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N3A0U1OUTOT karn19nTIaIALlITUTEUTO1 (antifungal susceptibility test) ATin1sWRAILN

mesnunadaddiiana Faanudrdyegnidunsinudtieiageslulagdu

na‘lnn'rs?;’aﬂ'lé’hw,%’aﬂ (mechanism of antifungal resistance)
amemsdudesdunnsiidesiansawiayldluaududuresendudosfides
dllug lianusasgla m’m?ﬁyaEJ’]LL%J\ﬂﬁLfJuamgULLUU NaAe intrinsic resistance Wag acquired
resistance @MU intrinsic resistance ﬁam’w??amﬁmL%aiﬂuﬂfcjmmL%aiﬂﬁﬁ@mauﬁmumi
fdnendudesunwiadenindisuansiussneuiiluimnsvesedudon weien
mwﬁmﬁ@mauﬁmumiﬁﬁmEJﬁﬁﬂuL%aiﬂmurniﬁuudqaaﬂmﬂLezjaé (efflux pump) 817119
Aspersgillus species, Candida krusei, Candida auris 101 intrinsic resistance s fluconazole
39 L%a'ﬁﬂuﬂq'u Mucormycota $n11¢g intrinsic resistance #e azoles tusu®
d w3y acquired resistance Tuluanriidesannsawialduilunneiidenduden
armdudugs Tnefidesluaeiusiadu (wild type strains) laiaunsawiald  dmiudon
vanduiiasnsandyld widndung Tuanedfodudesiussfuamududuiiansaduds
naSaivladesaeiusianduld (minimal inhibitory concentrations, MICs) iunguamsii
158771 antifungal tolerance %38 hetero-resistance”
dwsunalnlumseelusdudorusazain aunsaudsldnuiinvesedoellil
1. ;i uidasngu azoles
nau azoles fvhitlunsdudanisvieuees lanosterol C-1da demethylase (Cyp51p
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22 nalnlunseenlunguil

%39 Ergl1p) Tun1sa$1s ergosterol w@aﬁjm%émau%am( %

A. Efflux pump overexpression: L%@Iuﬂzju Candida a¥dinsidia efflux pump Wity
#Nqu azole PONIINLLAR

%. Overexpression of drug target: L%@Iuﬂaju Cryptococcus neoformans iinsuIn
TAslulay LLazﬁmiﬂmEJﬂ’uS:ﬁuaﬂgu (chromosome aneuploidy, hypermutation)

A. Tandem repeat vz promoter ¥4 drug target: Lsdgaslumjm Aspergillus fumigatus
{l tandem repeat (TR) 71 promoter Y848 cyp5IA WU TR_/L98H ﬁwumnﬁﬁjmamwiﬂizm&l
luilan® fravilfAnn1saesase itraconazole, voriconazole wazunnsoanelfiinnsies,
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voriconazole gaqu®*”

2. 916URBIINGN polyenes
nalnn13vinauvedngu polyenes W amphotericin B lun1svanewesitufenisnfen
a111309uleriU ergosterol vuUWAGUDITRT Wazne AnYeII v ITEeviuwasvInanIw
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N. MINAERUTVBIBULUU loss of function V88U erg3 nolwinAe resistance wulu
C. albicans

¥. MIneUAUBIENIYANLRLASEAsIdevIEAd (cell membrane stress) denalviiin
ﬂqiLﬁNﬂqiLLaﬂﬁﬁ]@ﬂ"UENIU'ﬁau ERG5, ERG6, ERG25 ‘J?Nﬁﬂ?iﬂmﬁﬁi@ﬂ'ﬁﬁ']ﬂ']um@ﬁ HSP90 %Qﬁmﬁué
flun17e drug tolerance

3. El’lél"ml,%ai’lmju Echinocandins 1@ micafungin, anidulafungin \Uudu®?

n. Msnaeugvesd fksl Faduduiismsuasi 1,3-8-D-elucan synthase shnuidunaln
msneelu Candida wag Fusarium spp.

