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Current Status of Antifungal Suscepitibility Testing: Technical Advances
and Clinical Applications

Jong Hee Shin
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e ot 5 A9 Nzt F7Hge] wet
Bl ¥y ‘do] A 7= ATHI-3]. A4l
A Ad3de xzoE 98l =<¢F amphotericin B2}
flucytosine7Fo] AF-g-%] o] gko 1y} g ol & itraconazole,
fluconazole = o] ol %= A % triazoles

(voriconazole, ravuconazole & posaconazole)¥} echinocandin

ketoconazole 2

)| #| (caspofungin, anidulafungin 2 micafungin) % CT}F3F
R A7} N EE o] YA Q] A HAME B3] dE o]
7Feall A TH3] 30 A9 A E 5 Aol A T S A
kA o] % 7ht] v} (oropharyngeal candidiasis)e] 2| 85
Q& fluconazoleS #7] Fol3+ 7 - fluconazole WA
Candida albicans”} &g tt K 1[4, 518 o upe} g7
oA WA e A& Fasisint webA dxldA 24
HAAbE 22 & 2AHE Bola Qlrh6-11].

PR TA AT A AR g Ald g o] e A
o] 717 & FEA| =], NCCLS (National Committee for
Clinical Laboratory Standards)ol] 4]+ 1982\d Y-&] %1+
A AALE 213 29U3E FA435t =85 3 A7,
1992d broth macrodilution' 2 7] & 3+ M27-PH[6]S
EA8F8E ar, 1995 ol & Kt} Abg-o] 29 3 broth
microdilution®] o] E&H M27-TH[7]S, 18] 1997d
dE B2 ZAY] #HFEAQ M27-A (approved)E &
X [8]13}$d TH(Table 1). NCCLS| A = 199813 A4S 2+
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zole IR A 44 HAbe 434
AHRE AT 4 UTHS, 10]. NCCLS 49 3] ol A =
2 e IR T A #H A A B E(minimal inhibitory
concentration, ©] 3 MIC)9} 917324 A z}ele] HA & 4]
&}o] fluconazole¥} itraconazoleol] tf g+ MIC breakpoint=
A Al 8} 1t} (Table 3). ©] & NCCLS macrodilution¥}
microdilution® & 7] & ©. & 3+ 7 o] fluconazoled] tf 3t
A e A g AR oo e A &5,
fluconazoleol] AFA WA S zt=tha <422 C. kruseio] =
A gu x| ¢t} I itraconazoleol] o gk MIC breakpoint
a2 Ak gho) of 7hed ol v A 8- T}H(20, 21].
Fluconazole®] MIC®} <1734 A 1ofo] #A o tialA =
B2 AFEol AldEHAE, ole T2 £ WY 23
Z Ao AT B uES Fe 2 st IITEA
7F4=A) 7 A= NCCLS macrodilution® ©] Y} microdiultion
o2 AYHATHL, 2,9, 10]. o] ZHES THH
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Table 1. Key features of NCCLS methology for antifungal susceptibility testing of yeasts

Vriable

NCCLS Standard

Yeast, M27-A *

Method

Inoculum preparation

Inoculum concentration (final)

Test medium buffer

Incubation

Temperature

Time
Minimum inhibitory concentration
(MIC) endpoint determination

Macrodilution (final volume, 1 mL)
Microdilution (final value, 200 )
Spectrophotometric adjustment with use of
0.5 McFarland turbidity standard
0.5t02.5 X 10%cells/ml

RPMI 1640

Morpholinepropanesulfonic acid (MOPS)
pH,7.0

35T

48h (72 h for Cryptococcus neoformans)

Optically clear for amphotericin B, ~80% reduction

in growth (macrodilution testing with azoles), prominent
decrease in turbidity (microdilution testing with
flucytosine and the azole antifungals)

* Method is published in NCCLS document M27-A [8].

