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DOEHRITRE SN L ERFAT O LIZEWNEINL TnWd, I Th, 7 ALF
IVASEIL, WAEMEEEIE SR ORIERE & U TiEh v VX REIZRIER NS DD,
LN E DO TE L BEREYIETH S 1,

T ALV R JE/ITAD < b 100 FEEELL_EAFAE L, Aspergillus fumigatus, A.
flavus, A. niger, A.terreus, A.versicolor &\ o 72 EFEDY A2 SR H S5 BN
U2 T A fumigatus 1377 ALV ASEO R ERE & L TR &
%3, IHIE, non-fumigatus Aspergillus & FEIEIL 2D 7 AL )L 2 O 45 BiEE FE 73
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TRBIYENZ DO TR L 705, RIAIH M, IBasBm, & Miam s
DB, HFFERENED LToBEICE S RIE L, £ DT L 30-60% & HEE T
o B —J7, BHANT, BRICETT AR TH Y | BIELERMER T AL
XV ZGE, (BMERRHEMERT T A~V F L ZE, BfET A vFn—~ Lo o
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SR O FEANE S M BR O HEIL L, 2008 4F1Z, European Committee on
Antimicrobial Susceptibility Testing (EUCAST) & Clinical and Laboratory Standards
Institute (CLSI)IZ & 0 ez S4u7= M2, b0 FEICE LT, HHT 2 A7 4
U LAOFEE, SRR E, MlREkon vy ME AT ATy 78RO
JEDARIR EDFENR ERI2 D8R 5 OO, WikE ket Lo R, —
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— 05 BEIRH) 7 L — 2 7R A > 2D T, MIC 7347, PKIPD 7 — % | B 52k
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>lug/mL (MHE) ERB S T0DE M 5, FLEEIKO MIC & EERNA D
I ZAT O W2HT2 D . B EORFIRE, 7 A-VLX NV R A2 xHT 2P EETE
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values (ECVS)3 % E STV 5 15, ECVs I&., MHELICRIGT 28I FERAH
L7 WEFAERRD MIC 3772 E & LITRE S, B PR E L AT 5
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DEARIZ DWW TRT, ITCZ IZME % 7~ 3#E1X,. POSA (74%). VRCZ (65%)(Z48
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FUTESEE ISR O NAERTHD PP, &51298, 138, 431, 48 FEHDOT
2 MBERIT, 2TOT Y = AREICHEEZ RS EAMbLN TS 22—
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CYP51 ® 54 ZH DT I J WRERN, ITCZ ML T 64.2%I12. POSA TMHMERKIZ
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WTIE, cypSlA IR ZFE DT, cyp51A DO BN OR35S L T\ b
FREMED NS D Z LRI L7218, ZOfFE & LT, HEHR v 7 ORI 5 2 5
N5, BEHAR 7T — L RIEADOMHEIZEA L TiL, B U F TS
TS 3L 2 b DFEFIYEH AR > 7 1%, ATP-binding cassette transporter (ABC)
kZ AR —%—=>major facilitator superfamily (MFS) b 7 > AR — & — L FEE
5, A. fumigatus 1%, 72 < &% 49 fHd ABC KT U AR—%—& 278 fHD
MFS h 7V AR—Z—%HT 5L WESNTND 2, BEmMICIE, 7 AVLF
JLZADHNICE YV IAENT-T V—LREIZ, 2SR I X v i
SMCHEIE S D 2 &3 EZ BND 0N, +a RN Thh T b3, 4%0D
WFFER R Fi - 5 3%,
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T — U PEREFE IS B LTl D PSR T 7 a—F TN EA TV D
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THZLICKVRIET D L ENTWD P, ZofE#HIE, 7 ZeBTET7 Y
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AL T EHEE TRD LTV DT, $l%4/%f%mw6hfw
2363 Fx OMFHIBWTIL, FEROEREZATIHIIRE S AR»o72 %,
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FABE & 3R 6D 727> - 72 (r=-0.2627, P=0.001), VRCZ D #% 5-#f & ITCZ,POSA,VRCZ
? MIC L IFMBEZR DRI oTz, Fox ORAET D7 — Vit A fumigatus £k
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T = LRI 2 R TR LD T AUV XV RJEN, sz Mk O JYRE
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B2 BT 2 L LRSS B o 72 2, RO van der Linden & D
TiX, 12 BREICBIT D THIT, 7/~»W@% X DIEYETIX 88% & | i

