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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, the frequency of isolation decreased by approximately half, while that of A. niger
increased by approximately two-fold to become the most commonly isolated species.

SYMPTOMS

Obloody sputum Orespiratory failure Ocough, sputum ONONE
O hemoptysis Ofever or weight loss Ooccasional
| hemosputum
I
| admission | | outpatient |
Group A: Group B:
Ohemostatic agent (primary)
Obronchial artery OMCFG iv.*
embolization (alternative)
Osurgery OVRCZ i.v.* Group C: Group D:
"i o CPFG'I'V' OVRCZ p.o. Osurgery
(prlmary) OITCZ i.v. OI1TCZ p.o. Of/u
OMCFG iv.* OL-AMB iv.* OPOSA p.o.
(alternative) Of/u
OVRCZ i'V'* Desired injection treatment duration: Desired oral treatment duration:
OCPFG iv. v Until stabilization of symptoms v Check status every 1-3 months
OITCZ i.v. v'2—4 weeks are desired v !?iscontir}uati_on can be considered
OL-AMB iv.* if the patient is stable
|*Primary choice for azole resistant Aspergillus infection cases |

Fig. 2. Proposal for the management of chronic pulmonary aspergillosis in Japan based on the
severity of symptoms and the status of the patient. The intravenous administration of anti-
fungals may be needed for 2—4 weeks, followed by oral antifungals.

MCFG, micafungin; VRCZ, voriconazole; CPFG, caspofungin; ITCZ, itraconazole; L-AMB,
liposomal amphotericin B; POSA, posaconazole

f/u stands for follow-up
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Table 1. Epidemiological studies of azole resistance in Aspergillus fumigatus

Number of Number of azole
Year . R Rate of azole .
Reported by tested resistant isolates (azole . . Region Reference
reported X . resistant strains (%)
isolates tested in each study)
Guinea et al. 2008 374 0 (voriconazole) 0.0 Spain 43)
Snelders et al. 2008 1,912 32 (itraconazole) 1.7 The Netherlands 26)
Rodriguez-Tudela et al. 2008 393 32 (itraconazole) 8.1 Spain, The Netherlands, UK, France 22)
Espinel-Ingroff et al. 2008 292 1 (voriconazole) 0.3 North America 44)
Howard et al. 2009 519 34 (itraconazole) 0.6 UK 21)
Pfaller et al. 2009 637 43 (itraconazole) 6.8 Worldwide 15)
Baddley et al. 2009 181 1 (itraconazole) 0.6 North America 2)
Amorim et al. 2010 159 1 (posaconazole) 0.6 Portugal 45)
Bueid et al. 2010 230 62 (itraconazole) 28.0 UK 46)
Lockhart et al. 2011 497 29 (itraconazole) 5.8 Worldwide * 36)
Chowdhary et al. 2012 103 2 (itraconazole) 1.9 India 37)
Tashiro et al. 2012 196 14 (itraconazole) 7.1 Japan 18)

*, Itraconazole resistant strains were mainly detected in China.

ADKIAHE SN T WL, MIER T A VA, HETDH
YT FIIBWTE, RO e E I T,
i PERERS R 5T L W IRIIZ D W T DN, AFgEdfrbh T
Wb BHER, T ANIVFEIL A L TIEERA R P
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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,. KR V,W Resistant Resistant Susceptible
L98 H Resistant Resistant Resistant
M220 KL T.VRW Resistant Resistant Susceptible
N22 D Resistant Susceptible Susceptible
S$52 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 KT,V Resistant Susceptible Susceptible
$297 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

Table 3. MICs and CYP51 substitutions in 22 non-WT Aspergillus

fumigatus isolates
MIC (ug/mL) CYP51
Isolate no. .
ITCZ POSA VRCZ substitutions
MF-452 >8 0.5 0.5 1266N
MF-469 8 1 0.25 G54E 1266N
MF-460 4 2 0.25 G54E 1266N
MF-357 4 0.5 0.5 1266N
MF-468 4 0.5 0.25 G54E 1266N
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 G54E 1266N
MF-473 2 0.5 0.25 G54E 1266N
MF-454 2 0.5 0.12 G54E 1266N
MF-472 2 0.5 0.12 G54E 1266N
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

i Pk % 7R3 #kiZ, POSA (74%), VRCZ (65%) 1258
P2 RT 2 EDHMSNT WS, CYP51 @ 54, 98, 220
FHOT7T IV BERIHHEICRDODONLIERTH
BAT, X 50298, 138, 431, 48 FHD T I J BRA R,
FTRTOT V= VRELMEEZRTIEBMONTWY
B0 —J5 T, 46, 172, 248, 255, 266, 4271 HHDOT
IBAERE, TV VR, EoOWwThokIZh