NCCLS, National Committee for Clinical Laboratory Standards.

fluconazoleS Al€3 S wjo] A4 N5 AHAFELS
fluconazole MIC7} 8 pg/mL ©]3}¢] 73 9= 97% = v $ =
o} 16~32 ug/mLSl 73 -+ 82%, ~12] 311 MIC 64 pg/mL
o]dRl BFE AFEC] 60%= 22 A FFHastHt.
w}e}A] fluconazoleo] tj) &t ¥F-8-& MICS} k&2 T 71X
7} &7 B E & Aoz AHZLE T3], E itraconazole<
AHE-Ee W o] ]l A %]E QZEL MIC7} 0.12 pg/mL
o]}, 0.25~0.5 ,ag/mL 1 79 9 1.0 pug/mL o] Aol 7S 7}
7} 90%, 63% 2 53% = 4 4 917 723} CH(Table 3). 7+
oSS v &3 5 1Y gS gako A fluconazole
W AA T QA Akl e A7 E g E L
[21, 22], Lee 5[22]-2 fluconazole (400 mg/d)S Al-8-3}<]
A 83 A 2G5 9 7Yt} #F 7} fluconazole]
71— Aol A= 79% (19/24), OLQ.a]: 9]2&/\4 71—/\/\4 o]

e T=
7 E 66% (4/6), 123 WA ASdlE X fE o7}
AATHO0/2)3 B33} k. NCCLS 4§ 3] ol M &
fluconazoledl| t] &l MIC 64 pg/mL o] Aol WA <, 16~32
pg/mLQl 79 kg o]& 7+ LS a1 8 pg/mL o]
skl A= AT E = —4‘3] 3}, IE itraconazole©]] T} &j A]
F4,0.25~0.5 pg/mL]l 73 ¢ <k
I 1 pg/mL o] 4Fel 739+ WA
] Hz\qm

2. Amphotericin B

NCCLS M27H o 2 HALE g F-22] oo 739
amphotericin B MICE 0.25~1 ug/mL Apo]o] F& Mol g
Tof 9ItH17,23]. Rex 5[23]= W& 3 aFo] gld

Ao gdE = g EeE gy #32 gates
NCCLS M27% 9l ¢] 3} amphotericin B MICE 7 A}3}5] &
o, Aol RE #FF9] MIC7} 025~1 pg/mL Aleo] o] F&
M= 2o la, 5 1.0 gg/mL o] sto] v}, B8k
amphotericin B X] 57} A 33l H o &= amphotericin Boj|
& 25 10 pg/mL o]3}e] 22 MICE Bt 152
NCCLS M27] o] amphotericin B WA 73} 7H=449Q1 #&
i3t 2471 9o ks or. 7o)t 9] amphotericin
B UL AZ387] YAl NCCLSH Xt} = E testi)
antibiotic medium 35 o] §-3 ¥l o] 20 &= K% 9lo],
Wanger 5[16] 9 Rex 5[24]2 9734 X571 A3l =
d R}E A B2l E & S antibiotic medium 39} E test
Z A A o4 o] & amphotericin B MIC7} &7}
| e BT A0 me @ 93 PATA T
T4 A AP & amphotericin B A & 7 &8t =] 24| 7}

ST A7 2 H1-3]. @9, 2o #5d lo]

amphotericin B 1A & 1 AA|7F =& A X H Ho|n
amphotericin B X| S¢]] A5 A AA EL UA FF
©] amphotericin B JAd o] g elo]g}r| Bt} &£F= g9|
) Folgt= A= 9JTH2]. NCCLSH o] 9] <] th2 W

o 9J3l] amphotericin Bel] t3l] WA ol #H<=Ad o] A3k

Hatty A E FFEL sl C. glabrata, C. krsuei 2
C. lusitaniae 5©] 1 t}H20]. & © &2 amphotericin B 7F4]
AAHE MICS] 279 A4 2 MICS} 9134 %] 2.2
shste] BAo) el 35 o BE AT B e st



Table 2. Alternative methods for antifungal susceptibility testing*
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Test format

Method of endpoint determination

Comments

Microdilution Visual

Colorimetric oxidation-reduction

indicator Alamar blue

Other colorimetric redox indicators

Colorimetric glucose determination

Spectrophotmetric determination of growth Provides

Spectrophotometric determination

of ergosterol content

Fungitest (Sanofi, Paris) MIC breakpoint panel
19; needs further development

YeastOne (Trek, Westlake, Ohio) and Asty
(Kyokuto, Tokyo) MIC panels; good performance
with yeasts and molds

Multiple versions using menadione, XTT, and
MTT for yeasts and molds

Rapid susceptibility assay; rapid, quantitative and
objective; needs further development

objective, quantitative  determination.
Performs best with 104 to 105 CFU/mL inoculum
and RPMI with 2% glucose good agreement with
M27A

Sterol quantitation method measures reduction in
ergosterol content following exposure to fluconazole
for 16 h; good agreement with M27A, but only
useful for testing azoles

Agar diffusion  Visual disk

Visual E test

Disk diffusion methods for testing fluconazole and
caspofungin look promising; use Mueller-Hinton
agar with methylene blue and 2% glucose provides
sharper zones with fluconazole disk

Stable agar gradient MIC method; useful for
yeasts and molds; most sensitive method for
detecting amphotericin B resistance

Flow cytometry Measures binding of fluorescent dyes

Rapid (2 to 6 h) method; good agreement with
M27A but expensive equipment

*Adapted from [3].

