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UEAE, bAETIZ X 0 BE I TRISEA 2 i O & Tt
BRSO HiE LTMIC 2 lE S Tw b, MIC
OPEIZITHEES: (NCCLS”, HAEBEK%AY, HA1L
HREERY), BRI HGREBAREC YR LN H D, L
ML, BEFVIERNENHEOEEW THLEHY ZHLE
7RI CTHE T 57280, WERNHEPLENSLIE R 72T T
%, HREERLETERVWRELD S,

— AT RS SRR T I E AL IS X 2 W o HE R
% CCD 7 A 7 T, WEEMML, BEZMWMEEMIL,
TAFET 2 B S, 3 TIC— MM BeAs o MIC #l5E
BT ShTw5,

FHHTEGLIE W CEERICB I 5 ERBER KRS
#WEL, NCCLS BLUHARERFAEIVHERT 2 0bWw 5
e b R, W R ORRRIA FI M & MG L 72

I. MR&LUFEE

1. WfgE, EEEICX S MIC HER

1) gk

SEEICHEMEEHN 74 » 2 5 (IF-8500, Tkegami;
IAT =LY AX25), EHRICTIZIVAF ¥ F— (WS

-RAX-C-P, #—K#H) %4 LB s IMT-
2, VIR WLy Ax1) BHW, #EE~A
y0FL— FDETINVIIOVTIILVAF Y F—%H
LT, voovgez i & L7z 7.8 mm, A 10.5
mm O #iPH % #EAE 240 dot, 320 dot, 256 P& (8 & v
N OigR%E D o zHifgT— % (TIFF 5X) & LTo8
—vJFIar¥a—% (EPSONPC-386LSR, (#k) t
A= -7V V) ZMYRAAL 7ZVAFyF—H#
B S JE P OO TS &0 e HBR I 7 TV
WREENDYEDD L7290, WEIRM % 7 )L gL
10 mm® O [ ROI (region of interest) WIZBRE L7z
(Fig. 1)o BELBILOERIZ, WBET—2I2BIT 50
# (intensity) 72%170 K, & L TERI N B AL
& L7zo Amphotericin B (AMPH-B) & 5-flucytosine
(5-FC) 128175 MIC iZ, ROINPITRTEHLERIN
729/ NBEE, fluconazole (FLCZ), itraconazole (ITCZ)
B X ' miconazole (MCZ) @ MIC & ROI ® 2 o [ f§
AHEIT L PO —VITH L 80% 127 o 7zl /MREEE L
726

R X B4 3-30-1
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10-5mm (64~0.125 ug/mL), ITCZ (8~0.015 ug/mL), MCZ
~ - (32~0.06 ug/mL) % & L 7= [ FP | (RFHIL) "
N xHwiz,
4., HMRNBEORES X OBME
R DB CIIY 70— - FF A b u— RAEREH
(SDA) 2T 2 [nI{k{CE5 2% McFarland 1.0 & L, % —
agg&z;naﬁion . >7‘8mm MM/ F2Lb—%—12XD 10° CFU (colony forming
units) /mL % 7 TOVRIZHEERE L 720
5. RRaEdk
/ ) 35CICTay ha— vy  VEIED 0.15 I23ET S
F T 24 WA S 72 REfIREEE L 72,
whll Range of image processing (10mm?) oM. & =
Fig. 1. Determining the area of the lump aggregation 1. fE#ERE (ATCC #R) 2B 5 MIC

using image processing.

Microscope image data (TIFF files) for each well were
analyzed by dividing the intensity of the light
penetrating through the well into 256 steps of
gradation (8 bits) using a personal computer. The
image data was set at resolutions of 240 dots and 320
dots for 7.8 mm long and 10.5 mm widths, respectively.
Consequently, one image contained 76,800 pixels, with
each pixel occupying 1.0664x10 °mm?®. The image—
processing range for analysis was defined as the area
inside a circle with an area of 10 mm® located in the
center of the well to eliminate mechanical errors.
Pixels with a brightness of 170/256 gradation steps or
more were displayed in white, while the remaining
pixels were displayed in black. The area of the lump
aggregation was shown by the black pixels.

