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ϚȳМѝ  

ȸῂ ╬ ȳ в ╬ ȳ ╬ȳ ₤ἤ Ϥἤ

ȳҸқ ȳ ѫЛ ȳ ₤ ȳ ȳиІ

☼ᴩ ȳֵ ᶼ ἤ ȳᶶ ֵ ȳ☼ה ԝ 

Ὼדẃ֪ ◖ᾼ цԒ ᴩⱢ ֪ Ȳṿ – ἤ

╬Ự ЛϯȲ ֥Ẇ ɎmorbidityɏцײϺɎmortalityɏȲṳ═ Ɫכ

е ϱᾼ ȴӐ TNIS цֵ ч╣ ֯ в ╬ МῺד

ẃѩ Ἇϱד сȷAzole ἤᶼ ᾬᾼ ᾛṿӣȲ ᴩ☼כ

ᾼ оȲֽ non-albicans Candida spp.ȲaspergillusȲ mucormycetes

ᾼ ᴩ Ғȴ֯ ắ Ἠ Ừ ᾼ ῏ȳᵍꜟḀạᾼо

╬Ϸ ȴ Ϡϱ ᴻ ἤ ╬ ẂҵȲ ֯ῂ

ὑ П№ ἤӼ ѡ ȴẂֽȲ ֪ὑ Ӏ ȳϢЀ ц

П ȳ֮ ц П Ȳᵗ Ϡ ֽ coccidioidomycosisȳ

histoplasmosis ц blastomycosis ₤ἤ ἤ П ╬ ȷ ȳ

щḳі mucormycosisП њ ᾼ ╬ Ẃȴ ᾼ

ȳῂ ц в ╬ᾼ Ғцᶼ ᾬ ᾼ Ḇ Ғ ᾼ њ

ἤȴᴖ ṷ цῂ ╬ Ẕ☼ᴩ ЛὙȳֻ ֚ ֪І

цᶼ ἤ ἤצ∕ ȴ ᾼ ╬ ῧ ḚכӐᶮכ ᾼ Ȳ

╥Ӧὑ ῏ᴰ  Ȳѹᶼ ӣ ὗȴӑẃ ӣҠ Ḇὗ ᾬ

ᾼҏ ᴖḆᶮ Ғȴ֪צױӇ ∂Ӵ ᴕ ⅍ȲẦᵗӔ ứȲ ᴩ

⅍ Ȳṳ ᶶ ц ᾼ ứ ᵑȲẦᵗ ╬ Ȳ ᴖ

е Ṯᾙ ╟ȴ 

Ӑׁשṅ Ɫ ХדɎ102-106 Ӵ∂֯סɏȲד ᴕ ⅍Ȳ ẁ ứ
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ὢ ц Ṏ ȷ ᴩ ⅍ Ȳ в ☼ᴩ ȷṳ

ᶶ ц ᾼ ứ ᵑȲ цῂ ╬ ∂Ӵ ה☼

ԝ ᵑ ứȷׁש Ԓ иІи₤ᶾ ȷṳ ᶼ ἤ ạȴ ẞц

נ ứ Ȳ в☼ᴩ ᾓц ֪Ȳцᶼ ἤ ПиІ ạȲѿ

ẁṮᾙ שׁ П ᴕṼ ȴὑӐׁשṅМȲᶺ Ӽ ᷾Ϥ ԓ ֪ и

έ ү ᶩẓ҅ῶἤ Б῀ԓ ֪ᶧԝᾼ иέѩ

Ȳᶦ Ҡѿ Ӧԓ ֪ ᾼᶾ ᶺ ὑ цᶼ ἤצḆ ᾼ

Ϡ ȲѿḖ֯ ϱц ӣϱצἬּט ế ȴ᷄ҏḆֻᾼ ц☼

ӣὑᶶ циІ☼ иέȲṳ ᴖצᵗὑᶼ ᾬȳ

ȳꜟ ȳᶼ ἤц שׁ ЏᵂП ȴ 

ᶺ ᾼѻ ϫϚȸצ Ϛȳ Ҡ ֝ ȳ ȳ

 ȳ ֥ 26 ᶩ ᾭ ᾼ ԝֽ Aspergillus spp.Ȳ 

Fusarium spp.ȲMucor spp.ȲRhizopus spp.ȲCoccidioides spp.ȲRhizomucor 

pusillusȲ Penicillium marneffeiȲ Paecilomyces javanicussȲ Saksenaea 

vasiformisȲApophysomyces elegansȲAbsidia corymbifera ế Syncephalastrum 

racemosumȴױѠᾎ ἤ Ȳ  Mucor racemosusɎMuracɏᾼ  

Mucor hiemalis ế Mucor ramosissimus ӻϿч ȴ ⇔Ɫ 100 fg ~ 1 

ngȳ ᴨ ⇔Ɫ 10
2
 cells/ mlȴ ☼ Ҕᵶ Ҡὑ

5Њ вᶙכȴ ϡȳ ᶩ ӕ ế ᾭ ᾼreal-time PCR

Ѡᾎȴ ֥ ӣ ԝế real-time PCR ѠᾎȲ ӣὑᴨ

ϢцЊẐ ╬ ֚ П ȴ Ϯȳכғ ה☼ ԝ

Ṇ ȲҠ ᶶ Ӕ ֮ ứү в ╬ ц ɎЛ ȳ

  ᴥ ȳ цӪᴥἘ ɏȲ ⇔Ҡ  1-10 pg DNAȴ

в ╬ֵ ᶼ ἤ ᾼᶶ ֵ ӂүȴ ҳȳ∂Ӵ ἤ
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Ϥἤ ₤ἤ П Ѡᾎȴ Хȳ ₤ иІи₤ᶾ Ȳ

йᾃ Җּר ϩ іϤү ᾼҠ ἤȴ гȳ ѴЊ І

иІи₤ᶾ Ȳᵓӣ MultilocusɎATP9 and beta-tubulinɏᾎ и₤Ȳ

ᾼ ἤЊȲ צ ֮צ ᾼ ἤȴᶺ ϚḔ ∂Ӵ

MLVAᾼи₤ѠᾎȲѩ иέ ṷ ȴ ϝȳӦ ᶩ ц ᶼӢ ᶼ

ἤᾼ ἤ  2002-2012 иέ 12  Nocardia brasiliensis ᾼиІ☼ᴩ

Ȳᶺ ѩ ϠgyrBȲ 16SrRNAȲsecA1Ȳ Hsp65 ֪ и₤ᵑᾼѠᾎȴ

Л  gyrB ╥ М ẓצ ᵑϩȲѹҠ иҏ ╥ᵡⱢẓ ђ

ᾣȴѿц и╥ᵡẓצ ᾼ imipenem MIC ȴ ϥȳӦ ᶩ ц

ᶼӢ ᶼ ἤᾼ ἤ  2011-2013 иέ 33  Staphylococcus lugdunesis

ᾼиІ☼ᴩ ȴ ϟȳ═ ӣ MLSTиέү ҵȲṳ

ᴩ ἤиέȲѿ ϚḔ ▲☼ ἤȲц֮ ἤᾼиІ ȴ

ϫȳṿӣԓ ֪ ứᶧᶾ цԏ  Ɏoptical mappingɏ ӐЁ

ѫЛ  TCDC-AB0715 ֵ ᶼ ἤ ᴩԓ ֪ иέȲṳ  

TCDC-AB0715 Б῀ԓ ֪ᶧԝᾼ 8 ᴩѩ ֪ иέȲ

֪ᾼ ԝȲҔᵶᶧԝѱ◕ᾼ Ϥȳ ҷȳч ȳἨ ᾓȲ

ױ ᶼ ἤц ϩ оП ȴ ϫϚȳ ₤ ₇ Ṇ

ԓ   (TAF) ISO 15189 ⅍ ȴ 

ᶺ ϩὑ∂Ӵ ᴕ ⅍ȴד ₤ᵑ ֫ ᶩ

Ȳ֥ᵂ═ и₤ṳ ᶩц☼ ֥∂Ӵ ȴ ϱ═ ∂Ӵ

֥ᵂ …Ȳӻ ₤ᵑ Ἠ ẁ ȴᶦ Ӧ═ ᵘϩ Ҡ

☼ᴩц ứ ᶼ ἤ/ ἤ Ṇ П ᶮȴꜙѹ ҏ ἤ☼

ȳ цꜟ иІȴ 
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ϡȳAbstract 

Keywordsȸcommunity-acquired fungal infections, nosocomial fungal infections, 

newly emerging fungi, dimorphic imported fungi, Nocardia spp., 

Acinetobacter baumannii, Cryptococcus neoformans, 

Staphylococcus lugdunensis, molecular epidemiology, multiple-drug 

resistant bacteria, rapid and multiplex detection, suspension bead 

array  

Invasive infections caused by Candida spp. and nosocomial pathogens 

continue to cause high morbidity and mortality in a diverse range of debilitated 

and immunocompromised hosts and constitute an important public health 

problem. Rapid species identification and molecular epidemiology studies is 

important in elucidating transmission characteristics of pathogens and can help 

to fine tuning the control strategy. Continuous surveillance of type prevalence is 

also important for the adoption and development of vaccines and diagnostic 

assays. Investigation on resistance and resistance mechanism could help 

development of vaccines and diagnostics.  

