256

4t
i

7
0

DOI: 10.6526/1CJ.202110_31(5).0006

MEMEERREBVER—RE(E
(One Health) 5%R8

HEAR RAE

LR EREA m
B R

[l

Al

W (azole) B B A7 BHRKE
BEmns@BE ERELER/AER)
BR - RERANE @J%]Rfﬁ%]@i%
REETHRFWER[1] ERE
- ﬁilﬁ%ﬁnﬂﬁﬁ%%%&ﬁ
EW 5% £ MHEEE KRN
M EH #E|F > demethylation inhibitors
(DMIs) = EEWHE A %wé%
REVFFERAEN=42—

DMIs % & 2 {5 i # &l ﬁ@%ﬁ?ﬂ ’ ﬁi
HWIWH EHE sterol Cl4-demethylase
(B ergll % cyp51 % [ P78 o% 0y
& A Be) 0T Ae LA BT 4m R 2R A
B B2 (ergosterol) W4 & > W&
B R [2] c DMIs - sk
(imidazole) & =" (triazole) 3£ £
EHMBEYEL(] - RPAESEE H

JEYLIZ AT R PTG A B P o
FAGEE SR o

JE (aspergillosis) /& % & & W 4K
BHE R LEE - DUEBB (Aspergillus
fumigatus) AR EEBIREE - W
RIGHFRMEEW HERY - FRRE
L DMIs AR - & AR B
H £ (voriconazole f7 isavuconazole)
Fuig WA H JE (itraconazole) K B /G [
LW TE B 1E | (posaconazole) [3] e
T 2000 £ LR D o AR E A
8 (azole-resistant A. fumigatus, ARAF)
W4k o 23T 20 R 23k ARAF B
ITRTHE LS -

BRI R A EHMELALERE
BHRRAE -  BRBEERRER
MR (4] 0 A RE - BERIEHB
T~ DMIs Frét $tug fE4 R - {2 )&
HEFE R AHFESH DMIs L%
o e R W R H DMIs W% %
REBRREHRLHEN  THF

JERAHE I HERE



R ARAF %8 B AT WY "] e R B [1.,5] °
DMIs Fisg By BN ERE - £
Z L cyp51A B FH % 4% TR,,/LOSH ~
TR,,/L98H/S297T/F4951 & TR,/
YI121F/T289A £ # AR &k (AX Hi#
TR,, B TR, K#) [1,5,6] c 45 % HE
Wy B A P AR IR AR TR, 2R
TR46 Btk BRI ERARYEYHER
3 e AE A R A H] R B RN IR I
BEMTHREEBNERMEIRE[14] -
H B % B Bk ARAF ) B AT 2 44
P 1% E 10% 2 M EEBEK RE
W HEETMME 20% [4) c HHE
AR ERERHEEZH TR,
B TR, BARFTGIAE[7] - MBI E R
HEEWRTEREGARNERHE
¥ (62% vs. 37%) > &7 TR #H 4
éﬁ[ﬂﬁﬂﬁiﬁaﬁﬂ%%%%ﬁm%% e
.ﬁh.%%%/\u&%% FELR
ARAF BATE KRR 10% » HMERENE
Bk &k e K " $ L echinocandin
& B+ 1# Bl 2 X K| amphotericin B > #
SEBE—FRREEYMEREGRE X
AU
WA IEHE ARAF BB 2 A B
BE RENFZHTAZEERR
Paul Verweij & 2019 £ H &£ 7 R H B
MNEE BEBZBEE 4 TH
W MW AEREL/ REL - EE
KREREELEBEBRNEBERRN K
44 ARAF HEE R B % - DMIs 3%
% ARAF W#H - RABHERRF
BREMLRGN - HERRE AW e
1] 68K YH BT Ak R

e R 110 £ 10 A =+—&HH

257

SHEREER  BRERAS L
BB TR, K TR, 3712 J& 2 8[9-
1] B HEEERERMAILMAL
BRBELER BEFREIHBEZEEN
E% - hWFEHTEE ARAF B & © B
WRERMNERAEEEAEEHE -
ﬁiﬁiﬁ@@i% WEfidg T Lt
CHRWEENE > NERFLEIE
VB B 18 0 2 R — ’F’Iﬁf lﬁ (One Health) #%
Bz gk -

