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ME

Background: Antifungal susceptibility testing methods are relatively expensive and laborious and

are not easily applicable for screening purposes in routine laboratories.

Objective: We have developed a susceptibility screening method by adding fluconazole to Sabouraud
dextrose agar (SDA) plate. In this study, SDA plates screening was compared with the Clinical and
Laboratory Standards Institutes (CLSI) broth microdilution method for determining fluconazole

susceptibility of Candida spp.

Methods: A total 186 isolates of Candida spp. (134 C. albicans, 24 C. tropicalis, 15 C. glabrata, 13
C. parapsilosis) were tested with the CLSI document M27-A2 method and fluconazole-containing
SDA plate (0, 8, 16 pg/mL of fluconazole). By this method, colony count and diameter were read after

24 hr of incubation.

Results: Fluconazole-susceptible Candida spp. are significantly smaller (<50%) on SDA with
fluconazole than on fluconazole-free SDA. On SDA with 8 and 16 ng of fluconazole per mL, 80.7%

(150/186) and 87.1% (162/186) of isolates were correctly predicted, respectively.

Conclusions: These data suggest that the fluconazole-containing SDA plates can be used as a routine

screening procedure for susceptibility of Candida spp. in clinical laboratories.
[Kor J Med Mycol 2009; 14(1): 16-22]
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<, C. tropicalis 247, C. glabrata 157, C

parapsilosis 137-)¢] Candida %< o=
shglom, EweE A% EF #FLE C

parapsilosis ATCC 220192} C. krusei ATCC 6258
@7 AHgelgich 9 o) #FEE SDAC
Ay wekate] wolgk AlH
Fe 7z 2 Vitek 2 system| Yeast Biochemical
Card (bioMerieux Vitek, Hazelwood, MO, USA) &
2 olgsle] FAsT

, cornmeal agar©l| A4 2]

2. SDA HIX|E ArE$t fluconazole L4 ZM

gh=3}o] 2, Korea) <Y
& At FHN 10,000 pg/mLe] FE7F HES
HS mo] AFzd T 1 mLy w581 -70T
of B33} t) SDA A viA]:= fluconazole |
T F=7F A7 0, 8, % 16 pgmLo| HEE A
Zoto] 1FY7HA] W Bakeba A ARSI

Fluconazole W/ M-S 913k 5= SDA
2 Al wjdste] 0.85% GGl o] # 4
2 % 0.5 McFarland B2 W31, Hit S/HSG
= 1,0000 2]Aste] 3714 5
SH-F SDA HlA|ol] 20 uLA E53}9] loop=
v el =ar z kel 35Tl 244111 b
& Foll ekt JgariE Al

%, Candida spp.©l*] SDA ®IX|& A3
fluconazole W43 7 A2 fluconazole®©| %7} A
& RS 7|Eo 2 3} fluconazole©] 83} 16
pg/mLo] H7FE wjAo A e [kt 1 o]
wasAY JHFA717t % olskl B 2
A o2 wg3tel o™, CLSI broth microdilution
3} wlatele] 71T} (Fig. 1).

Fluconazole (Diflucan,

=9] fluconazole©]

3. CLSI broth microdilutiontd (M27—A2)™

RPMI 1640 A= L-glutamine®] &1+
RPMI 1640 2 1%5-#], MOPS (3-N-morpholino-
propanesulfonic acid) 34.53 g, glucose 2 g= 800 mL
ZHol 59 5 1 mol/L HCIZ pHE 7002
3 SHFTE 98k 1,000 mLE T 7

o7} (vacuum filter)slo] 4Tl Bl ARE-
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oA fluconazole MICE= 8 pg/mL ©]3fo|H 7<=
73, 160141 32 pg/mL Apelol™ o8- oFE Zh=
ZJ (susceptible-dose dependent, SDD), 64 ug/mL ©]

)

8 ug/mL

16 pg/mL

0 pg/mL

8 pug/mL

16 ug/mL

Fig. 1. (A) Fluconazole susceptible Candida spp. on SDA plates containing 0, 8, and 16 pg of fluconazole/mL. (B)
Fluconazole resistant Candida spp. on SDA plates containing 0, 8, and 16 pg of fluconazole/mL
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HeEHE fluconazole WS A48 79 CLSI
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H oA 44T (2.3%), 16 pg/mLo] A7 vjA] o]
A 183 (10.3%)5Fe] A o= s r]of 27}
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8t Candida =2l Fluconazole LHA 2444

o] 753kl (Fig. 1), fluconazole©] 8 pg/mL
A7 el iAol A= fluconazole 743 175¢
% 141315 (80.6%)7F 74543, SDD 51 5 3
w9 WA 695 EFolA vz ez e
U F 1867 T 1507 (80.7%)°N 4 L5}
£ A3%E Bt} &3 fluconazole©] 16 pg/mL
A7 e iAo M= fluconazole 743 1750
% 15330 (87.4%)7F 74543, SDD 5¢+ 5 3
T U 6xt EolA vz o2 vEL
U E 18605 = 16205 (87.1%)°14 CLSI

broth microdilution® ¥} 74 A3 L X33

A4 #5of 23 fluconazole A AL & t}. CLSI broth microdilution® ol A= 743014
7Fs8k3iT. O} fluconazole 37} SDA wiR|ol| A w744
2. Z2t37(0] 9t fluconazole LHA 2 . %%on AT B9l @A e
&8 593 RIEE, fluconazole©] 8 pg/mL