This research is aiming at developing rapid species identification method, 

standardized typing methods, systematically collect more domestic and 

international isolates, integrate clinical, epidemiological data with typing data to 

establish a database. Identify significant clonal clusters and explore the specific 

differences at molecular levels. We also try to study the resistance and resistance 

mechanisms to have more scientific impact. Our major findings can be 

summarized into twelve points: Firstly , We have developed a 

microsphere-based suspension array (MSA) for the identification of 26 

medically important mold pathogens including Aspergillus spp., Fusarium spp., 

Mucor spp., Rhizopus spp., Coccidioides spp., Rhizomucor pusillus, Penicillium 
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marneffei, Paecilomyces javanicuss, Saksenaea vasiformis, Apophysomyces 

elegans, Absidia corymbifera, and Syncephalastrum racemosum. Twenty-three 

oligonucleotide probes were designed based on the internal transcribed spacer 

(ITS2) region for species level identification of molds. No cross-reactivity was 

identified except for probes of Mucor racemosus (Murac) which cross react with 

Mucor hiemalis and Mucor ramosissimus. The sensitivity of MSA is 100 fg to 1 

ng and 10
2
 cells/ml in simulated blood specimens. The whole procedure can be 

finished within 5 hours. Secondly, we have developed real-time PCR detection 

methods for clinically important yeast and mold pathogens and integrated the 

beads array and real-time detection methods and applied in the detection of 

various specimens from high-risk groups such as hematological and neonatal 

patients. Thirdlyȳwe develop a microsphere suspension array assay for rapid 

and accurate identification of four most important nosocomial pathogens, 

namely Staphylococcus aureus, Pseudomonas aeruginosa, Acinetobacter 

baumannii and Candida albicans. The specificity is high and the sensitivity of 

detection is 1-10 pg DNA. Fourthly , we have set up diagnostic methods for 

high-pathogenic imported dimorphic fungi. Fifthly , we developed molecular 

typing methods for Cryptococcus neoformans and monitor closely the possible 

introduction of the high virulent strains from North America. Sixthly, Typing 

methods for Microsporum canis by using multilocus sequence typing ɎATP9 

and beta-tubulinɏand MLVA were also developed. Seventhly, we carry out the 

molecular epidemiology study of Staphylococcus lugdunensis in Taiwan. 

Eigththly , we set up typing scheme for Nocardia brasilienis and conduct its 

molecular epidemiology study. Ninethly, we continue strain typing of Candida 

spp. by MLST and analyse the strain relatedness with international data to find 

out the epidemiological links and the geographical preferences. Tenthly, we 

published the whole genome sequence of a multiple drug resistant A. baumanei 
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strain TCDC-AB0715 and conducted comparative genomic study of our 

TCDC-AB0715 and 7 other reference strains which are already whole genome 

sequenced to identify gene rearrangement such as insertion, deletion, invertions 

or duplications in a hope to elucidate the resistance and virulence mechanisms. 

Twelflyȳquality system for cryptococcal antigen test has accredited to ISO 

15189 by the Taiwan Accreditation Foundation (TAF)ȴ 

We will establish a fungal reference laboratory in Taiwan. Our research 

results and typing data will be feedback to clinicians for refining their therapy 

regimen and collaborate to establish databases integrating typing results with 

clinical and epidemiological data.and provide research findings to control 

divisions for fine-tuning of their control strategies. Our continous efforts will 

eventually help to identify crucial points for disease intervention and display our 

strength and commitment in global participation and international collaboration. 

Such continuous efforts will help to understand the epidemiology as well as the 

evolution mechanisms of some high resistant/virulent clones, which can 

potentially help to identify specific diagnostic, vaccine, and epidemiological 

marker molecules. 
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Ӑѝ  

Ϛȳ›ṕ 

Ὼדẃ֪ ◖ᾼ цԒ ᴩⱢ ֪ Ȳṿ – ἤ

╬ כ ắ Ἠ Ừ ᾼ ῏ᵍꜟḀạᾼо ếᵍꜟ

֥Ẇ  (morbidity) цײϺ (mortality) ᾼѻ ֪ 1-5Ȳṳ═ Ɫеכ ϱ

ᾼ 6-10ȴ Ϡϱ ѻ Ɫ в ╬ ẂҵȲ ֯ῂ ὑ

П№ ἤӼ ѡ ȴẂֽȲ ֪ὑ Ӏ ȳϢЀ ц П ȳ

֮ щḳц П Ȳᵗ Ϡ ֽ coccidioidomycosis
11, 12ȳ

histoplasmosis 
13-15

 ц blastomycosis ₤ἤ ἤ П ╬ 16ȴ

ᾼ  
17ȳῂ ╬ᾼ Ғцᶼ ᾬ ᾼ Ḇ Ғ

ᾼ њἤȴᴖ ṷ цῂ ╬ Ẕ☼ᴩ ЛὙȳֻ

֚ ֪Іцᶼ ἤ ἤצ∕ ȴ ᾼ ╬Ғ Ϡᴰ Ȳṳ Ғ

ῧ ӐȲכ ╥Ӧὑ ῏ᴰ  Ȳѹᶼ ӣ ὗȴӑẃ ӣҠ

Ḇὗ ᾬᾼҏ ᴖḆᶮ Ғ 18, 19
 ȴ ╬ᾼϡ ṭ ȲϚ

Ɫ ᶼ ᾎ (HAARTȲᵛ‟ ᾼ ᶠ ᾎ)Ȳᾼҏ ц цȷẔϡ

Ɫ fluconazoleПϱӀ ѷȴ Ệ  צ Ϡ ╬ сП Ȳ

ᴖ ╬☼ᴩ ѿҫϚ ҏ ȲẂֽᶼ fluconazoleᾼ albicansᾼ

Ἐ צ ד Ғᾼ ȴ֪צױӇ ∂Ӵ Ȳṳ ᶶ ц ᾼ

ứ ᵑȲẦᵗ ╬ Ȳ ᴖ е Ṯᾙ ╟ȴ 

П ȳ֮ щḳц П ȲӼᵗ Ϡ П ╬ ȴ

רּ֯ רѿцּא҃ ֮Ȳ╥ coccidioidomycosisȳhistoplasmosisц

blastomycosis ₤ἤ ἤ  BSL3 ☼ᴩ ȴṼ רּ  

NETSS (National Electronic Telecommunications System for Surveillance) 

І Ṇ ֥֮ Ṇ ц Ȳиέ 1998-2001 ד ӱῺ



 8 

ẃ coccidioidomycosis צ ҒП Ȳṳ֪ ṓὑҍủ

╬Ȳṳиᵑ֯צ ₨ц 65 ѿϱᴔϢ П☼ ἤ 11ȴ

Coccidioidomycosis ṓ֯∂ Џ֮20Ἠ֯ᴕҡ ┤ ♂ӳ 12֪ᴊ

ᴖ ╬ȲἨ֪ ṶȲ њὑꜟ ╬Ό ∟֢ᴞ 21ȴ

Histoplasmosis ֪֯ ∂ Ɫ ֮ᾼЏ Мᴊ Ȳᴖ ԋ

Џ֮ ⅍ᾼ Ӣ☼ᴩ ╬13ȷӼ֪צ ♂ӳ Ёᴖ ╬

14ȷἨצᴟּר☺ ⅎ ╬22ȴPromed Ӽצ

Ὼ Ӧẃᴞ֢  ( ȳ ☺ȳ Ђȳ ȳ ẕȳᾌ ȳȳ

Ғ) כЄ ӢӢ ṅשׁ ȲᴟΊṸ֪ ẞ ᾼ Ȳ

ᴟ 201109 ▲Б῀ 24Мᴟюצ 8Ϣ֫ ∟֪  histoplasmosis   

(http://www.promedmail.org 7 Sep 2011 Cottle et. al.)̢ Ϣ

Ȳ ᵉԓ ֢֮Ȳ ὑΌ ⅎ П ᵑ ȲяẔ╥ҟ ☼ᴩ

֮ П ϢȲϷ ϱ ԝⱢᴕ ПМ23ȴѿѡӐⱢẂȲ ὑѡӐ֯

רּ ԏ♄ Ȳ Ӗ῏ ȲῺϫ ẃẔΌד ӖП coccidioidomycosis

ц histoplasmosis ᵫ Ẃצ ϱсПד ȴ ╥П╝ȲѡӐ1990 ֯נ

Б҅ד ϡ῏ԝⱢᾎứ ᵫ ╬ ȴ ὑᶺ ѡӐ ῺᴿȲү Ӽ

П циІ☼ᴩ цנ∂Ӵ ạȴ 

Ѫ  (mucormycetes) ײ ϫи ѹᶼ ἤ ה Ȳ ҟṇṓ

╬ ẂȲ ῺדẃϷצ ҒП Ȳ֯֙⇔ ἕ ᶟ ạᾼ Ѫ

БכⱢ Ȳ֯ ђ Мὧ ṓ 5-10 ѣủ ἤ☼ᴩ24ȴЭ

רϝѣּד  CDC ֯ MMWR ᵫ֯ ṭ֪א ∟Ȳ13 ֤ᵍꜟ

ԓӖ ֪  Apophysomyces trapeziformis כᾼ ╬ȲẔМ

10 ֤  ICUȲ5 ֤ײϺ (Robert et. al. 2011)̢Ẕ҃Ѫ ╬ ֮ ȳ

Ṟ ȳ ד ᾼẂІӼЛ ή ȴ֯ᵍꜟ ϢѪ Ḇ╥

http://www.promedmail.org/
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в ╬ Ȳ֯ᴨ Ừ Мᾼ ᴩ с 25ȴ֪ᴎ

ᴡѱ26ȳ ᴪ ц 27ȳ כ ἤ Rhizopus spp. ᾼ ╬Ӽ ắ ӭȴ 

₤  (Cryptococcus neoformans) ⇔ὑ 1894 ד Ȳ╥Ϛ

П ӕ Ȳ і  (cryptococcosis) ц ᾣ 

(cryptococcal meningitis)Ȳѷꜜ֢֮ᶁױצ ἤ Ӣȴ1955 דѿ›ԓ

ѝ  300 ẂȲ ᴖ ᵍꜟḀạ ᾎᾼ оц  (AIDS) 

