7 A=
thAl 944wl B)4ske] microplate well/dol o] HEEErt
caspofungin, micafungin, amphotericin B % itraconazole&
0.03-16 ug/mL7}A|, 1282 fluconazole= 0.125-64 ug/mL7}
A 242t 1009 S50} HES s, g4E 229 A
245 96 microwell plate (Nunc, Nalge Nunc International,
Denmark) 9l 1HeA 108 well7FA] 2 welld 100 pLA £
skt 1143 129 wellell= F2A17F 201304 % RPMI
Wl ] (caspofungin, micafungin 2 S RPMI Hj
A9} 29 2] DMSO (amphotericin B9} itraconazole) & 713}
o 100 pLA FFsI5ch GRFA7 F5E plates -70C 9
s 24 9 AeolH Held AL

gizone, Gibco BRL), fluconazole (Diflucan,

1 fluconazole) =

SDA FH3hfA|el] 35°C, 24A)7F vl & 0.85%
2 42 2 05 McFarland B (E34%A,
@3o] FEE7F o 1~5%10° CFU/mL7} Hx2
&4t o] #AE thA] RPMI-MOPS BJAE 0] £3}4] 1:1,000
02 3459, 1AM 10 well7HA] 22+ 100 L (HE o
FE, 05~25x10° CFU/mL)4& BF3th 119 well> A
ANZ well2A 79 100 puLE, 1291 wellS viA 9] hZE well
24 RPMI-MOPS Hj#] 100 yLiHs 3386tk & FEol €
o mlcroplate—‘ 35°Coll A 48A17171A] w3 T

2945 %=(Minimum inhibitory concentration, MIC)
e @"V}Oﬂ o3t QA5 WA|e7] fste] F Al #AHAY
WHOZ At MZ o2 Asgs W A FAl T
wEste] | sell AAE BAsIUh F A AAHE A
ol & zfole HolA| eko} Ag9] Aol YL FAE ¢odth
Caspofungin¥} micafungin®] MIC Az} 24A)17F vj ek 59} 48
A ARE Siiom, Aol A3 oAld ARS
MIC-0, A7tz wellol] H|3] o] A 3] 748 A& MIC-
2% 48tk Amphotericin B9] 79 48417} uj % 3 MIC-
0& = MICE #4331t} Fluconazole#} itraconazole 48A]
ZF e & MIC-28 = MICE #4510 M, breakpointES
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Tk} o] FEE99t) Fluconazoled] thall MIC-07} 8 ug/mL
ofslel A= A4, 16-32 ug/mLSl A$E FEF OE F
44 (dose dependent susceptible: SDD), 12|21 64 pg/mL
o]l A= YA E HASIY O™, itraconazoled] E|A=
MIC-07}F 0125 pg/mL ©l8lQl ¢ 74, 025-05 ug/mL
ol ASE Y oF A, I8I 1 pg/mL o) H4E
WAoo 2 71E3st20]. ©]9F 2+ MIC breakpoint+ flucona-
zoled] &l AFAWA LR 4R C kruseiZ A 93, BE Can-
dida 5l A-&3kATH20-22].