9. Stress response pathway: HSP90/calcineurin/RAS/mTOR response Fadsaliin

AMEhRY
4. e1dURIINGY Pyrimidine analogues Wy flucytosine Wugiu®

A. Point mutation 78 fcyl (Candida spp.)

Update on CLSI & EUCAST and antifungal susceptibility tests

dmsu CLSI anamlunsudanadelundgy Candida spp. #o CLSI M27M4dS, 20227
a11150a3U clinical breakpoint dwduide Candida spp. inuvesldsmsnedt 1 Tnefinsiiven
rezafungin Wagdeuaves Candida auris clinical breakpoint lngivundn susceptible dmsuen
rezafungin A <0.5 uA./ua.

dmiuidosnduaneiiu CLSI M38M51S, 2022 I¢finssmun clinical breakpoint 184
L“ga Aspersillus fumigatus sensu stricto laefuuaAT susceptible, intermediate Wag resistant
dm¥uen voriconazole Tiwail <0.5, 1 Wag >2 MUAINU

o

dvsuleuninguuazeruisviinfiliaseuagulu CLSI W lafin1suusinlidavi

epidemiological cut-off values (ECVs) Tnssausaudoya MIC 3nndeiilsifiosn”™
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a319dl 1. nswdananinulifuveate Candida spp. A1a CLSI M27M44S, 20227

Clinical breakpoint (un./ua.)

Uﬂél"mL%ai'] C. albicans C. glabrata C. tropicalis

S soo/” | R S soo/l | R S oo/l | R
Fluconazole <2 4 >8 - <32 >64 <2 4 >8
Voriconazole | <0.12 | 0.25-0.5 | >1 - - - <0.12 | 0.25-0.5 | >1

Anidulafungin | <0.25 0.5 >1 <0.12 0.25 | 0.5 | <0.25 0.5 >1

Caspofungin <0.25 0.5 >1 <0.12 025 | >05]| <0.25 0.5 >1

Micafungin <0.25 0.5 >1 <0.06 0.12 | >0.25| <0.25 0.5 >1

Rezafungin <0.25 - - <0.5 - - <0.25 - -

MIC: minimal inhibitory concentration, S: susceptible, SSD: susceptible dose-dependent, I: intermediate,
R: resistant
*SSD gd1m5u fluconazole Wity

d115U EUCAST 1 iinsiddsuniainsisnisuianasensainiaus (EUCAST: http://www.
eucast.org/ast_of fungi/) aaansnauansmulisuvesdeiadaduaysuduaaduatuil 10

@

Tt A.a. 2020 annseasunisuanannulisuveateidAylafanns19N 2 warn13199 3

7

anTeit 2. mawlararwh¥uvesite Candida spp. M1y EUCAST version 10.0, 2020 (EUCAST:

http://www.eucast.org/ast_of fungi/) (ND: Not determined)

Clinical breakpoint (un./ua.)
SR Oy C. albicans C. glabrata C. tropicalis

S | R S I R S | R

Fluconazole <2 4 >4 |<0.001| <16 | >16 <2 4 >4

Isavuconazole ND - ND ND - ND ND - ND
ltraconazole <0.06 - >0.06 ND - ND | <0.125 - >0.125
Voriconazole <0.06 |0.125-0.25 | >0.25 ND - ND | <0.125| 0.25 | >0.25
Posaconazole | <0.06 - >0.06 ND - ND | <0.06 - >0.06
Anidulafungin | <0.03 = >0.03 | <0.06 - >0.06 | <0.06 - >0.06

Micafungin <0.016 - >0.016 | <0.03 - >0.03 ND - ND

Amphotericin B <1 - >1 <1 - >1 <1 - >1
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A15799 3. ﬂﬁiLLﬂaNamnﬂ’ﬁ‘U‘Uf’NLéa Aspergillus spp. 14 EUCAST version 10.0, 2020
(EUCAST: http://www.eucast.org/ast_of fungi/) (ND: Not determined)