ᾼ Ȳԓ Ẃצѡ ֵП ȴῺדẃȲ ₤ Б Ự

֪ײ ᴯȲѹᴾ ᾣ ֪ᾼ 5%Ȳ֪ױ і ꜜП ȴ

 (Cryptococcus) Ϛ Б῀37 צ  (species) ȲT ẓ ἤᾼֵⱢ

₤  (Cryptococcus neoformans) ȲẔ҃ ֽ Cryptococcus albidusȳ

C. laurentiiȳC. curvatus Ἠ C. humicola і ю Ẃ28ȴṼ иІ

ᶧԝиέ ₤ ҠиⱢϮṸ  (varieties)ȸC. neoformans var.grubii (ᴨ

₤ A) ȳC. neoformans var. gattii (ᴨ ₤ B ế C) ц C. neoformans var. 

neoformans (ᴨ ₤ D)̢ ₤ ὑЁ֯׀ ȳ ᾑᾬȳяҒᵓ ȳ

צ ᾬМȴ ᵶ ᾼ ЁἨ ϤῈ М Ȳ―Ҡ

Ӧẻᵮ ϤϢ ᴖ ╬ȴ ᵮϤ∟ ḛ ֯ῐᾚМȲі ῐ Ȳ

῏ ѽӔ T ғ Ȳ ԓṝṳ–ϤМ Ṇ Ȳі

ᾣȴ ѿ  ( ȳ ȳᶟ цᴨ ) ᾿ ѿ֙⇔ ә (India 

ink) ╬ᴥֵ ҵ ᵧ ԏ ȴ֯  Potato Dextrose  Ἠ 

Sabouraudôs Dextrose цЛᵶצ cycloheximide П Ȳὑ 20-37̆  

Ȳ2-3 щ ᾭȳṵӪᴥᴟ ᴥП ȴCornmeal Tween 80 ᵶẲ

֪ ᴥ ᶮכ ᴥ ȲҠ ϚḔ ᵑҏױ ӕ ȴἨѿṵ

 (latex agglutination) ᴨ Ἠ╥ М ₤ ᶼ Ȳ

ᶼ ϩ  1ȸ8 Ҡ Ɫ ╬ȴᶼ ϩ ӼҠⱢ ц П
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Ṽ ȴ 

Ṽ רּ  CDC Ϛ ᾼ ד Ӣ Ɫ 

0.2-0.9/100,000Ȳ֯ AIDS ῏ᾼד Ӣ Ɫ 2-4/1,000ȴ֯ ☺

Ϛ ᾼד Ӣ Ɫ  0.1-0.05/100,000 ( 0.16/100,000ȳ

0.066/100,000) 
29ȴ֯ ☺ц ᴫ Ϛ ᾼד Ӣ иᵑⱢ  0.66 ц

0.22/100,000 
30ȴ ₤ ╥ AIDS ṓᾼᴻ ἤ ╬Ȳּ֯ר ế ☺

╬ 3-10% צפּ Ȳ֯☺⁄  30%ȴ ₤

Ṽ₤ᵑ Ẕ ֪ІȳӢ ἤц֮ иᵉӼצ ȴC. 

neoformans var. grubii (ᴨ ₤ A) иᵉ Ӂԓѷ ȲꜜP ԓѷꜜᾼ ᾼ

70%ȴяẔ֯׀ ἨẔһ ֽ ȳ П ―Мȴ Ϣếּר

֮ ᾼ ╬ᴍиПᴍ╥Ӧᴨ ₤ A Ἤ  .ȴC. neoformans varכ

neoformans (ᴨ ₤ D) ᴾԓѷꜜ ᾼ 9%Ȳѻ иᵉ֯Җ ֮ ȴ

Ẕ ╬ ᶩϱ ≡ἤȲ ὔצ цԓṝἤ ╬Ȳ ю כ ᾣȴ

ᴞ ☺ֽО ȳᾎ ȳ ȳ Єᵓȳ ц Ђ Ṹ☺ᾼѡӐȲ

100%ꞋⱢ A Ἠ D ϡ ᴨ ₤ȴ  ᶪȳҒ Єȳ цҒאц №ֶ

ѿҵᾼּר Ȳ ᾼ  A Ἠ D ϡ ᴨ ₤Ӽֵ  85%ȴC. 

neoformans var. gattii (ᴨ ₤ B ц C) ᴩὑ ếṸ ֮ ֽђᴫȳ

М☺ȳђӁṸ вṸȳ ☺ȳҒאȳ №ֶȳ ᴫ ȳђἮְȳ֮

М ֮ ἨṸ☺ᾼ ȳ ȳ ȳ֙ ⇔цҼᾜ ȴ֮C. neoformans var. 

gattii ֻ ὑᵍꜟϩӔ ᾼϢṝϱȲὔ כ ếῐ ᾼ ╬Ȳ ײ

Ϻ Ẃ юȲᵀ ҵּדц  ᾼ ᾬᾙ ѹὔצ∟ ȴB ᴨ ₤ᴾԓѷ

ꜜ ᾼ 11%ȷᴖ C ᴨ ₤Ҭ2% צȲѹẔМ 88% Ӣὑּר ᾼ

ҒאȴC. neoformans var. gattii ᴨ ₤ B ֵ  (Eucalyptus spp.) צ

Ӣ ϱП ἤȲѻ Ӣ ὑ цṸ ֮ ṳЛṓὑ ֮ Ȳֽ
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Ṛ  (E. camaldulensisȳ  (E. tereticornis) ц  (E.citriodora) 

ȴ Ϡ ☺ӐЁѿҵҒאȳṸ ᵓṸȳ Єᵓȳц֙⇔Җ 31 ֮ ᾼṚ

Ҡи ҏC. neoformans var. gattiiȴү ֮ ὑṸ ֥ ᾼ

Ȳ Ɫ Ӣ ѹ Ȳᴞ1896 ד Ӧ ☺і ү ∟ȲБכ

Ɫү Ὥ ПϚȲӭ›ү ṓᾼ  צ  (E. longifolia) ȳ

 (E. globulus) ȳЄ  (E. robusta) ѿц  (E. citriodora) ȴ

ṷ ᾼ иᵉц ῧ  C. neoformans var. gattii ᾼ ╬╥ᵡẓ֮צ

ц ᶧϱᾼד ἤȲצ∕ ϚḔ ȴү ╬ ᶮȲүЄ

ṅשׁ ᵫМּ64.4% פ ╬Ӧ C. neoformans var. neoformans כȷּצפ 

35.6% ╬Ӧ C. neoformans var. gattii כȴ ᴖᴞ 1995 ד∟Ӧὑ

ᾼ ҒȲC. neoformans var. neoformans ╬ Ϸ֯ ϱсМȴӦὑ֢

Ṹ Ӣ ἤЛ֝Ȳ ᶩ ὔצṷ Ȳֽױ Ӈ Ṯᾙц

ᾙ Ȳ֪ױȲ ὑ в֢ᴨ ₤Пиᵉ ᶮצӇ Ғѿ ▲Ȳ ᶶ

₤ᵑ ᵑ Ӽϫи ȴ ₤ ѻ Ҕ╗Ϣȳ ȳᾰȳᾱ ȳ

щῊ ȳ ȳѳȳᴒȳ Іȳ ᶠ ȳ ȳ ȴ Ԇ Ҡ  ѣ

ᴟ ȴѡӐד ᾬ ϚẂ ☺ Ѐ ᶠ ֪ Ϻᾼײ ẂȲ

ứ Ɫ C.neoformans var. gattiiȲӦὑѡӐӐЁ Ꞌ  C. neoformans 

var. neoformans Ṹ Ȳ Ϸ╥ C. neoformans var. gattii Ṹ ⇔֯ѡӐ

и П Ẃ32Ȳ ᶠ ֯ ☺Бắ ╬ȴ ₤

―цϢ ᶩ и П ẓ֝דצӢо ἤȲ ᶼ

ἤц ạѱ◕ ⇔ֵ₤ἤ (RFLP) ╓ иέ 33ȴϚ ᴖṕȲϢ Ԛ ᾼ

ẂЬ ṇṓȴCryptococcus gattii Ϛ иᵉὑ цṸ Ȳᴞ 1999דῴ

װ ֯Ғ Є Vancouver IslandȲṳѹ֣в Ἃᴟ British ColumbiaȲ

1999-2007 ᾼ Ϻײ  8.7% (19/218)̢ 2004 ѿ∟ҏ רּ֯ ᴫҖ
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ыӂ◦ᾘỴ OregonȲWashingtonȲ CaliforniaȲIdaho Ȳא רּ  CDC 

ᾼ  MMWR Ἤ ᾼ Ȳ2004-2010 ӱẓצ כ  25% 

(15/60) ᾼײϺ ȴCryptococcus gattii ẓצ Ϻײ ѹ ╬ ᾼϢȲ֪

דױ Є ȴҒ Є Vancouver Island ц British Columbia Ἤ

ᾼ genotype ѻ Ɫ VGIIaȲẔ҃Ɫ VGIIbȴּ֯ר Ἤҏ ᾼ genotype 

Ϡ VGIIa  VGIIb ҵȲ VGIIc ᾼ צ ᵑȴ₤צ ᴔ ᾼ◖ἤ  

VGIIaȲVGIIc ὑ VGIIbȲ╝ẓצ ἤᾼ₤ᵑVGIIa ц VGIIc Ḇ

ᾃ ᾼȴCryptococcus gattii ᾼѻ ὑяҒᵓ֯׀ цЁ ȳ І

ӦϢ ♄ цӻ Џẓ כ ᾼ ᵉȲ֪ױ∂Ӵ ạᾼ

ȴ Ѡᾎ╥ᵓӣ MLST иҏ╥ᵡẓצ ἤᾼ₤ᵑȲṳѹѩ ╥

ᵡ ᶼ ẓצ ᶼ ἤȴ 

 (Staphylococcus lugdunensis) ֯Ϣ ӫ ԚӢṳ

ӫ ế ╬34, 35ȴ֯ Ệ ἤ ɎCNSɏМһ╥◖ἤ

ᾼȲ ἤế◖ϩ ᴿὑ  ᴥ  
35, 36ȴ ῺѡȲБ ẃ ֵ֮

╬ – ἤ ╬ѹײϺ Ȳֽ ᾣȲ

ᾣȲ ᾣȲ ᴨ Ȳ ᴨ ếїв ᾣ  
35, 36

.  