3. Cryptococcus neoformans & AIANE ZIq

Witt 5[25]& C. neoformanse] fluconazole MIC £} <]
2 Az e AFetatt. 25 NCCLS M27H o]
RPMI Hj %] ol| ] C. neoformans7} 2+ z}a}x] 97| uj] Eo
fluconazole |3+ AZo| ofH Y34 Ao &
M Holx] sktha 3h9l . B RPMI HIA] o 4l of
yeast nitrogen base HJ A| & A}-&3}o] 7 A}3F fluconazole
MIC 237} 4234 Aae Jad S v 352
U, obd] BAG S AR Eeta xTske ¢k ® Aol
(3,21]. g+, AMEE Aol tiek A AR M38-P
7F ERE AAH e 2587 FHEJA L[], o
2 7k mlEel 934 Aot #AE Hrkd Ao
2 A z+E )

ol

¢

N

(NCCLS microdilution® ¢] 72 -$- azole©] MIC+= 48A] 71 vl
& F A4z wellel|] vl & Aol @A) FaE A
Hom {<t A3, Al A, trailing 3} So| AtH4, 26,
27].

Trailing & ¥} & fluconazole % azoleZ] <A <
fungistatic activity 2 Q18] A& Ay kA =7} A% =
7l o] S0l AR A& AFEHE Aol
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Table 3. Interpretive guidelines for in vitro susceptibility testing of yeast isolates using National Committee for Clinical
Laboratory Standards approved methods

Antifungal Minimum inhibitory ) o
) Interpretation Clinical outcome (% success)
agent concentration (yg/mL)
Fluconazole <8.0 Susceptible 97
16-32 Susceptible-dose dependent 82
>64 Resistant 60
Itraconazole <0.12 Susceptible 90
0.25-0.5 Susceptible-dose dependent 63
>1.0 Resistant 53
Flucytosine =4.0 Susceptible Not available
8-16 Intermediate Not available
>32 Resistant Not available

Table is adapted from reference [3].

Table 4. Typical fluconazole and itraconazole MICs for Candida species isolates *

% By category

) No. Antifungal MICsg
Species ) Susceptible .
tested agent (ug/mL)  Susceptible Resistant
dose dependent

Candida albicans 1117 Fluconazole 0.25 98 1 1
Itraconazole 0.06 96 3 1

Candida glabrata 336 Fluconazole 8.0 71 22 7
Itraconazole 0.5 8 60 32

Candida parapsilosis 301 Fluconazole 0.5 100 0
Itraconazole 0.12 67 33

Candida tropicalis 209 Fluconazole 0.5 98 1
Itraconazole 0.12 67 29 4

Candida krusei’ 39 Fluconazole 32 10 54 36
Itraconazole 0.5 8 51 41

" Adapted from [3].

TC. krusei is considered innately resistant to fluconazole irrespective of MIC value.

NCCLS interpretive criteria: Susceptible, fluconazole < 8.0 wug/mL, itraconazole < 0.12 ug/mL; Susceptible-dose dependent,
fluconazole, 16 to 32 ug/mL, itraconazole 0.25-0.5 ug/mL; Resistant, fluconazole > 64 ug/mL, itraconazole > 1.0 ug/mL.

[4,26,27]. 0] A5 Kol #FE 7l 24413 vl <F
Trd & Ho|u 48412 39l MIC7} 64 pg/mL o] A <.