N o
1. CaspofunginZ} micafungin MIC-02} MIC-2 H|l

7t} 107529 caspofungin MIC-0 (&3] IJA|d A A

o
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MICE ¥9) 8] M9l 24X 7+ 48417 vk & 72} 0.25-1 pg/
mL, 025-=16 yg/mL A|E AR 2lo]E HAATh 53] 2447
wjoF & MIC-07F Z+2F 1 pwg/mL3} 2 pg/mLolE 259 C.
parapsilosis?l| A 48A17F B} & & T} 16 ug/mL ©|4CE A
Z7}8l93th Caspofungin MIC-2 (8A3] 9A¥ AHE& MICE
) e Hele 24074 4817 Wik & Z2F 0.125-1 pg/mL
3 0.125-2 pug/mL ARIZ MZ FAFSFATH Table 1). A 75
9] micafungin MIC-0+ 24A17+a} 48A17F 8<F & Z2F <0,03-
1 yg/mL ¥ <003-8 ug/mL Afole] W2 Ao]& HAEH,
o8t 2ol= 1579 C. guilliermondiiol| A 2421 7F wWi%F 3 0.03
ug/mL ©]8t9® micafungin MIC-07} 48X)7F vjSk & 8 yg/
mL oo g2 =713 7]1%Ath Micafungin MIC-2+ 244
b 48217 v & & o <0.03-1 pg/mLe] W= ME frAL
SFTH Table 2), Webd AA A S E caspofungin@} micafungin
MIC-2= 24A17H} 4817 vl = A= & Zol7F I 2L MIC-
0 24A17F v 5 Aol el 48417 i 5 A7t S71skd

Table 1. Distribution of caspofungin minimum inhibitory concentrations (MICs) for clinical isolates of Candida species

End point™  Incubation time (h)

N of occurrence at MIC (ug/mL) of

012 025 05 1 2 4 8 16 >16

<0.03 0.06

C. albicans (N=24) MIC-0 24
48

MIC-2 24

48

C. tropicalis (N=25) MIC-0 24
48

MIC-2 24

48

C. glabrata (N=24) MIC-0 24
48

MIC-2 24

48

C. parapsilosis (N=20)  MIC-0 24
48

MIC-2 24

48

C. krusei (N=8) MIC-0 24
48

MIC-2 24

48

C. guilliermondii(N=3) ~ MIC-0 24
48

MIC-2 24

48

C. pelliculosa (N=3) MIC-0 24
48

MIC-2 24

48

Total (N=107) MIC-0 24
48

MIC-2 24

48

20 4
16 8
14 10
14 10
5 19 1
2 22 1
1 23 1
1 22 2
7 17
1 13 10
23 1
22 2
2 18
15 3 2
15 5
13 6 1
8
2 6
6 2
8
3
3
3
1 2
1 2
3
3
1 2
33 37 27
19 46 31 9 2

15 62 23 7
15 55 20 16 1

*MIC-0, the lowest drug concentration that supported no visible growth; MIC-2, the lowest drug concentrations that caused a prominent reduction of

growth (>50% inhibition relative to control growth).
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Table 2. Distribution of micafungin MICs for clinical isolates of Candida species

N of occurrence at MIC ( j«g/mL) of

End point  Incubation time (h)
<003 006 012 025 05 1 2 4 8 16 >16
C. albicans (N=24) MIC-0 24 24
48 24
MIC-2 24 24
48 24
C. tropicalis (N=25) MIC-0 24 25
48 25
MIC-2 24 25
48 25
C. glabrata (N=24) MIC-0 24 24
48 24
MIC-2 24 24
48 24
C. parapsilosis (N=20) ~ MIC-0 24 1 1 4 14
48 1 1 14 4
MIC-2 24 4 7 6 3
48 6 3 1
C. krusei (N=8) MIC-0 24 4 4
48 8
MIC-2 24 8
48 2 6
C. guilliermondii(N=3) ~ MIC-0 24 3
48 1 1 1
MIC-2 24 2 1
48 1 1 1
C. pelliculosa (N=3) MIC-0 24 2 1
48 2 1
MIC-2 24 3
48 3
Total (N=107) MIC-0 24 78 1 5 5 4 14
48 75 1 9 2 15 4 1
MIC-2 24 76 2 13 7 6 3
48 76 1 3 13 3 11