נ ứҏ ᵑȲ ц ϫиӇ Ȳױ Ҡ

ᵗὑצ ᷾ Ȳ ὗפּ ᾬᾼᾙ ӣȲṳ ᵍ Ӣ ᵂӣцᶼ

ἤȴ ᴖҵȲױ ᵑᾼ ứ֯☼ᴩ ϱϷ╥ ᾼȲẂֽ֯ ᾼ

ἪἨ Ἤч ứҏ ứᾼ Ҡ ӱ╥ ᾼẃ ȲяẔ

ᾼ Ӣ ѩӂ ἨⱢṇṓ  (ֽ C. lusitaniaeȲ C. lipolytica) 
37ȴנ

цӔ ᾼ ᵗὑצ цṮᾙ 
38, 39

 ȴ ֵҠЄиⱢ ӕ

ц Ẓ Ȳᴖ і ᾼ Єּ100-200 ֯פ ȴϚ ṓᾼϢ

Ҕ╗ Candida spp. ֽ C. albicansȲC. tropicalisȲC. parapsilosisȲ
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ế C. glabrata ѿц Cryptococcus neoformansȲAspergillus spp.ȲA. fumigatus 

ц A. niger ȴ П ᵑ Ѡᾎֽӣ SDAȳBHIȳCHROM 

agar ц╬ᴥᾎֽӣ KOHȳIndia Ink 
40Ȳ ₤ Ɫѻȴ ᾎ ϵȳ

ȳ ᾼ Ȳѹ ⇔Л ȴӢоӢ ᾎֽӣ API 

ID32C   (bioMérieux Inc.Ȳ France)ȳVitekIIȳRapid ᾎ оᶶ

ứᾼ  
41Ȳ ᵂϱѩ Ȳᵀ  48 Њ ИҠѿᵒ ὨȲ

ṳ Ẕ Ἤן П ṓ ȲИ Ӕצ ứ Ὠ 
42ȴῺẃȲϚ

ṷ П Ԍȳᶼכ ȳᶼ П иέᾎ ᴖӢ 
43ȴ

ẂֽȲᵓӣ ᾎ (LA)  C. neoformansʐ  
44ȲѿϮὙᾙ

ᵍꜟч  (EIA) 
45Ȳᵍꜟ ԏ╬ᴥ (IF) 

46 ếἘ ᶼ ȳἨᵓӣ 

EIAȳᵍꜟ ᾎ  (ID) Ἠ Ệứч  (CF)  blastomycosisȲ

coccidioidomycosisȲparacoccidioidomycosis ц histoplasmosis Пᶼ ϩ

 
47ȴ 

֯ ₉Ἦѿ☺֮ ḕצדХϫ ᾼ HIV ╬ ῏֪Ɫ

ᾣᴖ ϺȲᵀϷײכ Ҡѿ Ӧנ ếᾙ ᴖ ᵍײϺ ϱсȲ

ӭ›ṿӣ֯ ₤ ᾼ POCȲẂֽ CrAg Lateral Flow Assay ╥ᵍꜟ

Ṇ Ҡѿӣẃ ứ ếҙứ Ȳѻ ╥ ₤ ᾼᶈ ֵ ᶼ

Ȳ ҠѿⱢᴨ ȳᴨ ế ȲױѠᾎЛ ᶶ ѹѠ―

Ȳ ч Ҭ ϫи ȲѹЛ ԉᴶ 48ȴ 

ӭ › ӣ ֯  Aspergillus ᾼ POC Ѡ ᾎ Ȳ Ẃ ֽ

immuno-chromatographic lateral-flow device (LFD) ╥ Ϛ ᵓ ӣ

Aspergillus-specific MAb  Invasive aspergillus (IA) 
49ȴӭ› ӣ

֯ candida ᾼ Vaginal Yeast TestȲPOC ѠᾎȲẂֽ Savvycheck 

rapid yeast test
50ȴ 
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ῺȲ ᶾ ֽ֢  PCR ѠᾎП ẁᶶ ȳ ц

ᵑПᵓ 39, 51
 ȴѿ PCR ֥ ᵍꜟ ᾎ EIA Ἠ RFLP ᶾ 52, 53

ѿц ֥ᾎ54, 55 БצЛю ᵫȲ֯ Candida Ѡ ȲБצԒѿ 

PCR  ITS2 ◕Ȳԛѿ Ϛἤ  molecular beacons ứ  C. 

dubliniensis 
56Пѝ ȴױҵֽ ӣ֯ Aspergillus spp. 

57ȲCandida spp.
58Ȳ C. 

neoformans 
59Ȳ Penicillium marneffei ц ᾼ ₤ἤ ӕ  

60 П ᵑȴ

МCoccidiodes immitesȳHistoplasma capsulatum ц 

Blastomyces dermatitidis ᾼ о  GenProbe БכғϱӀȴ 

PCR ᾼ ⁄╥ᵓӣц  PCR ᾎ (real-time PCR)Ȳẓצᶶ  

(45min-2hr) ȳ ⇔Ḇ ȳҠứ ц ᵍᴆ╬  
61ȴᵠϢѡ› ҏ

Ҡ ứ7 ᶩϱ ṓ ᵑП  PCR-EIA 
62ȴϷ ѿ Light-Cycler  

Real-time PCRц 7 ᶩϱ ṓ П Ṇ 63, 64Ȳ ֪

ᾼⱢ ITS2 Ἠ large subunit ribosomal DNAȲҠ ứ ᶩ 65, 66ȴ 

Sugita Б ∂ӴϚ  ITS ᶧԝ ẃ ứ ᶩ ᾼ Trichosporon 

spp.Ȳ 24Њ ѿϯ 
67ȴNinet Ϛ ᵓӣ28S ᶧԝẃ ứӫ

  (dermatophytes species) ᾼ ȷABI еҨ⁄ ҏ

ᾼ D2 LSU rDNA ѱ◕Ҡԓᴞ оиέᶧԝᾼṆ Ȳṳ Ӧ ѩ

ᵑ ᵑȴứᶧ ᾼ large subunit ribosomal RNA ֪ȲӼҠ ẁᵂⱢ

 rDNA ҵҫϚѩ ц ᵑ ứП ᾼ 
68ȴ ṷ ֪

ᶧԝ Ḇ ᶙ ȲЛᵀҠᵂⱢи ứПṼ ȲḆҠ ẁіІȳ

ᾼ ȴ֢ ᾼԓ ֪ ᶶ ứᶧᶾ ӂүȲ Њ

вᶙכԓ ֪ ứᶧȲḆ ẁϠ҆Ϣ ӭᾼ ȴ 

ױ П ϚḔ ӣ⁄╥ П ᶾ Ȳֽ ԝ

ѱế☼ה ԝȲҠ Є ἤ  (ϱᴍᴟ )ȲѹҠṼ ᶩ
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ἨṮꜟиІ☼ᴩ ḖȲ ᵑȳ₤ᵑ ἤ Ȳ Ҡ ᾛ

ᶩϱ ṓ  
69ȲꜙҠ ϤҠ цϢ Ԛ ȲֽױϚẃȲ

Ҡѿ ю ֵ ѹᶶ ᾼ ứȴ ὑ в ἏἏ ᾼ

ֽ ꜙⱢצӣȴ ᾼ ԝѠ Ȳ ᶩ ṓ Ҕ╗Ἐ

ц  (Aspergillus spp.) Бצ ῶ 
70ȴ вכЄ  ◙ ῺӼБ

ҏ  64 П ԝ 
71ȴӭ›֯ԓ ắ ӭᾼ☼ה

ԝȲѻ Ɫϡ ԏ╬ ѿЛ֝ѩẂ ֥ҏ 100 ȲẔϱҠỆứ

о ӣ Ἠᶼ /ᶼ Ȳ  PCR ч Ἠᵍꜟч › П∕

ᾬ Ӣ ἤ ֥∟Ȳ ṷ ☼ ה☼ Ȳṳ Ϛ ῖ

ԏḇȲѿ―֝ цӭ ‒ ȴֽױҠ ȳᶶ ȳ

֮֝Ḕ  100 Л֝ ứӭ ᾬȴ ὑ ֵ ӑ῀ ╬

ᾼṮꜟцчӢ ᴯ ẓ ֯ ӣἤȴDiaz ế FellῺϮדᵓӣ

Luminex☼ה ֵ ᶶ ӂүȲиᵑ ҏ

Trichosporon genus ( ӕ ) ᵑ 
72ȳMalassezia species 

73 ᵑц 

Cryptococcus neoformans ứ 
74П ᶾ ȴPage ế Kurzman Ὼ

⁄ ῶᵓӣ Luminex ӂү ứἘ  
75ц 9 ᶩ ṓц 6 ṇ

ṓПІ ӕ ᾼ Luminex ᶾ  
76 ӣȴּר  CDC   ῶᵓ

ӣ Luminex ứ Candida albicansȲCandida tropicalisȲCandida glabrataȲ

Candida parapsilosisȲCandida krusei г ᶩ ӕ Ȳ ⇔Ҡ  0.5 

pg ᾼ DNAȲPCR ∟ Лẞ 1 Њ ᾼ  
77ȴ ᶾ ὑṮꜟ

ϱꜙ њᾼӑ῀ П ȲἨ ӼҠ ẁ и ḟП ȴ

в ѱᶾ ӂү שׁד ѿẃȲ֢  macro-/microarray Ϟᴟ 

lab-on-a-chip ᶾ Б כ Ȳѝ ϱ ῶ֢ П Ӽ≡ Ȳ֪ כ

ױ П ᶾ ӣὑᶶ ứ ἤ ╥ꜙⱢҠ
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ᴩПѠ֣ȴӐ ═ ӭ ПϚᵛ╥∂ӴἨҒ Ḇᶶ ȳ ⇔Ḇ ᾼ