2) WEEY

HEBEOWEIZHAERLEFROFEIZ L7zh v, Wl
SEEHIC 7 L — b I ¥4 — (EM-33, TAITEC) T1
EIRERE, &Y I VvoBEEI A s7aTL— Y —
% — (MTP-32, CORONA ELECTRIC) I & % ¥ —
Yoot (W 630 nm) OWIEHE & h & L 72 AMPH-
B B X U'5-FC ®» MIC & 7 = )V N & W5 B A% OD i
0.08 L —H L7ZRE, 2 bbeEeRH MILRE, FLCZ,
ITCZ BLUMCZIZOWTIRFEFI Y ba—L 0D 80%
ZRIET 58S L7z,

2. XNRH

1998 £ 7 A5 1999 4 6 H £ T 1 4EMIC MK &
D 438X 72 Candida 60 ¥k (Candida albicans 22 #%,
Candida glabrata 10 ¥, Candida parapsilosis 19 #%,
Candida tropicalis 9 %) & HARBEEWFXFELER
ST BT 5 MIC 52 332 L #E 4R C. albicans (ATCC
90028), C. albicans (ATCC 90029), C. glabrata (ATCC
90030) , C. parapsilosis (ATCC 90018) , ¥ X U Can-
dida krusei (ATCC 6258) @ 4 Wil 5 ka5 & L7z,

3. PLEWIEOME L YR

¥4 787 L — Md7 T VIZ RPMI 1640 55 & i E
W3 AMPH-B (16~0.03 ug/mL), 5-FC 5 X U FLCZ

1) C. albicans (ATCC 90028)

Wi {33, @& E %o MIC & AMPH-B % [ % 5-FC,
FLCZ, ITCZ, MCZ TiZ3XTCT—3 L7z (Tablel).

2) C.albicans (ATCC 90029)

i {4 3%, @& B o MIC (X AMPH-B, 5-FC, FLCZ
T —F; L7235 ITCZ TIZM o MIC X 181K <,
MCZ TidA %< L 1% HED -7 (Table 1),

3) C.glabrata (ATCC 90030)

AMPH-B, 5-FC, FLCZ, MCZ I B\ Tl o
MIC F&HEEIC L H-MMETH o 7248, ITCZ TId#EDS
o7z (Table 1),

4) C. parapsilosis (ATCC 90018)

5-FC, FLCZ, MCZ T i g & & Bk o MIC 12
#2037 {, AMPH-B T3 EEICRMEEEIIEKL,
ITCZ T3 #ZF D> 72 (Table 1),

5) C. krusei (ATCC 6258)

AMPH-B, FLCZ, ITCZ, MCZ \ZB\WCHifgk, &
B O MIC (22 1E % 2o 7245, 5-FC T W {0
MIC (& B, DT o7 (Table 1),

2. FRIRHERRIC BT 5 MIC

1) C. albicans

AMPH-B, 5-FC, 231} % Wi gk O MICy I& & B
FIHRE 9 o 7228, FLCZ, ITCZ, MCZ ® MICqy I
X7z (Table 2)o

2) C. glabrata

AMPH-B 125\ TE{{§E D MICoo |3 FEEE I G
» o 7273, 5-FC, FLCZ, ITCZ, MCZ Ti¥§ X T—
H L7z (Table 2),

3) C. parapsilosis

AMPH-B, 5-FC, FLCZ, ITCZ, MCZ 23\ T H
1 L BEEHED MICo 139 XT—H L7 (Table 2),

4) C. tropicalis

AMPH-B, FLCZ, ITCZ, MCZ \ZB\CTHlifgk & &
JED MICso 13 —3 L7275, 5-FC TIXW{GEL»H T 0
IZ&iAr o> 72 (Table 2) .