HOLNTWBHED,

CypSIAD 70T — 5 —HIH D 34bp D ¥ ¥ 7 L)
Y— M2 & CYPS1 0 8 FHDT A ¥ Vb AF
VUANOERIZ, BEOT V- VERECmTEERTI &
AHH L TW5E, 7RE—F —fHEOY v F4) ¥— |
ZHMT, FAERICHKLC8BoOMmMMEEAEL, X5
WZCYPSLDORFHOT7 I JBERMb L Z LI X
D, HEOT V- VREREZHEERT LR L, —F
T, cyp51A DEFIE, TXTOT V' — VitE A. fumigatus
IZREBD BN A DT TRV bbb O T, Fiad
D 196 ¥k D A. fumigatus ¥k 12 B \» T, ITCZ, POSA,
VRCZ IR, itk TdH -7z 22 RiZOWT, 207
2774 NVIZUTDL ) THo/z (Table3), CYP5I
OS54 FRDT I JBRERD, ITCZ kT 64.2% 12,
POSA THPERRIZ 100% OB TRED b /2o — T,
CYPSl D54 FHDZ ) ¥ v 7 3 /2R IZ, VRCZ
OB G L, Lzdio T, SEchriish
72 ITCZ ifE#R1E, VRCZ & O ENMEZ B & o
72 512, VRCZ ITIREZ DRI DWW T, cyp51A
R 2D T, cyp5b1A DZEFLI O TER T 233 5- L
TWRIREED S 5 Z LAVHIH L 72Y, ZO8F & LT,
PEHAR ¥ T OWHREALE Z b b, HENR T TV —
WEREAOMEICELTIE, 7y V7 TR ENT
WaY, TS OEFPEH AR Y 71E, ATP-binding cas-
sette transporter (ABC) I 5 ¥ AR — % — = major fa-
cilitator superfamily (MFS) + 5 ¥ AR—% — LI
%o A fumigatus 1¥, Y% L b 49D ABC M7 ¥ R
K= —L2IBMEDOMFS N VAR—F —%HFTH L
Wi XN TV B, BRI, 7 AV F U 2 DKL
WY AENT7 V=V REIX, Zhs Ry 72
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HEE IDBPMATAIEICEDVRIET L ESINTY
599 Z OB, T v FICBT LTV — ViR
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HFIER A ¥ FTHERDO LN TWBEEST  bivb OGS
IZBWTIE, FiEoZRLETI2HITMEB I N5
72, Howard 51, TS DEIEOMHHZIHT L2 &
TIHPHALFEZ IR T X B2 H 5 LHEHL TS
A, BUE, 7V — VR R T — 0 RBB obk
X, -0 v DAL LTHEETHHIL TE ) EEY
ZIHRIRE VDD EEZ LNTVWEY, ) —2D
R, BEOEKPNCIBE L 72T ANV ENAD, 7V —
WRBEIBHZEINLZ LI, WHEZEELTVWED
TRZVWRETHHTH BN, FERRIZ, 7V —IViidtkik
DD, TV —NVREL NG (1~30 7 1) 3518
Rl 7 ARV FN ZIEDBE P OB I TS LT3
WD H LYY, Ealo X )1, W7 2 VIV R
DBEFEIZBITDEROTFMRIIREO TV —VRETH H72

B, ZORFHAWEZLBME R 25,

FelGF K703 e T o HE S 7z 154 #R D A. fumigatus ¥R O
MRS R 2 MET L, ITCZ O3RN & oM % Rz,
ITCZ oG- 3N B EVWEHFICBWT, ITCZ®
MIC SE VR L DL RS h a2 HINICH -7z (r=
05700, P<0.0001), F 72, ITCZ ®» R 5 WM &
POSA, VRCZOMIC OB %R L2k 2 5,
POSA ®» MIC & X IEDHBE # o7z (r=05237, P<
0.0001) 7%, VRCZ ® MIC & I3ME %2 B % -7z (r=