Clinical breakpoint (un./u4a.)
sduden A. flavus A. fumigatus A. terreus
S R S R S R

Isavuconazole 1 2 <1 >2 <1 >1

ltraconazole <1 >1 <1 >1 <1 >1
Voriconazole ND ND <1 >1 ND ND
Posaconazole ND ND <0.125 >0.25 <0.125 >0.25
Amphotericin B - - <1 >1 - -

Fafiddayfinnsdileddliinvedanisudananu CLSI we EUCAST wenainisnisnadeu
HiEpszuanaiuLd? Ansuwdanaiiinnuuandieiy dafumnldiinismeseunamdnnisle
mstosudanarmnliunumannsii 9 LLaS‘Vjﬂﬂ%ﬁﬁﬁ’a’iﬁﬂ’]iLU%EJULﬁEJUﬁJUL%@uWﬁgWU (quality
controls) l9uA C. parapsilosis ATCC22019, C. krusei ATCC6258, A. fumigatus ATCC204305,
A. flavus ATCC204304, A. fumigatus F6919, A. flavus CM1813 \Jugy® >

Molecular detection of antifungal resistance
ﬁm%’umsmawwm'sﬂmaﬁ’uﬁ:ﬁam’l'ﬁmjwlﬂﬁmiﬁammaaL%aﬁwﬁju 9198IAATIM L6
1MEMINe molecular AAlumsvhuenmzReiasinty Tneaunsaudansasiamile
2 5UuUU®” fsil
1. Intrinsic microbiological resistance detection
amemsheniiunuansivesdorluutasnduiifinudusnlnefidiliinedutasduie
sinemdeu Taefinngfidunneiinueslunguidesdnime fufuddaifianuduiuiiedos
maaummh%’umﬁwuﬁamﬁﬁaﬁ’umjmLﬁ'?‘?aiwai’%wwﬁﬁmw intrinsic resistance gnfiog1YY
Candida krusei (Pichia kudriavzevii) wag Aspergillus fumigatus 3 intrinsic resistance Giamﬂszu
fluconazole, Basidiomycetes wag Mucorales & intrinsic resistance &iamﬂﬁju echinocandins
nMsdnsuuniinveadesisysiu species annsaldlunsvhunentag intrinsic resistance
fnuldludosusasaia Tnginstasmuniderduanunsaldiinisdduanald enfi 1wy matrix-
assisted laser desorption ionization-time of flight (MALDI-TOF) 1Jufu® usedslsinuis

MALDI-TOF Juegiuduneunisaiauazgiudeys fuuwesuduaeiaialusiulaeinaiavili

Y
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nswlananaiawndeuls ﬁﬂﬁu%%miﬁ@ﬁﬁLLW‘I%ﬁWU’eNL%@ﬁﬁLﬂuu’]miiﬂug\‘imL“ﬂu%%ﬂ”lﬁ‘VIN
WugNIsu A DNA sequencing™

dmunssasuundesinglidduvaiy vinaduiitedlumsld#insuun fe ribosomal
DNA internal transcribed spacers regions (ITS)® @sanunsavhunllunisdasuunidelungs
Candida Wag Mucorales §195¢6U species Lapg1aiiugn ém%’m%aiuﬂajm Aspersillus Sugodld
ITS sequencing $2uAU calmodulin sequencing (CaM)*” ﬁm%’mﬁ?}jﬁﬂumju Fusarium @o3la
ITS sequencing 333U RNA polymerase Il (RPB2) wa translation elongation factor 1 alpha
(TEFl)(llZ)