Z7F=| B2, NCCLSe| A4 = 48Xt & MICE #H
SHAl = azole g o 2 2% A2 5 A TH26,27].
29} ailing E3he #e] A S olwl sk Ro] ohy]
B, A2 o) A 5= 7454 o] EH10]. Trailing &3+ Ho]
= 7o o] i A e T B AhA 7} el
o}, A A, microdilution® (spectrophotometric method 3
& A3 3 T fluconazole MICE &3 & wj o 2ol H]
3l 7ol 50% AAE HAFwEZ B (3, 18, 19].

e
=

EA), fluconazole (8 & 16 pg/mL)°o] Z3F CHROMagar
Candida 5 & ©| &3 a3 A H[4, 26, 27, 28]°] L}
NCCLS macrodilution®] & & 291 AL A 3he}. Al A,
C. albicans®] azole 744 AALE A8 & 7 - RPMI-2%
glucose M| x| & ¢ ¥ F=(10° CFU/mL)2| Y& A&
g 1 ¢ H 2o = ergosterol I A F S FI(3,
21,29]1% Al =5 31 it}

o] S[18]& C. albicans?] fluconazole Z+5=A] A A}l A
o] NCCLS®H 9] #4134 <& 3l 43t A NCCLSH & ®
FAZ RS A =8 A A L5 C. albicans #FE
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Table 5. General patterns of susceptibility of Candida species

Candida species Fluconazole Itraconazole Flucytosine Amphotericin B

C. albicans S S S S

C. tropicalis S S S S

C. parapsilosis S S S S

C. glabrata SDD to R SDD to R S S-1

C. krusei R SDD to R I-R S-I

C. lusitaniae S S S StoR

* Adapted from [20].

Abbreviations: S, susceptible; SDD, susceptible-dose dependent; I, intermediate; R, resistant.
o] RPMI 1640 W |0l ] & A}2}x] Rale BAH S ald 2o HES 23 0, azoleo] U3 I 5 WAl o] 27}
3}7] 93] RPMI-2% glucose H] X] & o] &3} broth = 19032[30], el thE #E 3ol azoleol] T3 W A} A
microdilution & A1 33} 11, B4 5 == NCCLS2| Aol zpel 7t olgo] EusAu3]. o] 2HES TF
A% F=(10° CFU/mL)® .t} ¥ -2 5% (10° CFU/mL)E 3} fluconazoleol X]—Oﬂ WAol Aotz <48 A C.

(10
ARgstd o, AR MIC % & E3333 54 & o] 8313
3 T Z wellof] B3] A &o] 50% <A H wellS MICE 3
3t 1 2 2} NCCLS macrodilutiony] 2 3+7 3] A A
HH o] Jx]go] wf-§- =skom, A Z welle] &
&34 = % MIC endpointQ] wellz} 1 o] A well¥} 2] &34
% zto] = RPMI i #] o] H]3) €] & 1A ] o} MIC #7%
] ©] &0]3}) 1L, trailing §3¥}S H o]+ C. albicansol] A
% 4 A fluconazole Z+5A 3= ¢l 7M5slgch =
o] 5[19]12 zttt} T ol ule} spectrophotometric
microdilutiont] ¥} NCCLS macrodilutiont ] & X] &l =}
o] 7} &S AAFAU T 152 broth microdilution™ &
2 fluconazole 7+ AALE Al @3 3 kA 7} S0 A
B2 AU E gdd va] FF =7} 80% (Spec-80%) T
£ 50% (Spec-50%) 743k A A © & fluconazole MICE
2+ 7y 97 319 31, o] 2 NCCLS broth macrodilution’y 2
Fto} Z+zt vl wstior. o A3, C. parapsilosis, C.
glabrata®} C. krusei 52| 73 % Spec-80% =2 Spec-
50%S 71E2 2 MICE 3% 32 u, microdilutiony o}
macrodilutiont] 2] U X] & & 48A] 7t vl & Z ol A 100%
o]}, 281} C. albicans$} C. tropicalise] 7 - 484]

(¢}

ZF v ¥ = Spec-80% 7] F o E MICE rﬂr@ g e
macrodilution’y 2}2] U X]-&-& 247+ 750% 2 57 1%2 vl
kA ", Spec-50%E5 7|2 HAF F =z

°] 97.9% 2 100% =4 Spec-80%°] H]&| Z7]-51'—5 <
At} upetr] NCCLSYH o @At E fluconazole 7+
A A AME microdilution’ & 2 A A] 3} a1 484 7t v
MICE #4 & 73 9 Spec-80%H.T} &= Spec-50% = #7%)
© Aol o Agstrta AZHETH3, 18, 19].

R

SEFH A4N HEE ofEH YMNo=z 0|8
}?