—0.2627, P=0.001), VRCZ ¥ 5- 11 & ITCZ, POSA,
VRCZ & MIC & i3HB 2 2D %o 7eo bbb ORE
557V —VIgtk A. fumigatus ¥k D% < 1 CYP51 @ 54
HHOT IV BRAERDPHHDOEHTHL EEZ LN

F 72, FEALEL VRCZ oG EIIEG LanwZ s, 256
12, ITCZ DEFETIZ VRCZMEDERE %257 I
ERNFEINLTREID LWL 2L L -
720 YLk s, ITCZ ORI 51, ITCZ ik % i
BT BRSNS S EICRELHHTRETH S,

VIL 7V — IVt OE#H & 5%

T IVARIRIIHE 2 /R SHRIZ X B 7 A~V FOV AE
B, BEMHROBIIE IR L CFBRIARE R b h L
W EICET AHGEIZE SN TEBY, FEAREHE YT
5L LRSS H 5%, i O van der Lin-
den H5OHETIE, 12 HEICBIFHEFRE, TV -
T PERRIC & % HE Tl 88% &, B2 MEARIC X 2 IR YwiE
XD 2~3ROREFEIZLRLERELTWAEY,

DI I — 0 B 7 & 5M8E S N7 A, fumi-
gatus FRIZB VT, microsatellite #: T, H—DHKTH %
C L PR E N2 ITCZ Otk Ltk A LT
Wb —MBIIZEFNNE 2 ST 2 LREESKT T 5
CEDPMOENTW A, REWENT 2~V F )N ZFED=
T AETF VT LR, Shs okoRwREEIC£IT
vz LD ERR &7z (data not shown) o

E51, EMREERNTL— 2 R L Y bR EEINT
WRWDIZ, invitro DIEFRZMERHERDS, in vivo
TOBEFHEEHET B2 TIZERM 2K L 25
THHH, BBROBREMENT ARNVFNVAFEDY T AE
TIWIZBWT, ITCZREIHEGIZ L 2EERRE R L
25, MRk LR TIIERERI R R o T,
Thbb, MR TIE, BRI L CEFRbuE
MR EN, invitro DEZERER L OMBEIED L7z
(data not shown) o 7E, 2N 5 DOHKEH W HIEEED
W NEH e EDOIERIZOWTENT 21T T b,

—HT, TV VRIEOBREEHM % FES 5 HEE
BdhbH I EIZOWT, ik EZER SR Dokh R,
wHHE 2 E122onw T, PK-PD /8T X —% & H Wit
M, ET D BETH Y, VRCZ DA% 5T ITCZ 12V T
b TDM 2 7T REEEZT0H, LML, 7V — Vit
T AV F) R EGE DARARE 2 G H R L LT,
W MEREORBIRIVLETH Y, BURTIIE
WELMEHTEZVWIF ) Xy V74 Y RPRY TV
ROBOFELRE, FRABORMELROLN TS,
LR, FHEARBEETH DT AN FNAFEIIBNT
WHITHEDRED b o722 2 1d, EDLOTEERTRE

ZETHY, TOHEBOEHDOWIED S 5 LFEENE
Fhb,
A 2

ARIIE, 560 B ALFAEERHS (20124 4
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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 infections in both immune-compromised and immune-
competent patients, with a high associated mortality. Only three classes of antifungals (azoles, polyenes, and
echinocandins) are currently available. Recent studies have found that azole resistance is appearing in Asper-
gillus fumigatus strains around the world, and such resistance is becoming a clinical concern. Although long-
term azole treatment in cases with chronic aspergillosis and the heavy environmental use of fungicides have
both been considered as possible causes of azole resistance, the mechanism of resistance has not yet been de-
termined. Although the mainstay of the azole resistance mechanism is a mutation in the target protein 14
alpha-demethylase encoded by cyp51A, other mechanisms may be involved. In this review, we showed the
current status of azole-resistance in Nagasaki, Japan, and indicated that the prolonged use of itraconazole
might be linked to resistance acquisition.