Tutlgdulimaienudidduanaussandlflufesfoanslnsannsadasuundeld
Nnnazieanden duilildnasteningy willfesindeaunsodasuunidelddesziy
species Ium\‘ia’laﬂuﬁ: RIS BioFire-FilmArray, Candida PNA FISH assay, T2Candida, SeptiFast
Hudu® Tae BioFire Filmarray @nsnsadnsuunile Candida albicans, C. parapsilosis sensu
stricto, C. glabrata sensu stricto, C. tropicalis, C. krusei (intrinsic fluconazole resistance),
Cryptococcus neoformans/gattii complex (intrinsic echinocandin resistance), Candida auris
(multidrug resistance)® éww%’m%aiumju Aspergillus 1afinMsiawYge real-time PCR wield
Tunsnsramaiinues Aspersillus uaynnsiaeen azole TusesUfiRng wu AsperGenius Bsanansa
vﬁﬁﬂLLuﬂL%aiuadu A. fumigatus, A. terreus wag Aspergillus species 19"

2. Secondary resistance detection

mﬂmmiéfmﬂalﬂmsgamﬁumL%uasw n1sNaeugvesdy ergll war cypsla day
é’uﬂ’uﬁ‘lumiﬁﬂmamifﬁaaﬂuﬂdm azole 830 Candida waw Aspergillus FuEU TI%eN3
nanueiusuestu fks dmwastansnenilungy echinocandins lumsAnwinsnaneiuglududena
a1u1901975 PCR-based sequencing aufis3s whole genome sequencing (WGS)®" au
AsperGenius multiplex real-time PCR uaﬂmﬂmmiﬂiﬂumimwmL%a Aspergillus spp. Ingdl
Lﬁmmaag’ﬁ 285 ribosomal RNA &2 é’ammsam’aﬁ]mmiﬂmaﬂ’uﬁ:ﬁwuﬂa%m cyp5la
f9019 lugnishesindu azoles ¢ Wy TR34, L98H, Y121F, T289A lnefintsvaaouiiiu

nsnageulnensineutatslen 1935015345189 melting curve™®

91nn15AN IR 1Y
Tunsmsamidie Aspergillus spp. 1ngtaelsalafininen waritaslunediaeingd Wisuileuiu
calactomannan assay wuinilaanalikasanusimnglunisnsemidennnnindesas 80 uaw
wonaniudaslunsunelsa LLazmimauauaa@iami%’ﬂwﬂuéﬂaaﬁam%a Aspergillus spp.

.40 geglsAmuilasanilvedinluises commercial kits ¥inl

INANITABIVRNTBlRENAIY
NMsAN¥INTENMINTIIMNIEAetuNguldWuediu in-house molecular methods lulga3de
1A8LaN1zI5N13 next-generation sequencing ﬁiaﬁuﬁﬁmiﬂmaﬁuﬁ ergll wag cyp5la Fadmsdl

anuvanranegluIsnstuegiuuiazaniiu luswasmndnmsyiunuuagifiniduisnisunsgu
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wnzlugiannglaia 2019 uaﬂmﬂﬁ?ué’m']msﬁyamﬁwuﬁamﬁawuqﬁuaﬂw(ﬁiaLﬁaq 33N
snfndeiinisdsusamusninimudeussshinmstesivente fdunemsamaneiien,

[ ¥

YouedaiinudAyunTumudiu Wieasseiudeimuzalun1sShwdtienfawe s

1 ' o v o

wuugnany dmiudeyaruliurestondesduderiulsmmdlnessdogesiesitn vihlven
sonadentionlunmsdnulsafinitos mssussilinssmindennusniiulunisinwanulsy
sdudeTuarmsdnThaianhfureusasdeluusazismeunasadinnuddalunisdhse
waztosfunaiimdenosiluewan sahanisatuayunsliorfudesesisamnnaunad
arwdrdylunistestunisieswastsandninindetinvesiihedidadonlueuanldodad
UsyAvEnm fedunmsfinuifeaiuifesiiosn suismsnsamamghes et Jeduslevd
Tumaidhseds Tunisinw lunsdenelfmneaunndtasiiindes warlufignusslonian
msSnweghangaazagiounInSnmadsTinuesiefnderiianas uarnafiuaua i

evesenfneswelulueuian

LONEI5819B9

1. Thailand. Office of the National Economic and Social Development Board 2010 [Available
from: http://social.nesdb.go.th/SocialStat/StatSubDefault_Final.aspx?catid=3.