DMIs B ARAF RYEAH 14

DMIs # #& %4 ¥] #% % ARAF i
MARBELTHEE - 1. U REET
T OEREW - B H AR BREREA
Fr BB ARAF B ¥ HE 94%
W E AR F] B TR,/LOSH R EHA ; =4
Z Z 48 ¥ ARAF MR A LR I X
BZEBERE BRMER LSRN
TRy, kB 4& W% & EA KB > TR,
B RE[12-15] 2 2. LEW LTS
5 f =¥ DMIs (difenconazole »
tebuconazole » propiconazole »
epoxiconazole K bromuconazole) 4*F
REHEZR L EGEMAMN  HEE
M CypSIA EaBHEL A TR,
1 TR,, B tk¥ ik 5 # DMIs i £ it

51° H4F > CypSIA R4 4 &
£ EALE B %3 TR,,/L9SH/S297T/
F4951 ) F49S5I Frwk v 31 B MK B -
DA Sk 3 8 sk v 38 DMIs (47 prochloraz)
& 5 %E B TR,,/L98H/S297T/F4951 #
E A ARAF [6] ° 3. DB E & Y&



258

BBEWE > #F EHF7F (tandem
repeat, TR) BRI RS E B A LR MK
ATHIEE -~ HRERASREFFE R e
THBORXELHWEE - EHEBR
RABBERLZRAEREHRE > &
& TR,, 3 TR,, KB fe R B KK B
REFFPERTANABNBREZA
[16] ° RAEWAZ R4 5 NHER K
KR DMIs W B 358478 B £IER
B RELTEL T0CHK T RE %
¥E KM BE LEHK ARAF
WABBER(17] - BRI E B £
M A FETF (conidia) £/ 0 BT
it # By F B F (ascospores) * WL T
PR VA T PLEE M A AR AT
WENAC EERERBYH ET S
DMIs By 3% A7 4B 7 50 T 28
H 1% 2% % ARAF ; IR - &S
H DMIs Wy L3EFra 8 B iy 45 thfE
MM - HiE 91% A ARAF - &
% 8 A TR,/Y121F/T289A £ FE A o
¥ Rl 0 4 % ARAF %K TR, £
3 KW TR46°/Y121F/M1721/T289A/
G448S FTEEF A X% - HERE—
FH 2 T EREA W TR,/ YI21F/
T289A B ETAM A K - &
W TR, EH 3 KH TR46%
Y121F/T289A £ FH A FRE 1k o [E#
A 2012~2015 £ RAEH W EE R HE
WE B R =R A4 B B TR46Y/
Y121F/M1721/T289A/G448S # F &
Htk  BEEEWAMAES  ERRE
HROEEBHREELETHMAIE
BFF (TR) WHEBEWRRE  WEH

DMIs W3 JE + 3B R B A RER XS
K -

ARAF 135 4a1

THALEHEFRARALRXHF
DMIs $#& ARAF W4 o BB o %
EAE 15 BN ZEE oy B R AR R A BE
ARAF 3248 0 B RAK - B on b
EHEAER DMIs BT RZLETE 5
I ARAF (18,191 B—F 1 ° &
1 YR 2 B 3 = B R AR AR B R
ERXE 5L ARAF 3 E -
AANBTEFRERRY  AECBERY
(-~ BEEXBAE) RAME
Z2Y (BEMAK s KHE > KREE#ES)
BERE  NENERBEAEEN A
10°~10° cfu/g ; =" ¥ tebuconazole °
epoxiconazole # prothioconazole H|
RELHAERFEANINERERA
[20] - RAEW L A @ A2 Rl R E
BRI R = 0 25 AR A Wk
EREAEELEEEE > BWA
ROEERRETERWRE - A—F
W EMBTAEARNEEGEERE
(12C~65C " 35CHEALALER) B
BB WNIRE HHEZE 85~100%) °
FERREHMAAEXEREERENE
HRE  SEEWIRE - BREM
DMIs 2 ¥ 2 8 ARAF WA B - %
HBR T AR R LR W 0 RS IR AR
B FELRARMBMEAEBRE - #
XA AR DMIs A T — &
FRMBENRE > FETRGKEHWER