3. WL L WIRHEIZBIT S MIC O
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¥ 9| @ < Y Table 3. Comparison of MICs measured using spectrophotometric
& s 8 i E E E é 9 and image processing methods
g = Z el s S5 3 Di of MICs
a \?\ Mie |2 2w S Strai Antifungal iscrepancy
train
agent 0 +1 +2 +3<
wn
S| < AMPH-B 5
S 5-FC 16 5 1 —
5 —
= L? 5 5 9 2 N N | - :~§ § FLCZ 21 1 _
=|s <7 T2 ez 21 1 — —
0 S% Moz 20 2 — —
S
212 2|4 2|2 gL 2 total (%) 83(75) 17 (15) 10 (9) 0 (0)
g 8 8|18 & 3 LS o
e ele Sle s|° ° AMPH-B 7 3 — —
! 5-FC 10 — — —
I 3 o o
3 ] &8 < § FLCZ 7 3
S| 10 N N =08 o
Els | Vs 5|7 T TS Imez 10 — —
§ 2 © ™ Mcz 9 1 — —
S| = m‘% © © 0 0 Te} g g g ;
z % S 3|S S|s s|e @ total (%) 43(86) 7 (149 0 (0 0 (0
3 AMPH-B 11 7 1 —
w0 <t ~f B
g 18 5| 2T T I 2 B5-FC 18 — 1
& 212 219 2|e 4 S $ 2 FLez 16 3 — —
NS S|l SIS oS T3 3 ) B
3 v 2 & 1TCZ 18
s S 2 18 1 — —
E 2 S5 Mez
3| ; R I B total (%) 81(85) 11 (120 3 (3) 0 (0
Q
O —
% Bl 2w ol w AMPH-B 5 4 —
= R R Rl , 5-FC 6 3 — —
3 = S % FLCZ 8 1 — —
E 2] 2 ] gélmz 8 1 — —
E /1 2|8 8| 8|3 B S & Moz 8 1 — —
2 i} N . . N
£ § E . Vo S Vi 2 i = total (%) 35(78) 10 (22) 0 (0 0 (0
[ =) S
E? oo ! v % Total (%) 242(81) 45 (15) 13 (4) 0 (0)
& Q
%D 2l § § § § § S § é AMPH-B: amphotericin B, 5-FC: 5—ﬂucytosme.,
E S| S| Slg ¢|s ¢ S FLCZ: fluconazole, ITCZ: itraconazole, MCZ: miconazole
Slo|=]° W(v W v | g
() = *
& 9
S|Z 22 22 312 21§
% = S S|l S| o - L o o ’
S| |F[W W W)W W W I R 43 Bl #R 60 #RIC BT, HAGRIIL DS he
= s 5 s ™ - = .
é e 8w g8 &8 8| g MIC % i\ Wi {%: & 3% OB 2122w TRE L 72
S R R R B R S i’ i ‘ o
i 83 3|2 5/2 2|82 ¢E (Table 8). # Bt & b7 LA 75% BLEE <, C.
5 © N ol 3|3 3 T - o _ )
% ; = s s & S AR ié glabrata & C. tropicalis TIXZEN 1ELUHNTH - 72,
. . e 1 st N
! g — 75 C. albicans & C. parapsilosis |23\ T 25F 2Dl
Slalg)z 8|z 88 85 5|2 FREREN %, 3% B e EF, WHAE B
= 23S Ss|S sl Z“ls s %
] | =} [=} = = &5 ‘ )
“lE| T el e 13 1 % — B BT b o 72,
2 10 ™
Eoggﬁﬁﬁfzﬁt . % ES
23 < : s s o | £ . i N
= - : 1 MIC B2 54 5 Wi D RERL & 45
g g E . . SIEE Y N
T Elg 2|8 Bz it BRI O M R B L 2 WL O
BRI D X " iy 2 EAHEE &
§ |E E|E E|E E\E E|M CREWEZE SR, JEAE T MIC % v 72 1
2 2 g 2l
‘:‘ %ﬂ *:'3 éﬂ *:'3 éﬂ *:g éﬂ *:g k|< ncws 20~22)O
g g - N - ] 2 3 ) -
BRI EEEE R HLE B 0 MIC 542 T 5 B3 A s 12 1
g E £/ 8 2|8 2|8 2|« . R w1 b g e
i ls 5le Ble By B|E Bk, BICRERS RO EHE, RS 245D,
g g2 3 2 Oy AHE A%
SR AN Y HHBTIE 1T NCCLS & H AT B & A 385 %
- B - “ “ g J N N N > 3 TRE
’ ’ g HEEPHWON TV S, HERIIBIT 5 HIEHEREM
8 n . - ., N . 2 S
s |S8|3¢ 8|38 |9 &, WUk, Is0EEbE) 2 HEE 23V EE
8 i < 5 S % .ﬂ' = NS 2y N W,
5 533 58| 558 T & DT D75, HERNC Y TV ORI A B
® ST |dw|S§5| S8 |2
[SH

HLTEHY 2 ALT 2 LEDDH 5. FFITE D Z2BI5E
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DOIRTATH HEETIZ, BIg8 OHIERe ) A3 ME i RIS
BI5-9 57, &E#EEZRLE CRIT 2 &8 T,
WEREROMGED T E R WREDPFET %o