ZPERRIC X BYME XV 2-3 D ERITAR D EMEL TS 2,
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%T\H DHRTH D Z & DR SN ITCZ DS MHRE & TR 2R A L T

o IR HEANME 2 AT 5 LIREMEME T2 Z LR BTV DD,
F%ﬁWYXAw%wxf@v?X%waﬁdbtﬁ%\_ﬂ%@%@fﬁ
PEIZZEIT 700 2 & D3 HERR S #u72 (data not shown),

X BT, IEHERIGIRT L— 27 IRA > FMRERE STV T= 1T, in vitro
@%%Iﬂzh“ PERRERASE 05, in vivo TOTRRRNE & FEET 2 2D TIEEERT 23
BHEZATHDLMN, BIROREMEMT AUV IV AFED~ T ZAET /LITEB W
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WifT T _RELEZ TS, LnL, TV —VET A~V )L ZJEYUIE DR A
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RHEE
The current status of drug-resistant Aspergillus, evolution of resistance and future

Koichi Izumikawa, Masato Tashiro and Shigeru Kohno

Department of Molecular Microbiology and Immunology,
Nagasaki University Graduate School of Biomedical Sciences,
1-7-1 Sakamoto, Nagasaki, Japan

Aspergillus causes severe and sometimes incurable infection in both
immune-compromised and -competent patients and its associated mortality is high.
Only three classes of antifungals such as azoles, polyenes and echinocandins are
currently available. Recent studies have found that azole resistance is appearing in A.
fumigatus strains around the world and such resistance is becoming a clinical concern.
Although either long-term treatment of azole treatment in chronic aspergillosis or the
usage of high amount of fungicides in environment is considered as possible cause of
azole resistance, it has not been revealed yet. Although the mainstay of the azole
resistance mechanism is mutation of the target protein 14 alpha-demethylase encoded
by cyp51A, other mechanisms may be involved. I this review, we showed the current
status of azole-resistance in Nagasaki, Japan and indicated prolonged usage of
itraconazole may be linked to resistance acquisition.
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Figure legend:

Figure 1. Comparison of Aspergillus spp. isolated during 1998 — 2004 and 2005 — 2009
from adults in a pneumology ward of Nagasaki University Hospital in Nagasaki, Japan.
A. fumigatus was the most commonly isolated species between 1998 and 2004; however,
between 2005 and 2009 its frequency of isolation had decreased by approximately half,
while A. niger increased approximately two-fold to become the most commonly isolated
species.

Figure 2. Proposal for the management of chronic pulmonary aspergillosis in Japan
based on the severity of symptoms and status of the patient. The intravenous
administration of antifungals may be desired for 2-4 weeks, followed by oral
antifungals. MCFG, micafungin; VRCZ, voriconazole; CPFG, caspofungin; ITCZ,
itraconazole; L-AMB, liposomal amphotericin B. f/u stands for follow-up.
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Table 1. Epidemiological studies of azole resistance in Aspergillus fumigatus
Reported by Year | Number of | Number of azole Rate of azole Region Reference
report | tested resistant isolates (azole | resistant strains (%)
ed isolates tested in each study)
Guinea et al. 2008 | 374 0 (voriconazole) 0.0 Spain 3
Snelders et al. 2008 | 1912 32 (itraconazole) 1.7 The Netherlands 2
Rodriguez-Tudela et | 2008 | 393 32 (itraconazole) 8.1 Spain, The Netherland, |
al. UK, France
Espinel-Ingroff et al. | 2008 | 292 1 (voriconazole) 0.3 North America e
Howard et al. 2009 | 519 34 (itraconazole) 0.6 United Kingdom 21
Pfaller et al. 2009 | 637 43 (itraconazole) 6.8 Worldwide B
Baddley et al. 2009 |181 1 (itraconazole) 0.6 North America z
Amorium et al. 2010 | 159 1 (posaconazole) 0.6 Portugal 45
Bueid et al. 2010 | 230 62 (itraconazole) 28.0 United Kingdom "0
Lockhart et al. 2011 | 497 29 (itraconazole) 5.8 Worldwide* %
Chowdhary, et al. 2011 | 103 2 (itraconazole) 1.9 India 3
Tashiro et al. 2011 | 196 14 (itraconazole) 7.1 Japan 1