Ȳ  multiplex PCR ὑ ц ᵑ ứᾼҠᴩ

ἤȲṳ ֥ᵂן ᾼᴨ Ἠԓᴨ ṳѩ

֢ цᵍꜟ Ѡᾎᾼ―ᵓȳ ἤᾼầ ⇔Ȳ ᴷ цᾼ

Ҡᴩἤȴ 

֢ иІи₤ (molecular typing) ᾼѠᾎ ᴖҏȲ Ϡצᵗὑ ᵑ

ứȳ ἤȳ ȳ в ȳ ȳ   
78ҵȲӼҠ ӣ

ὑ ϩȳᶼ ἤц֮ ἤ иІ װ П Ὑȴ иІи

₤ЏẓṼ ἤế ᾼӭᾼᴖứȲ ϱӇ ẓԛ ἤȳ ᵑϩȳ

ὔṿӣȲѹ ֣ ȳҠ ᴯӻ ȳ оȳ о ∂Ӵ  
79ȴ

֪ᶧԝи₤ᾼ rDNA ᶧԝȲиέѩ ₤ ᾼ ITS1-5.8S-ITS2 

region ᶧԝМᾼϥ ᴯ ᾼ  (10Ȳ11Ȳ15Ȳ108Ȳ(ITS1)Ȳ221 (5.8S)Ȳ 

298Ȳ346 (ITS2) Ҡ ₤ Ϯ  (varieties) иכ  7  type  

(type 1~7) 
80Ȳ֢ Ẕԓצ ֮ иᵉ ἤȴɔ ӣ C. parapsilosis ITS1-5.8S-ITS2 

region ᶧԝиέȲC. parapsilosis ҠиⱢҳ  (group IȲIIȲIIIȲIV) 
81ȴC. 

albicans ѿ 25S rRNA ֪Ɫ ᾼ ᴩ PCR ч ȲṼ ᾬѱ◕ЄЊ

ҠиⱢ genotype A (450 bp) Ȳgenotype B  (840 bp) Ȳgenotype C (450 bp and 

840 bp) Ȳgenotype E (1,400 bp)ȲC. dubinienesis (1,080 bp) 
82ȴ2002 דᾎ

῏ ∂Ӵ MLST (milti -locus sequence typing) Ɫ оѩ

ᾼӂү(http://www.mlst.net)ȴMLST Ɫ ═500bp ᾼ פּ 6-8 

֪(house-keeping genes) ứᶧȲḕϚ Л֝ (miltiantigen sequence typing)Ȳ

+ ἶᴪ ⁄Ҡ  omp1 ᾼ VS1-VS4 ᴩи₤ ȴḕ ⁄Ṽ

Ẕ ṷ ứ═ ֪ locusϱalleles ᾼ ֥ Ẕכᶮה ứᾼᶧԝ  ה

(sequence typeȲST) ѿ ѩ ȴMLSTẓצ ứȳ ᵑϩ Ȳᵓὑ ⅍

http://www.mlst.net/
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ӻ ѩ  
83Ȳṳ ғכ ӣὑ  C. albicans ᾼ в ╬☼ᴩ

ц ᴷԓ Пֵ ἤц …84
 ȴẔֽ҃ ἤᶧ

ԝ DNA ᾼиέȲֽ rep-PCR 
85

 Multilocus microsatellite genes иέȴֽ

о ᾼ satellite DNAϱᾼ micro- ц minisatellite Ἤ ᾼ 

VNTR (variable number of tandem repeats) Ἠ MLVA  (multiple- locus VNTR) 

и₤ᶾ ⁄ ӣẃ  C. albicans ᾼ оế  
86ȴ 

Ҹқѫ ᾬ ╥ ѫếḂṏᶼ ╬ᴥ ἤȲṳѹẓצ ᾭế ᾭ

иќᶮ ȴṿӣ16S rRNA ֪ứᶧБ ứ100 қѫ ᾬ ȴ 30

Ҹқѫ і Ϣ қ ếactinomycetoma 
87ȴ ᵍꜟғ ᵅϯᾼ ῏

ֽ HIV / AIDSᾼ ҒȲҸқѫ ╬Б ẃ ֵᾼ ȴЛ֝ᾬ ᾼ

Ҡ Л֝ᾼ֮ ᴖ оȴּ֯ר ếҒ ЄȲ Ҹқѫ

( Nocardia nova)╥ѻ ₇  88, 89ȴ֯ ѡӐế Ȳ╦ᾭ қѫ ( Nocardia 

asteroides complex)╥Ԓ› ᾼᾬ Ȳ ֯⁄╥Nocardia farcinica Ự

90-92ȴ֯ ᴫ Ѳ╥N.  cyriacigeorgica Ự′Ȳᴖ֯ ЄᵓṸ⁄╥N. brasiliensis 

93, 94
.ȴ֯ү ȲנԒ╥Nocardia asteroides complexі ԓṝӫ ╬Ɫѻȴ 

ȲN. brasiliensisᴫҖד1986 ү֯װ 95ȴ ֯ү ᾼҸқѫ

ṼᶧⱢN. brasiliensisɎ40- 50̟ ɏȲN.  cyriacigeorgica  ế N. farcinica  

96-98ȴ Ҡ ╥ ếЛ֝Ҹқѫ ᾬ ᾼ֮ иᵉᾼ֪ ПϚȴ 

ӭ›ȲN. brasiliensis ᴾϠ Є иӫ ╬
99- 101
ȴӫ ῶ Ҕ╗

Ȳ Ȳ ᾣȲӫϯ Ȳ ӫ ȲṜ ế І ђӫ

╬  ( sporotrichoid lymphocutaneous)ȴҸқ ∟ᾼ ⇔

Ṽד Ȳ ╬ ᴯȲᶝ Ἠ ἤᶮהȲц ѻ ἤȲֽד Ȳἤᵑế

֯ᾼ ȲֽȲ ᶟ ȲHIV malignacyἨ  ṿӣ Ệ ᾼ֯׀ᴖ ȴ 

ᾬϚ᾿╥ᾙ Ҹқѫ ᾼϚ ᾙ ᾬȴ ᴖȲᶼ
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רּ֯ ȲҒ Єếᴫ Ѳ☼ᴩȲяẔ╥ ὑ Ễᾼᾬ Ȳֽ N. 

farcinica  ế Ҹқѫ ( Nocardia nova)  
98, 101
ȴ֯ ṷ ӧ  -  

ӧ ɎTMP- SMXɏᾼ ֥ѩ ᾬ ᾎ ȲҠ Ғᾼᾙ

102
ȴ ᴖȲᶼTMP- SMX ᾼҏ ȴCeftriaxone ếd imipenem Ɫ╥

ϡᴩᾼ ᴩᾙ
88
ȴү ѿἏᾼׁשṅ֯ ȲЄֵ ᾼҸқѫ

TMP- SMX Ȳᵀ ciprofloxacin Ɏ98̟ ɏếimipenemɎ48̟ ɏẓᶼἤ 
98
.  

֢ қѫ ᾬ ӱЛ֝ᾼ ᶩế Ӣᾬ ῶ Ȳѿц◖ϩцֹו

ἤᾼ ἤ;֪ױȲ ᾼᾬ ứếиІи₤ ᾼ ᶮ ȴҸқ

ѫ ᾬ ϱṿӣᶮ ếӢᾬо ѠᾎȲֽ о и ế ֝о ȴ 

16S rRNA ֪ᾼᶧԝ ẃ ֵ֮ӣᵂӣὑҸқѫ ᾬ ứᾼ ҉Ѡ

ᾎȴиІи₤ֽ gyrase B, 16S r RNA, SecA preprotein translocase 

(secA1) subunit A, the 65 - kDa heat shock protein (hsp65) ế RNA 

polymerase (rpoB) MLST  
98̢ 

ֵᶼ ᾬᵧ ắἤȴ ᴖȲ֯ ҟᾼϡϫ

ד Ȳ ᶼἤᾼ ⇔Л ҒȲѹ ᴫὭֹו ἤҏ Б ⱢϚכ

ѻ ᾃᾼ ȴ֯ү Җ Ȳ֯ Ệ ἤ ᴨ М

Ӣ Ɫ╥0.87̟ ѹײϺ 20̟ ȴ10 Ɏ20.8̟ ɏи וֹ

ᴫὭế8   ᴥ צ V₤ ᴥ╬ה MECɎSCCmecɏ103ȴ

Ҡӣ ᾄếAGR  ֪и₤иέ ᴨ ῶ

₤ế ֪₤П ἤ 
104

. 