AWFFE TR BEMS CCD &1 2 J % i CREIL % i)
WLTI o= Ak, WG T 55X
D WHB A EZIT - 720 R B R RA 0 558
TR TIRBRISHENTEY, YT VNICH HEEH
DORES LB R EDOREE CCD /7 A 5 THE L,
av¥a—y CTERLL THBERERKEZHET S, £
D7z, WERIY TV 2 #5588 % <, WE
Wxh A AR QPR TR RS H 5. Lo L, $
IR SN2 CCD 1 * I ANERBEIT 57 TV &k
WLTIT) 7280, Hogo#ETI W vl X 5
HUMZ S NAVE L, BEESRE LR e A2 %
RIEDD B HEHOIIEEVLET BB, U MERoH
DRI T 2HEICER L, 7 )V L ER® 10 mm?
WERERA E L THICKE L7 MICEA R 5 5 X
I E L7z

1998 4, FKEHIXZOEEE WV, HBELAICH»
OO THEMNERFICIEIHRET 2HEED B
ATCC ¥ Candida ® MIC Z M CMENRTE 72
T LEMELEY, prSUEOLENEETH - 72
Tx, REEDEHRRE R E U7 H 2 MR BRI
HFHTHD EHWL, AWFZEICBWTEH L,

2. EWED: L EREOE

NCCLS x AW 7E T L 72 C. albicans (ATCC
90028), C. albicans (ATCC 90029), C. glabrata (ATCC
90030), C. parapsilosis (ATCC 90018) 3 & ' C. krusei
(ATCC 6258) 1Zx3 %5 AMPH-B, 5-FC, FLCZ D%
BEHEICLAMICE 2K LY, HAEEWSS D C
krusei (ATCC 6258) %Br\723XCTOHEMED AMPH
-B, 5-FC, FLCZ, MCZ, ITCZ )% % MIC #/R L
TW5Y,C. albicans (ATCC 90028), C. albicans (ATCC
90029), C. glabrata (ATCC 90030), C. parapsilosis
(ATCC 90018) 28!} %5 AMPH-B, 5-FC, FLCZ ®
MICIINCCLS t HAH W F# XD A KB L O
NCCLS AFMEICBIT %% I 7 1l (NCCLS M 27—
T) L@~ 270 (NCCLS M 27-P) OMICET D
MED SN D, KBFFEIZHB VT MIC 25 NCCLS M 27—
TORFME K L72b O WmgE:, ®WEEE D 9IBK
e RIRL D olze HAERNFERRFME D—
B B 20 Mo 17 MO IS He X 5 20 Rk b
14 WK & R TR o 720 — RISV 2 R 72 8
HELT, WgETIRROIOFT— % ZHWHIZD S
F M —AY1Z intensity 170 BL_L & Rl IC/4E L, 170 %k
Wi BEFIR U CRERERE ER/ L2 5 LT
WwWhtEz bz,

BRAE 2 05 & L 72 {530 & % B ) MICso & MICoo
DHBIZE T, MICy HA—F L7235 Did Table 2 2R