12} 7] 2 fluconazole WAJ-S A18E 49- A A7Fe wjF] ol A= (3475 C. albicans 18.3%, C.
23717} 1 oletR Aket VS A8 uf w tropicalis 13.0%, C. glabrata 75.0%, C. parapsilosis

Table 1. Distribution of 24 hr broth microdilution fluconazole MICs for Candida isolates evaluated in the present study

No. of Isolates with Fluconazole MIC (ug/mL) of:

Species (No.)

=0.125 025 0.5 1 2 4 8 16 32 =64
C. albicans (134) 18 25 28 46 12 2 2 1
C. tropicalis (24) 2 3 6 7 3 2 1
C. glabrata (15) 1 1 4 2 1 1 5
C. parapsilosis (13) 3 5 3 1 1
Total (186) 18 27 35 58 22 10 5 4 1 6

Table 2. Correlation between decrease in colony diameter observed on fluconazole-containing SDA and CLSI interpretive
categorization based on broth microdilution fluconazole MICs

No. of Isolates in Test Conditions (ug) of Fluconazole®

Categories”

(No. of Isolates) 8 ug/mL 16 pug/mL

<V > <V >%
S (175) 141 34 153 22
SDD (5) 2 3 2 3
R (6) 0 6 0 6

*Fluconazole susceptibility categories: S, susceptable, MIC of <8 pg/mL; SDD, susceptible-dose dependent, MIC of
16 to 32 ug/mL; R, resistant, MIC of >64 pg/mL.

®<14: typical colony diameter <50% of the diameter seen on fluconazole-free SDA agar.
>15: typical colony diameter >50% of the diameter seen on fluconazole-free SDA agar
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7.7%33 1L, fluconazole®] 16 pg/mL 718 vl =]
A= (2275) C. albicans 9.9%, C. tropicalis 13.0%,
C. glabrata 62.5%, C. parapsilosis 7.7%%t}. SDD
575 5 83 16 pg/mL2] fluconazole©] 3 71&
SDA A A Rl FHpd o ® vEh &
IS Kl 295 CLSI broth microdilution'!)
© 2 MIC7} 16 pg/mL o2 5% C. tropicalis}
C. glabrata%l o™, 53] & Aol AFEH 675
o] WA o= 2714 529 fluconazole©] 37}
¥ SDA AA wjR|e A B RO R s
%o CLSI broth microdilution’ A3} =5 &
XS}t (Table 1, 2).
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SDA Bix|el] 27}4] #%=9] fluconazoleS 3713}
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2 fluconazole WA A& A:=stlom, et
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T2 TEE ZXQ] fEow Aidn =
gk SDD 55 5 MIC7| 16 ug/mLS! C. albicans
2959} 32 ug/mL?) C. glabrata 175+ 2714
5529 fluconazole 7} wiA] BFol| A v]ZkRAg
o8 W=HG oY, YA 29T 27 FE
9] fluconazole 7} viA] Bl A h4dES B
of Bz R HAEA] eEdth e
Aol AFEE 632 fluconazole WA
MIC7} B 64 pg/mL3l C. albicans 13752} C.
glabrata 572 2714 %2 fluconazole 37}
iRl Al B HEd o8 vERY, A
Tt A o2 BEE S very major errors K
ol A& ATt Z¥EE fluconazole 7}
SDA %]l A fluconazole WAl A% ole}
rrado]l Aste dE AAsE] iAo
@& 9] SDD 5 U= SDA A4 i
o] 874 E<lo] Fad Aow ATk

A 74| Candida spp.l 4] fluconazole W4
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i Y Candida spp.2] 4 4] Al 71
gk 2kA |l %] (CHROMagar Candida)ll flucona-
zoles H7Fete] AlmElom Hetar|2 i
SFTHE o]5 Bl A= MICT7} 8 pg/mL V]
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Cartwright "= fluconazole 7454 C. albicans®]
100% (47/473t7)7F A &3HA| F/d o= A
3L, MIC7} 8 pg/mL ©]38k2] C. glabrata®] 95.7%



0l01& S: Fluconazole Bt AIBEZ2HAEZ QA &HA

(66060757} A o Aol FAo 74}
@ Taa SabERn o $oeitha waelg
oh. el wa wA s wA AhA o] ARekA
oo} ulg EHA Wol A EEHIA ek
AZEY. B ATl E BEEAETe A4
Qs A WA L8R 7)E i e
Ao WAHAE, o &R vlX, vl
7 E s 7|20 Ao] WEOR F2d B 4

slow, FF o we el #rold Bk 1
Q
Al

_1

4

il
e

AeFow W HARolA Xt vike] A}
WA 2 ARS8kl 9l SDA HliA]dl| fluconazoleS:
= A= 2 A4S &S,
CLSI broth microdilution'H 7}
EYAE Hole dFv AMANE giF-E e
A #F7F vz o2 #5150 fluconazole