 

ὑӐׁשṅМȲᶺ Ϛֵ ה ֥ ч  (multiplex PCR) ѿ֥כ

11 в ╬ П 7 ɦ∟ ɧПᶼ ἤ ֪  pvl ֪ȴױҵӼᵓӣ

ה☼ ԝ  multiplex PCR П ᾬѿ ứ Ἤẓצᾼᶼ ἤ
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֪ȴᶼ ἤ ֪ᾼ Лᵀצᵗὑ ҒӔ ᾙ ᾼ Ȳ ὑ ᶼ ἤ

ᾼ цӑẃӣ Ѡ Ӽ ẁ Єᾼᵗ ȴ ПҵӼ᷾Ϥױ ԓ ֪

иέᾼԏ ᶾ Ȳ ᴩḆ ϤᾼׁשṅȲѿḖ֯ ϱц ӣϱצ

Ἤּט ế ȴ 

Ӑׁשṅ Ӵ∂֯ס ứȳцԒ иІи₤ᶾ Ȳṳ ᶼ ἤ ạȴ

ẞцנ ứ Ȳ в☼ᴩ ᾓц ֪Ȳцᶼ ἤ ПиІ

ạȲѿ ẁṮᾙ שׁ П ᴕṼ ȴ П ḆЄȲӣ

ḆЛ ᴖϚ Ȳ֪ױ ᾼ ứ ᵗὑצ ᶩḆ ֮᷾ Ȳ

ᵍ ᾬ ӣ ᶼ ἤ П ȴ 
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ϡȳḊ Ѡᾎ 

 (Ϛ) ȳ ẃ ц  

ᾭ Ԛ 52 Ҕ╗ ȳ ȳ ȳ ֥ ᴞ

Ӣᾬ ṅМїשцׁ׀’  (ῶϚ) Ȳ Exophiala dermatitidisȳSporothrix 

schenckiiȳTrichosporon asahiiȳMicrosporum gypseumȳChrysosporium spp.ȳ

Saccharomyces cerevisiae ⁄ן ᴞ 2007 CAP ϩ ד ȳ2008ד

Ȳԓ ᾼ ӣ Sabouraud dextrose agar (SDA) ȴ 

– ἤἤ ẃᴞүЄ ц Є    219 ᴯ

ᴨ דּ ϢԚ  2,773 Ԉ ȲẔМ 1,315 (48.1%) Ɫ bloodȲ1,057  

(38.1%) Ɫ garglingȲ394  (14.2%) Ɫ sputumȲ7 (0.3%) ⱢẔ҃ (ќ

Ḥ♃ ȳᴛ ȳῐѬȳῐḤ♃ ȳῐᾚḤ♃ ) ȴ 

ᶼ ἤ ẃ ϠᴞӢᾬ  Мї (BCRC)׀’ṅцשׁ

ᾼ ҵỮצ ֥ᵂן П ᶩи :   ᴥ   

(Staphylococcus aureus) 13 ȳmethicillin resistance Staphylococcus aureus 

(MRSA)  66 Ȳmethicillin susceptible Staphylococcus aureus (MSSA) 10

Ȳῶӫ  (S. epidermidis) 6 ȳ3 S. capitisȲϚ S. heamolyticusȲ

 (Enterococcus faecalis) 9 Ȳ   (Enterococcus faecium) 9

ȳ  (P. aeruginosa) 63 ȳЛ  (Acinetobacter spp.) 10 ȳ

A. baumannii 84 Ȳᵌ ᵄѫῐᾣ  (Klebsiella pneumoniae) 6 ȳ ᵌ

ᵄѫ  (Klebsiella oxytoca) 4 ȳЄ  (Escherichia coli) 4 ȳ

 (Enterobacter aerogenes) 4  (Enterobacter cloacae) 5

ȴἬצ Ꞌѿ TSA  (tryptone soy agar) plateᵂи ȴṳѿ APIц 

VitekII  ѠᾎҒѿ ứȲ ᵑȴ 
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ẃ Ҕ╗ ạ Ẃᴩ и П Ȳṳ

֥ᵂן в ᶩ ц Taiwan Surveillance of Antimicrobial 

Resistance of Yeasts Projec (TSARY) 1999 ц 2002 ȴἘ  C. 

tropicalis ᾼүЄ  14 ᴯ  ICU ϢПֵ и Ԛ  50 ȴC. 

albicansן ᴞϫד  (1997-2006) ԓ25 ע и Ԛ 

201 ȴ ₤  Cryptococcus neoformans 1999 ц 2001 דи Ԛ 

14 ȴ Пи ӣ Sabouraud dextrose agar (SDA) ȴ П₤

цӢ Ӣо ứ ӣ ῤ  Germ-tube assayȲ ӣ ӣП API-32

Ἠ VITEK2 ӕ Ӣоқѱᴞ ứṆ ȴ 

Ҹқ ế (Staphylococcus lugdunesis) ẃ Ɫ МЍ

ӫ  ᵂȴ֥דּ

 (ϡ) ȳ и DNA ᾼ ậ 

и ∟ӣ PUREGENE DNA Purification Kit (GentraȲ

MinneapolisȲ MinnesotaȲ USA) ậ DNAȴ ṕПȲ֯ SDA ϱ  2~3 

щ∟ȲậẒ ᾼ ὑ 2 ml PBS вȲҒϤ 10-15 ml и

Ȳ ὑ 37̆  ỏȴ13,000 x g ї 3 и П∟Ȳҟ ϱ ȷҒϤ 2 ml 

Cell Lysis SolutionȲ ︡ Ḥ ѿ ẞи ᾼ ὨȴП∟ҒϤ 1 ml 

Protein Precipitation SolutionȲ ȷ13,000 x g ї 10 иה20ּ ȴ

ậϱ ҒϤ 100% Ѷ ṿ DNA ḛ ȷѿ 70% ♃ ∟ȲҒϤ 50 

ml DNA Hydration Solution  DNAȴѿ A260 DNA ᾼ Ȳ’׀ὑ ï80

˘ȴ ᾭ ѿ Sabouraud dextrose broth ὑ 25̆  Ȳ᾿ẞ

 ҏ∟ ậ DNAȴ ҒϤᵶ300 צ mgᾼ glass beads (Biospec 

ProductsȲ BartlesvilleȲOkla.) ц 600 ml ᾼ Tissue and Cell Lysis Solution ᾼ 
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2 ml screw cap tube ∟ὍϤ Mini - Beadbeate ѿ 4,200 rpm Ȳ  5и

Ȳ ∟ ậᴟ 1.5 ml centrifuge tube ѿ MasterPureÓ 

Yeast DNA Purification Kit (EPICENTRE
®
 BiotechnologiesȲMadisonȲ 

Wisconsin) ậ DNAȴѿѿиԏԏ⇔  DNA ᾼ Ȳ∟’׀ ï80̆ ȴ 

 (Ϯ) ȳ☼ה ԝ  

1. іІц П ц֥כ 

Ἤצ ᾭ ᾼ species-specific Ἠ groups-specific ╥

GenBank  ITS2 region ᾼᶧԝᵓӣ BioEdit 7.0 ᾪ ᴩֵᶧԝѩ

ȴ ṷ species-specific Ἠ groups-specific צṷ╥ ᾼצṷ╥

ᴕѿ› ᵫἨᵂ Ḃȴ 

ᴞᴩứᶧ ᾼ ITS ế 16S ֪ᶧԝṳ  NCBI ϱ ц

 rDNA ᶧԝȲṳѿ Microsoft Access 2000 ∂Ӵᶧԝᾼ ȴ

ӣ Squencher ᴩֵ ᶧԝѩ Ȳ ϢЏ Ӕ∟Ȳ᷄ҏ֢ Ԛ

ẓצ ᵑἤᾼᶧԝȲ ѿ іІế ȴ 

ᾛ  ITS іІҠᵓӣ PCR ч ҏҔᵶ и 16S rRNA 

֪ȳITS и 23S rRNA ֪Пѱ◕ȴẔᶧԝֽϯȸ 

Forward primerȸ5'-GTCGTAACAAGGTAGCCGTA-3 

Reverse primerȸ5'- (T/G) A (C/G) TGCCAAGGCATCCACC-3 

2.  ITS3 ɽ ITS4 П ֥ ч  (PCR)   

ѿ ITS3 (5ɵGCA TCG ATG AAG AAC GCA GC 3ɵ) ế ITS4 (5ɵ 

TCC TCC GCT TAT TGA TAT GC 3ɵ ) іІ  ITS2 (internal 

transcribed spacer) ȲPCR ч Ȳ Ɫ 50 ɛlȲвᵶ 10 ng ∕

DNAȲ25ɛl 2X Master Mix  (Fermentas) Ȳц 50 nM of ITS3 (forward 
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primer) Ȳ200 nM of ITS4 (reverse primer) ȲẔ Ғ Ѭ лȴч ῴỞ

ѿ 95˘ 5и ⇔Ȳ35 װ ᾼ ἤч Ÿ ế 58˘ 30 ה30ּ ˘95 

Ÿ 72̆ הּ  1 и ֥Ἃ ч Ȳ ∟Ɫ 72̆  10 и ֥Ἃ ч ȴ

PCR ṿӣ PTC-200 (MJ research) ȴ 

3. ITS П ֥ ч  (PCR)  

ц∕ ᶩ ᴩ PCRч ȴч Ɫ 50 ɛlȲв

ᵶ 1 ɛlᾼ chromosome DNA (concentration < 102 ɛg/ml) Ȳforward 

primer 1 ɛlȲ reverse primer 1 ɛl  (10 ɛM) Ȳ22 ɛlѬȲ25 ɛlПẒ master 

mix  (Fermentas) ȴч ῴỞѿ 94̆  10и ⇔Ȳ34 װ ᾼ ἤч  

94̆  30 Ÿ ế 55̆ הּ  20 Ÿ 72̆ הּ  1 и ֥Ἃ ч Ȳ ∟Ɫ 

72̆  10 и ֥Ἃ ч ȴPCR ṿӣ PTC-200 (MJ research) ȴ 

4. ᾄиέ (agarose gel electrophoresis)  