2. Wilkendorf LS, Bowles E, Buil JB, van der Lee HAL, Posteraro B, Sanguinetti M, et al. Up-
date on Matrix-Assisted Laser Desorption lonization-Time of Flight Mass Spectrometry
Identification of Filamentous Fungi. J Clin Microbiol. 2020;58(12).

3. Koehler P, Bassetti M, Chakrabarti A, Chen SCA, Colombo AL, Hoenigl M, et al. Defining
and managing COVID-19-associated pulmonary aspersillosis: the 2020 ECMM/ISHAM
consensus criteria for research and clinical guidance. Lancet Infect Dis. 2021;21(6):e149-62.

4. Kume H, Yamazaki T, Togano T, Abe M, Tanuma H, Kawana S, et al. Epidemiology of
visceral mycoses in autopsy cases in Japan: comparison of the data from 1989, 1993,
1997, 2001, 2005 and 2007 in Annual of Pathological Autopsy Cases in Japan. Med
Mycol J. 2011;52(2):117-27.

5. Yamazaki T, Kume H, Murase S, Yamashita E, Arisawa M. Epidemiology of visceral

mycoses: analysis of data in annual of the pathological autopsy cases in Japan. J Clin



m lDUﬂ"IanS:DUHJU O (2D | —

Microbiol. 1999;37(6):1732-8.

6. Chakrabarti A, Chatterjee SS, Shivaprakash MR. Overview of opportunistic fungal infections
in India. Nihon Ishinkin Gakkai Zasshi. 2008;49(3):165-72.

7. Chakrabarti A, Chatterjee SS, Das A, Panda N, Shivaprakash MR, Kaur A, et al. Invasive
zygomycosis in India: experience in a tertiary care hospital. Postgrad Med J. 2009;85(1009):
573-81.

8. Slavin MA. The epidemiology of candidaemia and mould infections in Australia. J Antimicrob
Chemother. 2002;49 Suppl 1:3-6.

9. Heath CH, Slavin MA, Sorrell TC, Handke R, Harun A, Phillips M, et al. Population-based
surveillance for scedosporiosis in Australia: epidemiology, disease manifestations and
emergence of Scedosporium aurantiacum infection. Clin Microbiol Infect. 2009;15(7):689-93.

10. Chaiwarith R, Fakthongyoo A, Praparattanapan J, Boonmee D, Sirisanthana T, Supparat-
pinyo K. ltraconazole vs Fluconazole as a Primary Prophylaxis for Fungal Infections in
HIV-Infected Patients in Thailand. Curr HIV Res. 2011.

11. Ungpakorn R. Mycoses in Thailand: current concerns. Nihon Ishinkin Gakkai Zasshi.
2005;46(2):81-6.

12. Chariyalertsak S, Supparatpinyo K, Sirisanthana T, Nelson KE. A controlled trial of itracon-
azole as primary prophylaxis for systemic fungal infections in patients with advanced
human immunodeficiency virus infection in Thailand. Clin Infect Dis. 2002;34(2):277-84.

13. Chariyalertsak S, Sirisanthana T, Saengwonloey O, Nelson KE. Clinical presentation and
risk behaviors of patients with acquired immunodeficiency syndrome in Thailand, 1994-
-1998: regional variation and temporal trends. Clin Infect Dis. 2001;32(6):955-62.

14. Mahaisavariya P, Chaiprasert A, Sivayathorn A, Khemngern S. Deep fungal and higher
bacterial skin infections in Thailand: clinical manifestations and treatment regimens. Int
J Dermatol. 1999;38(4):279-84.

15. Sukroongreung S, Nilakul C, Ruangsomboon O, Chuakul W, Eampokalap B. Serotypes of
Cryptococcus neoformans isolated from patients prior to and during the AIDS era in
Thailand. Mycopathologia. 1996;135(2):75-8.