=

7} SDA A= Uuk ARl A ghEaka A
2
[e3]

o

=4
34 fluconazole HAd A= 9= 8

&3 o A2EI0,

s

2 =

o}z 744 Candida w5l that A 74
A xR G RS AEX
Atk olo] i AFelA= ARk B vAE A
AP o A o] 2hAskaL 414538 fluconazole WA 7
g flate], 2Hs i AllA ZE]E Candida
T2 A fluconazole©] F7}E SDA vIA| = A&
@ U BN RSl 1 84S B
A s,

Candida spp.©l A fluconazole®] 83} 16 pg/mL
o] X7}¥l SDA WA & AR&ato] Alkeakglon,
CLSI broth microdilution ¥} W] 1s}e] th-23} 7+
< ARE 4]l

1. 2714 59| fluconazole©] 371 SDA Hj|
Ao A Heh F5ol] 9§ fluconazole W4 7
Ao BVl

2. CLSI broth microdilution™ #} H| 13}, flu-

BiXIE ALZ8t Candida 2| Fluconazole LHA 244
conazole®] 8 pg/mL F7}El Hl]o A= 80.7%,
16 pg/mL H7FE viA] ol A= 87.1%14 73
A7} A3 16 ug/mLe] fluconazole©] 37}
H wjAE A8 W broth microdilution' ¥} &
Aol EdTh

3. BYX| ¥+ fluconazole®| 83} 16 pug/mL
A7k WA 22 e @ (1757
v o2 fEE A9t 34T} 229

o

RE 2dFH o, WA #F (60 BT 4]
Aoz F=FH)

o|Ake] AyE E35te], SDA A

(e} = = [
CLSI broth microdilution ¥} EUX|E Holi= 1
T UAR i A T HIREEA S
2 559 fluconazole 37} SDA BiX|= Atk
AAP el Al 2HAskaL A H 3k fluconazole WA
ANE AL & e 783 o= A7tE

Atk
REFERENCES

1. Vandenbossche I, Vaneechoutte M, Vandevenne M,
De Baere T, Verschraegen G. Susceptibility testing
of fluconazole by the NCCLS broth macrodilution
method, E-test, and disk diffusion for application in
the routine laboratory. J Clin Microbiol 2002; 40:
918-921

2. Rex JH, Pfaller MA, Walsh TJ, et al. Antifungal
susceptibility testing: Practical aspects and current
challenges. Clin Microbiol Rev 2001; 14: 643-658

3. Asmundsdottir LR, Erlendsdottir H, Gottredsson M.
Increasing incidence of candidemia: Results from a
20-year nationwide study in Iceland. J Clin Microbiol
2002; 40: 3489-3492

4. Mcneil MM. Fungal infections. In: Mayhall CG.
Hospital epidemiology and infection control. 3rd ed.
Philadelphia; Lippincott Williams and Wilkins, 2004:
685-707

5. Kim TH, Chung DS, Lee MK. Risk factors for
Hospital-Acquired Urinary Tract Infection due to

-21 -



O

K

EERESE

i

Xl M142 H1= 2009

Candida species. Kor J Med Mycol 2007; 12: 156
-162

6. Hospenthal DR, Murray CK, Rinaldi MG. The role

of antifungal susceptibility testing in the therapy of
candidiasis. Diagn Microbiol Infect Dis 2004; 48:
153-160

7. Pfaller MA, Diekema DJ, Procop GW, Rinaldi MG.

Multicenter comparision of the VITEK 2 yeast
susceptibility test with the CLSI broth microdilution
reference method for testing fluconasole against
Candida spp. J Clin Microbiol 2007; 45: 796-802

. Lee MK, Kim HR. Evaluation of disk diffusion test
with glucose- and methylene blue-enriched Mueller-
Hinton agar for in vitro susceptibility testing of
fluconazole against Candida isolates. Kor J Lab Med
2005; 25: 247-251

. Joung YH, Kim HR, Lee MK, Park AJ. Fluconazole
susceptibility testing of Candida species by flow

10.

11.

12.

cytometry. J Inf 2007; 54: 504-508

Clinical and Laboratory Standards Institutes. Reference
method for broth dilution antifungal susceptibility
testing of yeasts. Approved standard M27-A2, 2nd
ed. National Committee for Clinical Laboratory
Standards, Wayne, Pa. 2002

Patterson TF, Revankar SG, Kirkpatrick WR, et al.
Simple method for detecting fluconazole-resistant
yeasts with chromogenic agar. J Clin Microbiol 1996;
34:1794-1797

Patterson TF, Kirkpatrick WR, Revankar SG, et al.
Comparative evaluation of macrodilution and chro-
mogenic agar screening for determining fluconazole
susceptibility of Candida albicans. J Clin Microbiol
1996; 34: 3237-3239

13. Nelson SM, Cartwright CP. Detection of fluconazole-

resistant isolates of Candida glabrata by using an agar
screen assay. J Clin Microbiol 2003; 41: 2141-2143

-2 -