ѿ 1.5̨  ӧ ᴩ DN A ᾄиέȲṿӣ 1.5%  (wt/vol) 

ᾼ ȸ ậ 0.6 g ᾼ agarose Ὅ ὑ 100 ml ᾼ ᶮ МȲṳҒϤ 

40 ml Ѭȴѿ ᾌҒ Ȳ л ᵍ ᾚ Ӣȴױ П

Ɫ 40 mlȲ Ϥ Мṳ Ϥ Ȳ и 45 פּ

ᶙԓ Ệȴ Бᶙԓ Ệᾼ ᴟ 0.5Xᾼ TBE (0.1 M TrisȲ 0.09 M 

boric acidȲ1 mM  EDTA) ᾄғ ứⱢ 120V/cmȲ35 и Ȳ  

EtBr ╬ᴥ 15 и ∟Ȳ ῏ѿ Ѭҟ╬ ȴὑװ ҵԏϯ  PCR П

ὨȲѿ 100-bp  DNA иІ ѱ◕֝ ȴ 

5. Ệứо ὑ ϱ 

ậ 2.5 x 10
6 

 (LuminexȲTX) ȲҒϤ50 µl 0.1 M 2- (N-morpholono) 

ethanesulfonic acid (MES) buffer pH 4.5 (Sigma) 1 mM 
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oligonucleotideȴᶧԝᾼ Ɫ֯ 5ɵamino Ғϱ 12-carbon linkerȴҒϤ 3 

ɛl  1-ethyl-3-3 (3-3-dimethylaminopropyl) carbodiimide hydrochloride   

(EDC) solution (10 mg/ml)  (Pierce Biotechnology) ȲҠ

֥Ȳ ὑ⅍ ч  30 и ȴП∟ԛҒϤ 3 ɛl ᾼ EDC ч  30 и

ȴ EDCч ∟ȲҒϤ 0.5 ml 0.02% Tween 20Ȳ ֥ᶁлȲ8000 rpm

ї 2 и Ȳҟ ϱ ȲҒϤ 0.5 ml of 0.1% SDS ♃∟Ȳԛѿ 8000 rpm

ї 2 и Ȳҟ ϱ ȴ ∟ ѿ 50 ɛl Tris-EDTA ֫ Ȳ ὑ 4˘ 

Ἢ’׀ȴ 

6. ᾬ Ϛἤ ӻ 

ѿ 1.5X tetramethylammonium chloride (TMAC) solution  

(SigmaȲ St. LouisȲ MO) ȴTMAC solutionҔᵶ 4.5 M TMACȳ0.15% 

Sarkosylȳ75 mM Tris-HCl pH 8.0 6 mM EDTA  (pH 8.0)̢ậ 33 ɛl 1.5X 

TMAC Ҕᵶ 5,000 17 ɛl ᾬ ֥ᶁлȲ ὑ ⅍ὑ 95ïC 

ч 10и Ȳ ὑ 45̆  ч  30 и ȴѿ 6000 rpm ї 5 и Ȳ

ҟ ϱ ȲҒϤ75 ɛl 1X TMAC solution Ҕᵶ10 ng/ɛl 

streptavidin-R-phycoerythrin  (Molecular ProbesȲEugeneȲOR) Ȳ ὑ Ἢ 

40̆  10и ȴ ∟ ӐиᵑҒᴟ 96 э ELIS A Ȳѿ Bio-Plex 200 

Suspension Array System  (Bio-Rad LaboratoriesȲ Inc. HerculesȲ CA) 

ȴ ԏ ⇔Мᴯ   (Median fluorescent intensityȲ MFI) Ɫ 100

ПМᴯ ȲԛӦ Bio-Plex Manager 4.1.1 иέ Ὠȴ 

ה☼ .7 ԝ П ⇔  

Ἴậ DNA ѿϫ ᶧԝ Ȳ ⇔Ӧ 10 ɛg/mlᴟ 10 pg/mlȲ

ӦẔМậ 1 ɛl Ɫ template DNA ᴩ☼ה ԝ Ȳ ☼ ֽ 
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 (ҳ) ȳᶼӢ ắἤ  

רּ ᶩ ⅍  ṅ (Clinical and Laboratory Standardsשׁ

InstituteȲCLSI) Ἤ ῶᾼ ⁄ẃ  oxacillinȳvancomycinȳimipenemế

ciprofloxacin ᶼӢ ֯ ҵ ḕϚ П ᵅḀạ ⇔  (Minimum 

Inhibitory ConcentrationȲMIC)̢ṿӣѠᾎⱢ ᾎ  (agar dilution 

method) ȴ 

 (Х) ȳҸқ ה ᾄиέ (PFGE)  

Nocardia PFGE plug ᵂ ᵂ☼ Ԓ ᾼ colony ὑ 10 ml 

BHI broth (  3days)Ȳ∕ḛ ∟ậ ὑ BHI broth  (ᵶ 15% 

sucrose and 2% glycine) subculture 4hrsȲṿẔ  lysozyme ȴӣ 5 ml TEN 

(0.1M Tris-HClȲ 0.1M EDTAȲ 0.15M NaCl) washẒװȴԛ ὑ EC 

buffer  (6 mM Tris-HClȲ0.1M EDTAȲ1M NaClȲ1% sarcosineȲ0.2% 

sodium-deoxycholate) ⇔ᴟ 2x108 cells/mlȴ  1% agarose ѩẂ

֥ȴPlug ὑ 1 ml EC buffer (ᵶ 20mg/ml lysozyme) ὑ 37ʕ ч  

overnightȴ  EC buffer ∟ҒϤ 1 ml ESP buffer (0.5M EDTAȲ1% 

sarcosineȲ1 mg/ml proteinase K) ὑ 50 ʕч  24 hrsȴ ᾼ ESP buffer

∟ҒϤ 1 ml ᾼ ESP ὑ 50ʕ ч 24 hrsȴ 

ạ  ( Л֝ᾼ species )ȸ  In silico ҏ HpaIȲ 

SpeIȲ  SspIȲ  XbaI (N. farcinica) ҳ ạ Ȳҫҵѩ  AseI (N. 

Farcinica) ȲXba I and Ase I  (N. Seriolae) ạ ȴ  XbaI  SpeI Ἤ

ᾼ band Єּ35-40 פ ҿҢȲᶁ ֥ᵂⱢѩ ᾼ ԈȲ ẃ Ғᾼ

ԛѩ Ẕ ֕ȴ 

 (г) ȳ ה ᾄ (PFGE) ц BssHII ạ йѱ◕иέ 
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PFGE ц BssHII ạ ѱ◕иέП ᵂ ṓБ ῶП ѝ 105ȴ

ѿ IS-1000 Digital Imaging System (Alpha Innotech CorporationȲ San 

LeandroȲCalif.) П Ṇד ậ׀ṳד ȴɲɔ ӣ Bionumerics 5.1 (Applied 

MathsȲKortrijkȲBelgium) иέ ậ Ȳṳѹѿ ᾭ ѩ ֢

П …ȴᴯ ֯ 1% ҠᶴắȲᴖ Ṿо╥ ֯ 3% ȴṿ

ӣ І…  (Dice Coefficient) ҟиέѱ◕דᴿ⇔ (SAB) Ȳ ᾭ иέ

ӣ UPGMA (Unweighted pair group method using arithmetic average) ᾼѠ

ȴה и ѱ◕דᴿ⇔Њὑ 95% Ȳ Ɫ╥Л֝ᾼ PFGE genotypesȴ 

 (ϝ) ȳֵᴯ ֪ᶧԝиέᾎ (Multilocus Sequence TypingȲ MLST )   

1. ӕ ═ ֪цPCR Ԉ 

Candida albicans ҏϝ  AAT1aȳACC1ȳVPS13ȳMPIbȳADP1ȳ

ZWF1 ц SYA1ȴ Candida glabrata г  housekeeping loci  

(housekeeping gene loci) иᵑⱢ FKSȳLEU2ȳNMT1ȳTRP1ȳUGP1 ц 

URA3ȴCandida tropicalis г  loci иᵑⱢ ICL1ȳ MDR1ȳ SAPT2ȳ 

SAPT4ȳXYR1 ц ZWF1aȴCandida krusei  г loci иᵑⱢ ADE2ȳ

HIS3ȳ LEU2ȳLYS2ȳ NMT1 ц TRP1ȴ 

ѿ PTC-200 96-well thermal cycler (MJ Research) ᴩ PCR ч ȴC. 

albicans ч Ҕᵶ 2 ɛl DNA (10ng/ɛl) Ȳ4 ɛl primer (5 ɛM) Ȳ10 ɛl 

distilled waterȲц TEMPLY PCR kit (LTK BioLaboratories) ȴч ԈⱢ 94

˘Ȳ2 min denatureȲ ᴩ 25 cycle  94̆ Ȳ 1 min Ÿ 52̆ Ȳ1 mi Ÿ 72

˘Ȳ 1 minᾼч Ȳ ∟Ɫ 72̆ Ȳ 10 minȴC. glabrata PCR ч Ɫ 20 

ɛlȲвᵶ10 צ ng DNAȳḕ  primer 50 pmolȳ1.25U Taq DNA polymeraseȳ

5 ɛl ᾼ 10X bufferц 200 ɛM deoxynucleoside triphosphateȴPCR ч Ԉ
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Ɫ 95̆ Ȳ5 min denatureȲ ᴩ 30 cycle  93̆ Ȳ 30S ŸṼ ֪