16. Imwidthaya P. Systemic fungal infections in Thailand. J Med Vet Mycol. 1994;32(5):395-9.

17. Kiertiburanakul S, Thibbadee C, Santanirand P. Invasive aspergillosis in a tertiary-care
hospital in Thailand. J Med Assoc Thai. 2007;90(5):895-902.

18. Brown GD, Denning DW, Gow NA, Levitz SM, Netea MG, White TC. Hidden killers: human
fungal infections. Sci Transl Med. 2012;4(165):165rv13.

19. Perfect JR. The antifungal pipeline: a reality check. Nat Rev Drug Discov. 2017;16(9):603-16.

20. Shapiro RS, Robbins N, Cowen LE. Regulatory circuitry governing fungal development,



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Practical Strategies and Innovative Approaches
for Improving Patient Outcome

drug resistance, and disease. Microbiol Mol Biol Rev. 2011;75(2):213-67.

Snelders E, van der Lee HA, Kuijpers J, Rijs AJ, Varga J, Samson RA, et al. Emergence of
azole resistance in Aspergillus fumigatus and spread of a single resistance mechanism.
PLoS Med. 2008;5(11):e219.

Fisher MC, Alastruey-Izquierdo A, Berman J, Bicanic T, Bignell EM, Bowyer P, et al. Tackling
the emerging threat of antifungal resistance to human health. Nat Rev Microbiol.
2022;20(9):557-71.

Vanden Bossche H. Biochemical targets for antifungal azole derivatives: hypothesis on
the mode of action. Curr Top Med Mycol. 1985;1:313-51.

Yoshida Y, Aoyama VY. Interaction of azole antifungal agents with cytochrome P-45014DM
purified from Saccharomyces cerevisiae microsomes. Biochem Pharmacol. 1987;36(2):229-
35.

Yoshida Y. Cytochrome P450 of fungi: primary target for azole antifungal agents. Curr Top
Med Mycol. 1988;2:388-418.

Chowdhary A, Sharma C, Hagen F, Meis JF. Exploring azole antifungal drug resistance in
Aspergillus fumigatus with special reference to resistance mechanisms. Future Microbiol.
2014;9(5):697-711.

Prigitano A, Venier V, Cogliati M, De Lorenzis G, Esposto MC, Tortorano AM. Azole-resistant
Aspergillus fumigatus in the environment of northern Italy, May 2011 to June 2012. Euro
Surveill. 2014;19(12):20747.

Vermeulen E, Lagrou K, Verweij PE. Azole resistance in Aspergillus fumigatus: a growing
public health concern. Curr Opin Infect Dis. 2013;26(6):493-500.

van der Linden JW, Camps SM, Kampinga GA, Arends JP, Debets-Ossenkopp YJ, Haas PJ,
et al. Aspergillosis due to voriconazole highly resistant Aspergillus fumigatus and recovery
of genetically related resistant isolates from domiciles. Clin Infect Dis. 2013;57(4):513-20.
van Ingen J, van der Lee HA, Rijs TA, Zoll J, Leenstra T, Melchers WJ, et al. Azole, polyene
and echinocandin MIC distributions for wild-type, TR34/L98H and TR46/Y121F/T289A
Aspergillus fumigatus isolates in the Netherlands. J Antimicrob Chemother. 2015;70(1):
178-81.

Hamilton-Miller JM. Fungal sterols and the mode of action of the polyene antibiotics.
Adv Appl Microbiol. 1974;17(0):109-34.

Torrado JJ, Espada R, Ballesteros MP, Torrado-Santiago S. Amphotericin B formulations
and drug targeting. J Pharm Sci. 2008;97(7):2405-25.

Clinical and Laboratory Standards Institute (CLSI). Performance Standards for Antifungal
Susceptibility Testing of Yeasts. 3rd ed. CLSI supplement M27M44S: Clinical and Labora-

o+



m lDUﬂ"IaOgS:DUHLTU O (2D | —

tory Standards Institute, USA; 2022.