2, 53 9 @RI BAS FEE A4S BT 5 I

2. 7|t #E2| 571K SXIZH o CHet M 2| Z+d

7t} 10752] caspofungin MIC-2 (24A17F #l9h) & 451
2 W HH C albicans (24F), C. tropicalis (255) 9} C.
glabrata (245)& 747} 0125-025 pg/mL, 0125-05 ug/mL
2 0.25-05 pug/mLEA M= FAFHA W 235 Bt o
ol B8 C. parapsilosis (205°) 9} C. krusei (85F)+= & U 05-1
pug/mLol Y, YA C. guilliermondii (35%) 9} C. pelliculosa
(3%F) & B 025 ug/mLel3dth webA Fojoh #5 caspo-
fungin®l] thet 74X C. albicans, C. tropicalis, C. glabrata
7} 7V @k3, C. parapsilosis®t C. kruseio| A Tha E¢kon)
AAHOZ 0125-1 ug/mLe WAL, 2 ug/mL o4l 45
= 3 T %t

Micafungin MIC-2 (2417 wih) & #5HE Hlus|HH C
albicans, C. tropicalis, C. glabrata 2 C. pelliculosat 73AF3F o
T 571003 pg/mL olstE @& AAE HH oY, C para-

psilosise 0125-1 yg/mLEA T2 750 vl =& A434= 5
Atk #E Aoy C krusei® 7% micafungin MIC-2&
0125 ug/mLolA, C. guilliermondii= 0.06-0.125 ug/mL°]
Ak

A 1075 3l caspofungin, micafungin, amphotericin
B, fluconazole % itraconazole MICso< Z}2} 0.25, <0.03, 0.5, 1
9 0125 yg/mLE micafungin®] 7}g Wkt Table 3). ZA|
ZHtke] amphotericin B MIC+ 0.125-1 ug/mL Ato]it) 7
AFeF 1075 = fluconazole MIC7} 16-32 pg/mL (F&3F o=
4A) 9 & 115:(10%), 64 pg/mL oVF(UA) ¢l #& 65
(6%)3.2™, itraconazole MIC7} 0.25-05 ug/mL (2F&3F 9]
E 72 o3 1 pg/mL oW #Fe A7 21F
(20%) % 10F(9%) Atk

d
-

1

EchinocandinA] &2#A¢1 caspofungine < "= 4
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Table 3. In vitro susceptibilities of 107 Candida isolates to 5
antifungal agents

. Antifungal MIC (g/mL) R* SDD*
Species o\ /o
agent Range  50% 90% (%) (%)
C.albicans ~ Caspofungin’ 0.125-0.25 0.125 0.25
(N=24) Micafungin' <0.03 <0.03 £0.083
AmphotericinB 0.25-05 025 05
Fluconazole 0.125-16  0.25 1 3
ltraconazole 0.03-05 003 0.06 3
C. tropicalis ~ Caspofungin 02505 025 05
(N=25) Micafungin <0.03 <003 <0.03
Amphotericin B 0.125-1 025 05
Fluconazole 0.125-1 025 05
ltraconazole 0.03-05 0125 05 16
C. glabrata ~ Caspofungin 02505 025 05
(N=24) Micafungin <0.03 <003 <003
Amphotericin B 0.25-1 05 1
Fluconazole 2-32 16 32 8 29
ltraconazole 0.25-8 05 1 25 42
C. parapsilosis Caspofungin 0.5-1 05 1
(N=20) Micafungin 0.125-1 0.25 1
Amphotericin B 0.125-1 05 05
Fluconazole 0.25-1 05 1
ltraconazole 0.03-0.125 0.06 0.25
C. krusei Caspofungin 0.5-1 05 ND
(N=8) Micafungin 0125 0125 ND
Amphotericin B 0.5-1 1 ND
Fluconazole 32-64 64 ND 100'
ltraconazole 0.5-1 05 ND 50 50
Others® Caspofungin 0.25 025 ND
(N=6) Micafungin <0.03-0.125 0.03 ND
Amphotericin B 0.125-05 0.5 ND
Fluconazole 0.25-4 4 ND
ltraconazole 0.125-05 05 ND 50
Total Caspofungin 0.125-1 0.25 1
(N=107) Micafungin <0.03-1 <0.03 1
Amphotericin B 0.125-1 05 1
Fluconazole 0.125-32 0.25 8 9 7

ltraconazole 0.03-1 0125 05 9 19

*Percent R (resistant) and SDD (dose dependent susceptible) accord-
ing to the NCCLS breakpoints for fluconazole and itraconazole. 'Data
are shown for MIC-2 at 24 h. *C. krusei isolates were considered to be
intrinsically resistant to fluconazole regardless of the MIC. ¥3 C. guiller-
mondiiand 3 C. pelliculosa.