N
o

—_—

glabrata®} C. krusei 5+ = WA #5242 7% 2 36%
Q1 wtH |, C. albicans C. tropicalis & C. parapsilosis+
fluconazoleol] thal WA #+F7F 1% o] ]D]—(Table 4)
=3} C. albicans®] fluconazoleol] T3+ & S|4 &
fluconazole 2] 82 A 7|7t W& 3l F7it]th= HIV %‘r
bl A w Bz 3[4, 5, 31] FFA TS =
¢ = ETH30, 32]. whEbA] ok 7] B2 g
Ao thak WA dole A E7F 2 4 Y tH(Table 5)
[2,3,20]. A & E0] A 2+4 9] Ylte] C. albicans,
C. tropicalis % C. parapsilosiso] 2 %5/J2] amphotericin
B (0.6 mg/kg/d) 32 fluconazole (6 mg/kg/d)2 X & 7}%&
3}tH20]. L2} C. glabratao] 2t azoleA] 371 +A) <}
amphotericin B & Thol] ZH4/do] Aty o] glomz %
71X & 1-& 2] amphotericin B (0.7 mg/kg/d)
fluconazole (12 mg/kg/d) 87} AAEC. & Yool C.
kruseio] 2pH 11-8%F2] amphotericin B (1 mg/kg/d)7} A7
= 31, C. lusitaniae2} amphotericin Bol] jA o] 1= o
FX 2 2 2 fluconazole (6 mg/kg/d)o] XA Z HAF
A }[20]. &= X & Trichosporon, Aspergillus terreus,
Fuarium 2 Pseudallescheria boydii, Scedosporium
proliferans 5 % amphotericin Bol] W A] o] 3] ﬂu, 42 A

o] #e] £Ho] AwWAL AH ek o4 & 3l
[3].
Slel, @A FA 454 ARE A4A o2 o) &5

< aa gl A Gt
dZste AxEA YA 3
a3tk Holt,
C. ra arapsilosis7} 914 3-2] 5 =0

amphotericin B X]E o] ¥Wkg-o] gt &=
A5 aesy] Aol 3 JteE o =4 &
She Aol Basith e A% FPL A5
BBl & Al AstaL. diuf o] 5] 525
& U FAE AFEE Fo] AFETHL E Folo 4
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Fusarium species”} 2] & 31, amphotericin B X] 59|
o] i, JRAFA XN gHT} TP Wy FL 4
o] ¥ % & 3}t}. Amphotericin BE 1 & Z(1~1
mg/kg/d)©] U lipid formulation (5 mg/kg/d ©]4F) Al-g-©]
FH.

Bl
L, o oo

AAIRUA SEZH Zd A Ao AEE=
72

[2,3,33]. 2 Al 4 WA

FZ species level7t 2] B4 s, A4S A2 genus
level7b#] B3 3te] o] & BEY & A S A st= A
o] AgH. FAT AUGEFEAA AIARD) 7
2 azoled] H3] ¥F2o] gl =} A fluconazoleo] L}
itraconazole 7t/ A7} F&3H71 = kA v A4 3}
AA A Ak DA et E 42 Aud
A vlol#] 2 7+ A o 5] HAART (highly active
antiretroviral therapy) 2| &7} B ¥ 3}d o e} 224 o
T2+ Zht o] = &0 F o ula} fluconazole WA C.
albicans= t ©|/% &£AI7F E]A] &S5 Age Rk 9l
o mebd GREA 24 Ak A s
A #8218 7 ok(S5] C. albicans7} ofd ) ol oh3f
A= AL £77) Sl A Sol e e T o2 AHES
4495 ok 99, agEnasze ARy S A

7 o] ol U3t fluconazole 7H-A HAlE 588 &
Ao, s A 7= op glow  AE Hit ol h
M= FFe] A4 HAE AFEA Zon A 7

=
oz ed A% Pt FFe B 2
, 3 7] &) antibiogram<- A% 3}7] 93l amphotericin
B, fluconazole, itraconazole 2 5-FC 5ol thall &3 A
754 AL R,

kv

. S *57]—
ste Aok e A A 854 ddE A= &
AA Zrd Arre] A, HA9 F R, a8 448
A &8l g HAA AL of= Heo] Dottt dA &
R TdA 244 A A= fluconazoled} itraconazoleo] tf &
A AHE A5 F Jom, A AALE Ald st
sd=

trailing &35 Fo]ste] AA sfoof o}, b= L/gA

2 JAFA A HAAE Adshe ARt 39 5%
= &3] ato] 2 7ol AR o] HEE st Fo] v
atch. A A AARE W A, e Ao
oko] AA ) Ui B} e AFE B 7 vl el

EARggel A% Ang sk Aol A 7
4 AT DA AAEA AR ol §8 >
g0l 47t
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