34. Clinical and Laboratory Standards Institute (CLSI). Performance Standards for Antifungal
Susceptibility Testing of Filamentous Fungi. 3rd ed. CLSI supplement M38M51S: Clinical
and Laboratory Standards Institute, USA; 2022.

35. Pappas PG, Kauffman CA, Andes DR, Clancy CJ, Marr KA, Ostrosky-Zeichner L, et al. Clin-
ical Practice Guideline for the Management of Candidiasis: 2016 Update by the Infectious
Diseases Society of America. Clin Infect Dis. 2016;62(4):e1-50.

36. Alastruey-lzquierdo A, Melhem MS, Bonfietti LX, Rodriguez-Tudela JL. Susceptibility Test
for Fungi: Clinical and Laboratorial Correlations in Medical Mycology. Rev Inst Med Trop
Sao Paulo. 2015;57 Suppl 19:57-64.

37. Garcia-Effron G. Molecular Markers of Antifungal Resistance: Potential Uses in Routine
Practice and Future Perspectives. J Fungi (Basel). 2021;7(3).

38. Iriart X, Lavergne RA, Fillaux J, Valentin A, Magnaval JF, Berry A, et al. Routine identifica-
tion of medical fungi by the new Vitek MS matrix-assisted laser desorption ionization-time
of flight system with a new time-effective strategy. J Clin Microbiol. 2012;50(6):2107-10.

39. Guarro J, GeneJ, Stchigel AM. Developments in fungal taxonomy. Clin Microbiol Rev.
1999;12(3):454-500.

40. Irinyi L, Lackner M, de Hoog GS, Meyer W. DNA barcoding of fungi causing infections in
humans and animals. Fungal Biol. 2016;120(2):125-36.

41. Samson RA, Visagie CM, Houbraken J, Hong SB, Hubka V, Klaassen CH, et al. Phylogeny,
identification and nomenclature of the genus Aspergillus. Stud Mycol. 2014;78:141-73.

42. van Diepeningen AD, Feng P, Ahmed S, Sudhadham M, Bunyaratavej S, de Hoog GS.
Spectrum of Fusarium infections in tropical dermatology evidenced by multilocus se-
guencing typing diagnostics. Mycoses. 2015;58(1):48-57.

43. Simor AE, Porter V, Mubareka S, Chouinard M, Katz K, Vermeiren C, et al. Rapid Identifi-
cation of Candida Species from Positive Blood Cultures by Use of the FilmArray Blood
Culture Identification Panel. J Clin Microbiol. 2018;56(12).

44. Pelzer BW, Seufert R, Koldehoff M, Liebregts T, Schmidt D, Buer J, et al. Performance of
the AsperGenius(R) PCR assay for detecting azole resistant Aspergillus fumigatus in BAL
fluids from allogeneic HSCT recipients: A prospective cohort study from Essen, West
Germany. Med Mycol. 2020,58(2):268-71.

45. Chong GL, van de Sande WW, Dingemans GJ, Gaajetaan GR, Vonk AG, Hayette MP, et al.
Validation of a new Aspergillus real-time PCR assay for direct detection of Aspergillus and
azole resistance of Aspergillus fumigatus on bronchoalveolar lavage fluid. J Clin Microbi-
ol. 2015;53(3):868-74.



Practical Strategies and Innovative Approaches
for Improving Patient Outcome

46. Perlin DS, Wiederhold NP. Culture-Independent Molecular Methods for Detection of
Antifungal Resistance Mechanisms and Fungal Identification. J Infect Dis. 2017;216
(suppl_3):5458-S65.

47. Chong GM, van der Beek MT, von dem Borne PA, Boelens J, Steel E, Kampinga GA, et al.
PCR-based detection of Aspergillus fumigatus Cyp51A mutations on bronchoalveolar
lavage: a multicentre validation of the AsperGenius assay(R) in 201 patients with haema-
tological disease suspected for invasive aspergillosis. J Antimicrob Chemother.
2016;71(12):3528-35.