Abbreviation: ND, not determined due to low numbers of isolates.

A oE FRFA] FHSEA ¥E AFH orAMEARAT
A5 AF4 g 2959 A8ARE 52

Y echinocandinAl #A#A9] micafungin®
lElo] Aot A9l Exte] s ¥ 7t
e g7l Aoy HyHy vH12]. Micafungine
SATNA T4 vl AA W 4 e o m[23,
24], AA AlERGuo| B A(HIV) 4 3Ate) A& gt
micafungin X|Eo oJs] &X|He] WAFH LR FHECH25].
olg1gt A7 a#¢ BEo] caspofungin® micafunging o
HhS 749 Hgo] A glom A5l HwA & AY F Atk

oft oN M & > 2
2 32
=
ow o
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T AEel AHer By 12, 17]. £ AFedAE S
HZE PFAANA wEE T 107579 sl caspofungin
7 micafunginell gt A AAE AAE] 2 A3 olE9l
fluconazole®]t} itraconazoled] WAS Hol& 7ot #+-&
o Thepet Ttk wEol AEs €42 1S ¢ Al

EchinocandinA] H#AIE ¥4 2o alEdem 24
/3 ZAtel dhel] o}#) Wk NCCLS 7]Eo] fith FAl7E 4
H Az AU ) HE9) caspofungin® FRFA 7HEA
AAEE 48A17F vk & Ui welle]l H|3l o] &4 JAH F
E(MIC-0) 2 71522 MICE Asto] #=siaini26]. 18
A8AIZH Wi = BE A o Age] Edei aETE Yot
$hds] AAHA W= traiing TFE s MICS] H s #A
of TS FE A7 RAHATH27]. o) HoRle A Est
opd 2 AEo] A Foll o AFOR AL, RPMI
B %] 9]0]] T} 8 A] (antibiotic medium 3: AM3)& AR-3H 7
Sole B2 MICE B 4 JrH26, 27]. w2} caspofun-
gin MIC ZAAtol= RPMI viAE AFLE}H, trailing &2 ¢l
3 MIC7} =4 AR =E 2xs WA 98t MICS] HEF
T2 MIC-0Z #= ARre MIC22 #e A& A%32 9
t26, 27]. B AF)AM C. parapsilosis 257} 24A17F 8j<F &
MIC-07} 1 pg/mLo|QI=t, 48A17F Bk % 16 pg/mL ©4+S.
2 2 F0E% F718, trailing A AT FUIME & 3
At ol old Hé dX k= adelti14]. & AFAM=
AAH S 2 caspofungin® micafungin MIC-2= 2441743} 484
ek $ AR AFe)7h gl ey, MIC-0& 24417+ Aol Hlsf
48X 7 Wik & A} =18t £38] C. parapsilosis®t C.
guilliermondii®] Y¥ FFAXE AA® =712 BT Pfaller
=281 A 7Y FFEH glucan 4 Edwo] FFE9)
thall caspofungin 7FHEA AARS AAJEHY, RPMI HiA] vs, AM3
Hi%), MIC-0 vs, MIC-2 B= 9 24A17F vs, 48A|17F vl ol wh
2 Aolg v FASAtE I A AT WAddETe
7

B

3}
k=i

:l:ﬂ

%

l

P S RPMI HIAE AREate] 24A)17F vjek & MIC-2 A o)
Vg 8ty Hasiith Odds $[29]% oo )@

AT caspofungin A AAF RS A A, 4841
Zh ek At AApAvie 2pelzh Boky, 48A17F Axfe] |3
24N ARY AAMTE A go] Eol 71&AQ Aolrt H 24
A1ZF Bk RPMI #iA] ARS8 A& A A8t