T TE L 20 MoMkd 17 #l, MICs Tl 16 Ml TH
D f:o —‘:zl‘:),[ L &75“’) f:fﬁﬂ‘i@ MICsO, MICQ(} X & %) (l:@
BENEMETH -7z, LA L, TORMIHEDORMEL
PLEREEIIH T 5 —EOBMIE A S N Candida DA
WMHEMERREIC LD DL EZ SNz, —T7, HifREL
& %o MIC O Fe# i3 C. albicans ® AMPH-B % F&
ZIZF1ERZDUNTH -7
AWZETEHR L, PIERHED MICHEICHWON D
WELOEEE, CCD A A7 2 L CaMili3 5 i %
BEOHMMEZBE L7z WfEEEIC X 5 ATCC Hb L O
FRARARICX 32 MIC (&, fERDEEEFIZHEY] 2%
Eaho7ehs, —EHOWIZHE WV CHELI G4 —EIC
LTwZzo L b b BHDE 2ROz, L LEiE
ik, TEROEELETUAETD - 72 E T ORI A
PEET%R L, WEIRDMRGEDE S 70 K s E DR D
5728, WHIZ X 2EGUEEGDE SR8 %21TH
ZEiZLy, BRTOMICHEREE LT—RAHED
EmWRAEREZZ N, #EY (NCCLS"”, HAER
WHRY) LML Y EEMED S MIC O #l E 12
FHTEDEHEING,
X L7y
1) Galgiani J N, Rinaldi M G, Polak A M, et al.:
Standerdization of antifungasusceptibility testing. J.
Med. Vet. Micro. 30: 213~224, 1992
2) Johonson E M, Warnock D W, Luker J, et al.:
Emergence of azole drug resistance in Candida
species from HIV-infected patients receiving
prolonged fluconazole therapy for oral candidosis. J.
Antimicrob. Chemother. 35: 103~114, 1995
3) P ' MEEAZ O DR, EE ARG 74
391~393, 1997
4)  HINFEESC, WE K RAEVEECEE O BR. BRMRAE
43: 140~148, 1999
5) JNEETF, HF M EAIWTERAYE, VAT 72
G —LBWDORL VN, H VY YL PR 1: 40
~47, 1998
6) National Committee for Clinical Laboratory Stan-
dards (NCCLS): Reference Method for Broth
Dilution Antifungal Susceptibility Testing of Yeast:
Proposed M 27-P, Pennsylvania, NCCLS, 1992
7) National Committee for Clinical Laboratory Stan-
dards (NCCLS): Reference Method for, Broth
Dilution Antifungal Susceptibility Testing of Yeast:
Tentative Standard M 27-T, Pennsylvania, NCCLS,
1995
8) IIEd, WHIBA, AR Ob, i HRERERKZS
EHE LR R S (1992~1994) . H AR % &5k
36: 61~86, 1995
9) HEHEET, WMH & AEE&TF, b HRLSHRE
FRPURERZ N BT RS®E . HIbHRRE
38: 101~105, 1990
10) Pfaller M A, Vu Q, Lancaster M, et al.: Multisite
Reproducibility of Colorimetric Broth Microdilution
method for Antifungal Susceptibility Testing of
Yeast Isolates. J. Clin. Microbiol. 32: 1625~1628,
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Assay of MIC for Candida by modified endpoint determination

—Comparison with the method using turbidity—

Akiyoshi Shibata", Takeshi Suzuki” and Masahumi Fukuyama”

YClinical Microbiology Division, Mitsubishi Kagaku Bio—Clinical Laboratory, Inc., 3-30-1 Shimura,
Itabashi—ku, Tokyo, Japan (Formerly: Department of Clinical Laboratory, Nippon Medical School
Tama-Nagayama Hospital)

?Department of Clinical Laboratory, Nippon Medical School Tama—Nagayama Hospital

¥Department of Microbiology, Azabu University

Although the MIC of antifungal agents is usually used as the recommended treatment dosage,
determining the MIC using the turbidity method requires stirring and is non—quantitative. The newly
developed imaging method for measuring MIC, which utilizes a CCD camera, does not have these
drawbacks. We investigated the usefulness of the imaging method for measuring MICs for define and
clinically obtained fungal strains by comparing our results obtained using the imaging method with those
obtained using the standard turbidity method recommended by define and the Japanese Society for
Medical Mycology. Using Candida albicans (ATCC 90028), Candidae albicans (ATCC 90029), Candida
glabrata (ATCC 90030), Candida parapsilosis (ATCC 90018), Candida krusei (ATCC 6258) and 60 other
Candida strains (C. albicans: 22; C. glabrata: 10; C. parapsilosis: 19; C. tropicalis: 9) isolated from
blood, the MIC of various was measured using “Yeast FP” (Eiken Kagaku). With this method, antifungal
agents the attenuation of transmitted light produced by yeast aggregation was recorded using a CCD
camera attached to a microscope. The intensity of the transmitted light was then determined using image
processing to obtain the growth area; the growth endpoint was then determined from the growth area, and
the MIC was calculated. The MICs were consistent with the values published by NCCLS M 27-T in six out
of nine samples measured using the imaging and turbidity methods. However, the results of the turbidity
method were more consistent with the values published by the Japanese Society for Medical Mycology than
the results of the imaging method (14 out of 20 samples for the turbidity method vs. 17 out of 20 samples for
the imaging method). The differences between the imaging—measured MICs and the turbidity—-measured
MICs were within one standard deviation of each other for all clinically isolated strains expect for C.
albicans and C. parapsilosis; thus, the two measurement methods were highly correlated. MIC
measurements in clinical isolates using the imaging method were not significantly different from those
obtained using the conventional method. In view of the simplicity of its procedure, the imaging method may
be very useful for calculating the MIC of antifungal agents in clinical isolates.