JERAHE I HERE



BARBEZGERNBERANRE  #
EREEE 1| EAEHARK %A
RBHEMYEE ALY
PWES 2. TRABRFMAERLE
K TREBB N AEGEY FAHE
ARER) ;3. oA EREY - HH
RERDGFERABE K o

E B DMIs £ ARAF Bl B 14 o 3%
B HEUT kst T 1. 2EFH
VE MR B DMIs SRR A T 18
et 2. BHKH KR E DMIs
GERATEAVEE RN EE KK
BEGTHIM£E 3. MBRWELE
TemEE T ERE (fitness cost)
PEVNERANAREE HHERH
A4 R GE R ARAF 075 A
MIRFEF »5. T F DMIs HERF
JI 7 F DMIs & B 7 B H i A
W AMERIRE W > Bl &S
KR E DMIs HL3EF - K EHEW
AR AEL R - HReEWHEMR
MENRGMER B G EIEN A
R 35 DMIs i B E - H 6
GV URBRBREERENE % -
BREKBEBRMERWB G121 F
Pruy E B AT A BB E 4 B ) ARAF
t 3 B P75 B DMIs 7 8 3 B¢
KB EHHERE (0.001~6.4 mg/L)
BA—BBEWRER - N EETEMN
£ 1P DMIs EEZ#HREL
fy o Prifl45 6 DMIs R EE L T
RENEHA WG EL REBSNET
BIE20] e F - FIHERT H GER
ARAF Wi ¥ DMIs 1 F & - 1%

e R 110 £ 10 A =+—&HH

259

E—F XML - BEH LA K4
B BHIBRZHAEHNMNANER - B
V353 ARAF WA R ©

HEBR

&% K # M prochloraz »
difenoconazole & tebuconazole B % -
WRAFAE WK BB & 18 KET
KW B (Fusarium fujikuroi) € &
4 prochloraz X tebuconazole #L%
PE[11,22] « DASLE R - AELEMW
prochloraz & tebuconazole £ 1% &
AWM REEEBER L EHE
M o

ERREN D > BHEKRA
2015~2017 FRKE B ZEMLE K
Bi1E HERERZERE 2,760
RSB E 451 BREH® - HF
7.5% (34 #) % ARAF - $% (29 -
85%) # TR,, B #[10] ° & Ff K & 5
KW A 2011~2018 FREEHE %
OB 297 LRAY 0 12 (4%) 1L
AL E ARAF > £ (10 fr -
83.3%) Hi AWH TR, W (9 fr) &
TR ‘1%-7]:* (1 'TTL) [9] ° b TRy %ﬁiﬁj
TR ERATE R B R % & B A
B BTHEEEERWRZEE -
BRIEENE A —ELEALROE
A TR,,/L9SH/S297T/F4951 & tk 4 1hi
EEEREREFELIE  LLERBMAK
A B (9] - L TRy, K TR, B
# % 3 tebuconazole K difenconazole
it % ¥ > TR,,/LISH/S297T/F4951 &



260

TR, ¥ 1k 7 [ & % 3, prochloraz i
ZM TRy, K TR, H AWK E L2
BREMERERRERMEE - B
A DMIs B3 E R T MEH 3
BEFWIKL[9,10] - A EEELK
ARAF Wt/ 5% - B kv 38
MM EENEEEY > THEH
FitBRRETHEREE  ERLENRT
NS R B o