£ A% A caspofungine WA @5 5ol thal] 24417k ol
oF & MIC-27} 0.125-1 pug/mLE HQom Ax A8 75 107
F F 2 pg/mL o #F e fgled, o Ade uE 44
[18, 28, 3013} fAkSH Azdolqith ok #5 caspofungin
of )3t MICso+= C. albicans, C. tropicalis, C. glabrataZ} 7}
wer37(0.125-0.25 pg/mL),
==0(05 pg/mL), Pfaller S[28]1%
C.
Al

—

1:
-

C. parapsilosis$} C. krusei= T
&3] EEEe 759

albicans, C, tropicalis, C. glabratat< caspofungin®l] ta] &
181 7442 el vbH, C. parapsilosis®t Bt TEA] £
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e 29 C krusei, C. lusitaniae 2 C. guilliermondiie= ¥
108} F& o 7ol okskgivt Eaasith

B Ao A micafungine C. albicans, C. tropicalis 2 C,
glabrata®] tall <003 pg/mLe] wj-¢- 22 MICE Hef AR
57K RFA T 7P 7FEd @48 HoFlom, 2447k
48A1ZF MICE o2 BIE[1L, 14, 15]3 2] A< ztel7t ¢
Atk 2 Takakura [15]% 53579 &2 7ohs oy
O 2 48A7F wjek & MIC-0& ZAFS A3}, micafungin®] &
w9 ok gl s g S4S B C parapsilosis
9} C. guilliermondiid A= MICs©] Z+2F 1 ug/mL>} 05 pg/mL
Z oA BT SSith £ A AR 48A17F Bl & MIC-0
+ C. parapsilosis (2057)+ 0.25-2 pug/mL, C. guilliermondii
(3%F) 8 MIC+= 77t 05, 1 B 8 ug/mLEA F Tk 45
et =& MICE Hyo] #ZE ) Ostrosky-Zeichner £[14]
C. parapsilosis®} C. guilliermondii®] micafungin MICE th
Zioch #5ol vl Aoz =2 Aol oz UAS
mgths AA W S22 A 9 SAE flow, d4 AREE
o] MICo| vl Ao = Aztsiqich
2 AfeAe AP A 5 T azoleA A WA
FE Y55 C glabrata®t C, krusei #0) 01, o5 #F
the Al S Hal A o2 W caspofungin MIC (C.
glabrata MICso, 0.25 pg/mL: C. krusei MICs, 05 ug/mL)
9} micafungin MIC (C. glabrata MICsy, <0.03 ug/mL: C.
krusei MICs, 0125 pg/mL)E RStk o]&& 442 caspo-
fungin@} micafungin®] 53] azoleAl 3AwA WA C. albicans
9} non-C. albicans Candida #Z°) e £ A4S Helte=
AA111S AEIAA Fh E3], micafungine fluconazole
7} itraconazoled] W8] 7FAo] AskE dFol A fluconazole
12-85H, itraconazoled] 6H] AE9 =& &AL Holtl= B
[31]9t% fAksh AdE HYoh o] AL o RIER
A A2 JNEE caspofungin®t micafungin®] azoleo] WAj<l
Atk 5y 75l ¢ 744 A amphotericin B A
A Lol AR ke BAE Asskedl F9E AV 2
7Fs/dE B9tk

12 o rlu rlo

F

o Otk
o 7

ZX : Caspofungin} micafungine A4 W 2 AA] el A
Ziejch gl tisl st @48 Hole MZ echinocandinAl
iAot e, oA d=ele] FAAeA EEE
A hAC 2 3t caspofungin@}t micafungin ZHFAlel o3k
AT Ads EIEA gdurh ARES 5 A9 d A
oA Eold 7ot} #+55 O 2 caspofungin@} micafungin

of et AA 9 A AALE AA S minimum inhibitory
concentration (MIC)& ZA}ste] H 9t}

2 Y AACIA FEE 2T 1075(C. albicans 24,
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