*: itraconazole resistant strains were detected mainly from China.
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Table 2. Mutations in the cyp51A gene identified in azole resistant Aspergillus fumigatus isolates and typical phenotype

Genotype Amino acid substitutions ITCZ POSA VRCZ
G54 E,K.R,V,W Resistant Resistant Susceptible
L98 H Resistant Resistant Resistant
M220 K, I, TVRW Resistant Resistant Susceptible
N22 D Resistant Susceptible Susceptible
S52 T Resistant Resistant Resistant
G138 C,R Resistant Resistant Resistant
Q141 H Resistant Resistant Resistant
H147 Y Resistant Resistant Resistant
P216 L Resistant Resistant Susceptible
M236 K,T,V Resistant Susceptible Susceptible
S297 T Resistant Resistant Susceptible
P394 L Resistant Susceptible Susceptible
Y431 C Resistant Resistant Resistant
G434 C Resistant Resistant Resistant
T440 A Resistant Susceptible Susceptible
G448 S Resistant Resistant Resistant
Y491 H Resistant Susceptible Susceptible
F495 I Resistant Resistant Susceptible
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Table 3. MICs and CYP51 substitutions in 22 non-WT Aspergillus fumigatus isolates

MIC (ug/ml)

Isolate no. TC7 POSA VRCZ CYP51substitutions
MF-452 >8 0.5 0.5 266N
MF-469 8 1 0.25 GbH4E 1266N
MF-460 4 2 0.25 Gb54E 1266N
MF-357 4 0.5 0.5 266N
MF-468 4 0.5 0.25 Gb54E 266N
MF-329 4 0.5 0.25 none
MF-331 2 >16 0.25 G54W
MF-327 2 2 0.12 G54R
MF-439 2 0.5 0.25 Gb54E 1266N
MF-473 2 0.5 0.25 G54E 266N
MF-454 2 0.5 0.12 GbH4E 266N
MF-472 2 0.5 0.12 Gb54E 266N
MF-843 2 0.25 2 none
MF-748 2 0.25 1 not determined
MF-1011 1 2 0.12 G54W
MF-855 1 0.25 2 none
MF-336 1 0.25 2 none
MF-486 1 0.25 2 none
MF-520 1 0.25 2 none
MF-1091 0.5 0.25 2 none
MF-474 0.5 0.25 2 none
MF-303 0.5 0.12 2 none
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Figure 2.

SYMPTOMS
O bloody sputum Orespiratory failure O cough, sputum O NONE
O hemoptysis Ofever or weight loss O occasional
hemosputum
I
admission outpatient
Group A: Group B:
Olhemostatic agent (primary)
Obronchial artery OMCFG i.v.*
embolization (alternative) J il
* LCPFG I.v.* OVRCZ p.o. O surgery
(primary) OITCZ i.v. OITCZ p.o. O flu
OMCFG i.v.* OL-AMB i.v. * OPOSA p.o.
(alternative) o [ /U
OVRCZi.v. — ) ) :
) Desired injection treatment duration: Desired oral treatment duration:
OCPFG i.v.* v’ Until stabilization of symptoms v’ Check status every 1-3 months
OITCZi.v. v' 2-4 weeks are desired v Discon_tinugtion can be considered if
OL-AMB iv. * the patient is stable
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