HEMHENEE R ZRES

BB R ET R NI E 2
MET % HEXRHMEEE— O
RRAE R W9 R BB o Ao B E e
RAGREY > EEREHZHEIEE
¥ ARAF ] E & K # 4% - 8 A DMIs
1% | B13% % ARAF W BB A%
TAWKER > BaRERMIAMARE
TG ETRERR > LEERTK
DWT=ZFmEAT(1] 1. BEETH)E
HBARKEHWER  REWA %
TR A S B - ¥ DU B e
AR R8T B R T KA
BGEHBELRE - HEwmt WK
HHERBRENEES ZEGME g
S E £ ARAF B9 A F - 2. B+
¥ DMIs SER 7 - TR+ RHB
MR IEN R AR BN DMIs -
B ST B 1 F M I DMIs 22 3|8y
B o3 BEZHEBTEE - B
BrWRASBAAEY R RRENER
PEERE  CWERIGERAANELST
CRFHEABBERRE LB R IE

HERXRDHBERWAR - HLEERXE
EBNAAHRABIEBTERRER
b A fE B e gy - DL
WL R EMBHWEL - HEF S 9
MAXEH E (4 tebuconazole) B # B
AP E BN EY A EFEF -
R—HWE IR R 8RR
B R VUL B 3k Z A0 o 1R R
B BE TR ST R IR BT B
ERHEE  RALRBEFEINER
JE i EAR Y B R BRI o kAL
BEEZNEINEREE (product
stewardship) W& > PIEREER
BN E R RBEENEALT
HERKRZWEHES A -
REHAREEXLERERE
MW ERERERRAK HEREE
BIR et 2R AR G R R 70 B3
R - A REEXOBARDERE
BEWGER LEREREL  UE
2 1F L g B 22 AR BB 1 R A
W B o 4 2012 B 2016 * M F R
] REEMEREH  prothioconazole
F2 tebuconazole R &4 A TH Y
16.9% ~ 29.7% %1 24.2% [1] » & B B
ZER 2017 FET T TFERERY
BER, >  BEHERE ABAETR
RO BREER R - B RE T
PR R T RS
BE - DB p B ER MR ER RS
EHMEAMGRENEEYERE KR
[222] 2019 FRZEREBIETRE
TREEME > BREFAME NG
REBEERGEHBNANLE  FTERER

JERAHE I HERE



WARTERBWEREE  HHEY
RERSBER - BEWSESLWHEE
R - #ik G B IR ARAF 14 &
BERZGELIER WS EARNEE
REATREE  FARTEEREYR
RETTSEWEHRGH -

:%Eﬁn

FER A EWEHE SN ARAF
HRAENEE  ZBERFREWNRA
B 2019 £ ¥ ARAF %) % % %1 B
AWETEEREDR3] - BRI BGE
WL FERAARAME > HBAMLE
% &7 1B ARAF W & AR B2 R EAT
BEE:  #EHREAARENREMR
B - MZRBREGEWREMR -
R eV B W R R RN BUR B v
BFHEWRNEE - UERREEYR
BV RERABHE RN RR
EAFHEREZE BN "One
Health ; # EHAZ o

SENR

1. Verweij PE, Lucas JA, Arendrup MC, et al:
The one health problem of azole resistance in
Aspergillus fumigatus: current insights and
future research agenda. Fungal Biology Reviews
2020;34:202-14.

2. iy « PREESEMIELER] - 5rh c BT EEK
B2 rG o FrALT - EERE E R - 2015
(2018 HIRRFFRH);1.83,133 -

3. Ullmann AJ, Aguado JM, Arikan-Akdagli S, et
al: Diagnosis and management of Aspergillus
diseases: executive summary of the 2017
ESCMID-ECMM-ERS guideline. Clin Microbiol
Infect 2018;24:e1-e38.

e R 110 £ 10 A =+—&HH

11.

13.

14.

261

. Lestrade PPA, Meis JF, Melchers WIG, et al:

Triazole resistance in Aspergillus fumigatus: recent
insights and challenges for patient management.
Clin Microbiol Infect 2019;25:799-806.

. Snelders E, Camps SMT, Karawajczyk A, et al:

Triazole fungicides can induce cross-resistance to
medical triazoles in Aspergillus fumigatus. Plos
One 2012;7:e31801.

. Chen Y, Li Z, Han X, et al: Elevated MIC values

of imidazole drugs against Aspergillus fumigatus
isolates with TR34/L.98H/S297T/F4951 mutation.
Antimicrob Agents Chemother 2018;62:e01549-
17.

. Verweij PE, Ananda-Rajah M, Andes D, et al:

International expert opinion on the management
of infection caused by azole-resistant Aspergillus
fumigatus. Drug Resist Updat 2015;21-22:30-40.

. Lestrade PP, Bentvelsen RG, Schauwvlieghe A,

et al: Voriconazole resistance and mortality in
invasive aspergillosis: A multicenter retrospective
cohort study. Clin Infect Dis 2019;68:1463-71.

. Wu CJ, Liu WL, Lai CC, et al: Multicenter study

of azole-resistant Aspergillus fumigatus clinical
isolates, Taiwan. Emerg Infect Dis 2020;26:806-9.

. Wang HC, Huang JC, Lin YH, et al: Prevalence,

mechanisms and genetic relatedness of the
human pathogenic fungus Aspergillus fumigatus
exhibiting resistance to medical azoles in the
environment of Taiwan. Environ Microbiol
2018;20:270-80.

Taiwan Crop Protection Industry Association:
Domestic manufacturers production & sale of
pesticides. Taipei, Taiwan: Taiwan Crop Protection
Industry Association, 1962-2016 [In Chinese].

. Snelders E, van der Lee HA, Kuijpers J, et al:

Emergence of azole resistance in Aspergillus
fumigatus and spread of a single resistance
mechanism. PLoS Med 2008;5:¢219.

Snelders E, Huis In't Veld RA, Rijs AJ, et al:
Possible environmental origin of resistance of
Aspergillus fumigatus to medical triazoles.
Applied and environmental microbiology
2009;75:4053-7.

van der Linden JW, Camps SM, Kampinga GA,
et al: Aspergillosis due to voriconazole highly
resistant Aspergillus fumigatus and recovery
of genetically related resistant isolates from
domiciles. Clin Infect Dis 2013;57:513-20.



262

15.

16.

17.

18.

19.

van der Linden JW, Snelders E, Kampinga GA,
et al: Clinical implications of azole resistance in
Aspergillus fumigatus, The Netherlands, 2007-
2009. Emerg Infect Dis 2011;17:1846-54.

Verweij PE, Snelders E, Kema GH, et al: Azole
resistance in Aspergillus fumigatus: a side-effect
of environmental fungicide use? The Lancet
Infectious diseases 2009;9:789-95.

Zhang J, Snelders E, Zwaan BJ, et al: A novel
environmental azole resistance mutation in
Aspergillus fumigatus and a possible role of
sexual reproduction in its emergence. mBio
2017;8:e00791-17.

Fraaije B, Atkins S, Hanley S, et al: The multi-
fungicide resistance status of Aspergillus
fumigatus populations in arable soils and the
wider european environment. Front Microbiol
2020;11:599233.

Barber AE, Riedel J, Sae-Ong T, et al: Effects
of agricultural fungicide use on Aspergillus

20.

21.

22.

23.

fumigatus abundance, antifungal susceptibility,
and population structure. mBio 2020;11:e02213-
20.

Schoustra SE, Debets AJM, Rijs A, et al:
Environmental hotspots for azole resistance
selection of Aspergillus fumigatus, the
Netherlands. Emerg Infect Dis 2019;25:1347-53.

Van Den Bosch F, Paveley N, Shaw M, et al:
The dose rate debate: does the risk of fungicide
resistance increase or decrease with dose? Plant
Pathology 2011;60:597-606.

Chen YC, Lai MH, Wu CY, et al: The genetic
structure, virulence, and fungicide sensitivity of
Fusarium fujikuroi in Taiwan. Phytopathology
2016;106:624-35.

The Centers for Disease Control and Prevention.
Antibiotic/Antimicrobial Resistance. Biggest
Threats and Data. Available https://www.cdc.gov/
drugresistance/biggest-threats.html#azole.

JERAHE I HERE