ѱ◕ᾼЛ֝Ȳ ֥ ⇔ 50-57̆  Л Ȳ 1 min Ÿ 72̆ Ȳ1 min ᾼч

Ȳ ∟Ɫ 72̆ Ȳ4 minᾼч ȴч Ҕᵶ 6 ɛl DNA  (10ng/ɛl) Ȳ2 

ɛl primer (5 ɛM) Ȳ5 ɛl distilled waterȲ ц TEMPLY PCR kit   (LTK 

BioLaboratories) ȴч ԈⱢ 94̆ Ȳ7 min denatureȲ ᴩ 30  cycle  

94̆ Ȳ 1 min Ÿ 52̆ Ȳ1 min Ÿ 74̆ Ȳ1 min 5 seconds ᾼч Ȳ ∟Ɫ 74

˘Ȳ 10 minȴứᶧч ṿӣᾼіІ  PCR ч ȲṳứᶧӔчϡῖȲ֝ד

ч Пиέṿӣ ABI 3100 avant (PE Applied Biosystems) ȴ 

 

2. MLST═ ֪цPCR Ԉ 

S. lugdunensis ҏϝ  aroE (shikimate dehydrogenase), dat (D-amino 

acid aminotransferase), ddl (D-alanine:D-alanine ligase), gmk (guanylate 

kinase), ldh (L-lactate dehydrogenase), recA (recombinase), and yqiL 

(acetyl-coenzyme A acetyltransferase) 
106

. PCRч Ɫ 25 ɛl, Ҕᵶ

20 ng ᾼ genomic DNAȲ֢ 1 ɛl ᾼӔ֣цч֣ primer (5 ɛM)ц 12.5 ɛl of 

Master Mix (2X) (Fermentas, Hanover, MD)ȴ ԈⱢ 94̆ Ȳ5 min denatureȲ

ᴩ 25 cycle  94̆  30 secȲ 30 min Ÿ 50˘Ȳ1 mi Ÿ 72̆ Ȳ 1 min

ᾼч Ȳ ∟Ɫ 72̆ Ȳ 7 minȴ ч П ṿӣ T3000 thermal cycler 

(Biometra, Gottingen, Germany). 

 

3. PCRч  

ѿ PTC-200 96-well thermal cycler (MJ Research) ᴩ PCR ч ȴ

Candida albicans ч Ҕᵶ 2 ɛl DNA (10ng/ɛl) Ȳ4 ɛl primer (5 ɛM) Ȳ

10 ɛl distilled waterȲц TEMPLY PCR kit (LTK BioLaboratories) ȴч
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ԈⱢ 94̆ Ȳ2 min denatureȲ ᴩ 25 cycle  94̆ Ȳ 1 min Ÿ 52̆ Ȳ1 mi 

Ÿ 72̆ Ȳ 1 minᾼч Ȳ ∟Ɫ 72̆ Ȳ 10 minȴCandida glabrata PCR ч

Ɫ 20 ɛlȲвᵶ10 צ ng DNAȳḕ  primer 50 pmolȳ1.25U Taq DNA 

polymeraseȳ5 ɛl ᾼ 10X bufferц 200 ɛM deoxynucleoside triphosphateȴ

PCR ч ԈⱢ 95̆ Ȳ5 min denatureȲ ᴩ 30 cycle  93̆ Ȳ 30S Ÿ

Ṽ ֪ѱ◕ᾼЛ֝Ȳ ֥ ⇔ 50-57̆  Л Ȳ 1 min Ÿ 72

˘Ȳ1 min ᾼч Ȳ ∟Ɫ 72̆ Ȳ4 minᾼч ȴч Ҕᵶ 6 ɛl DNA  

(10ng/ɛl) Ȳ2 ɛl primer (5 ɛM) Ȳ5 ɛl distilled waterȲ ц TEMPLY PCR kit   

(LTK BioLaboratories) ȴч ԈⱢ 94̆ Ȳ7 min denatureȲ ᴩ 30  

cycle  94̆ Ȳ 1 min Ÿ 52̆ Ȳ1 min Ÿ 74̆ Ȳ1 min 5 seconds ᾼч Ȳ

∟Ɫ 74̆ Ȳ 10 minȴứᶧч ṿӣᾼіІ  PCR ч ȲṳứᶧӔч֝ד

ϡῖȲч Пиέṿӣ ABI 3100 avant (PE Applied Biosystems) ȴ 

 (ϥ) ȳ ₤  IGS ц M13 PCR Fingerprinting  

IGS …  Cryptococcus gattii VGII ᾼи₤ѠᾎἬṿӣᾼ primerⱢȸ 

IGSF (5-CCGAGGCAGGACACACATAC-3)  

IGSR (5-GGCGGAATACAAATACTACTTACCT-3)  

PCRч П ԈⱢ 94̆ Ȳ5 min denatureȲ ᴩ 35 cycle (94̆ Ȳ1 

min Ÿ 50̆ Ȳ1 min Ÿ 72̆ Ȳ20 s) Ȳ ∟Ɫ 72̆ Ȳ 6 min
107ȴM13 ὑ

minisatellite и ₤ Ѡ ה Ȳ Ἤ ṿ ӣ ᾼ primer Ɫ M13 

(5- GAGGGTGGCGGTTCT- 3)ȲPCRч П ԈⱢ 94̆ Ȳ5 min denatureȲ 

ᴩ 35 cycle  (94̆ Ȳ1 min Ÿ 51̆ Ȳ1 min Ÿ 72̆ Ȳ20 s) Ȳ ∟Ɫ

72̆ Ȳ 6 minȴ ᾄ ԈⱢ  120VȲ Ɫ 0.5X TBEȲ ᾄ Ɫ 30 
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minȴѩ ᾄ ᾼ band typeȲѩ …╥ ὑ ₤  VGI~IV

Ἠ╥ VNI~IVȴ 

 (ϟ) ȳ ᶧԝѩ иέȳ ц ∂Ӵ 

ứᶧ∟ᾼ ᶮ Ϥ Bionumerics 5.1 иέ Ȳ֯ ϱѩ ḕ

locus ᾼᶧԝ∟Ȳϱ  (http://www.mlst.net) ѩ ֢ locus ᾼ ֪₤ȴṳѹ

Ἤצ Ἤצ loci ᾼ₤ᵑ ֥Ɫ ᵑᾼ sequence types (STs) Ȳ∂Ӵү

Ἐ П ȴү Л֝ Ἤи П ѩ ȴ֢

…╥ѿ  UPGMA ᾼѠהѩ ֪ᾼᶧԝȴѿ  Minimum 

Spanning Tree (MST) ∂ӴӐЁ ц ҵ П …ȴ 

 (ϫ) ȳ ֪ ứᶧ ứᶧ∟ DNA ѱ◕П ֥ 

ӐׁשṅМᾼ ѫЛ ֪ …ỗ ὙЄ ứᶧМїѿ Illumina 

Genome Analyzer II ӂүᶙכứ ȴᵻ ӢᾼЄ ậѱ◕ (reads) ⁄ѿ CLC 

bio ֥כ contigsȲ ∟ ẞ ⇔ Ó 1 Kb ᾼ contigs ֥  114 

ȴ ṷ  contigs Ӕ Ϥ῀ иέ ȳṳ Ԓ›Бậ ᾼ  optical 

mapping Ὠ ᴩ ֥Мȴ 

http://www.mlst.net/
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Ϯȳ Ὠ 

 (Ϛ) ȳ– ἤ  Real time PCR  

ᵓӣ Real time PCR  ( Ϯ A) иέ 178 ᴯ Ϣц 2,182 ȲẔ

М ITS3-4 pan-fungal 661 צԈ (30. 3%) Ɫ positiveȲצ 1,521Ԉ (69. 

7%) Ɫ negativeȲ ϚḔ  ITS3-4 pan-fungal positive ᾼ ѿ 

pan-Candida иέԚ 661Ԉ Ȳ Ὠ positive צ 287Ԉ (43.4%) Ȳ 

negative 374 צԈ (56.6%) ȷᴖѿ pan-Aspergillus иέԚ 661Ԉ

ȲẔ Ὠ positive צ 4Ԉ  (0.6%) Ȳ negative צ 657Ԉ (99.4%)

ȴ ֥ѿϱ Ὠ ῀Ȳ Ɫ pan-fungal М Candida species ᾼ

ѩẂ  43.4%ȲAspergillus species ᾼѩẂ ᴾ 0.6%ȴ 

2,182 Ԉ ẃ иᵑ╥ bloodȳgarglingȳsputum цẔ҃ (ќ Ḥ

♃ ȳᴛ ȳῐѬȳῐḤ♃ ȳῐᾚḤ♃ ) Ȳ֯ pan-Candida иέ

ὨⱢ positiveᾼ 287 Ԉ МȲ ֯ bloodȳsputum ế gargling ҏȲ

иᵑ╥ ᾼ 0.7% ц 28.2% ц 71.1%ȴ֯  pan-Aspergillus иέ ὨⱢ

positive ᾼ 4 Ԉ МȲ֝ ֯ bloodȳsputum ế gargling ҏȲ

Pan-Aspergillus positive ֪ Ɫ positive ᾼ ӭыюȲѩ ἬᴾПѩẂ

Лẓ ȴ 

 Tm ᾼиέȲ ứ 5 ᾼ Candida species (C. albicansȲC. 

glabrataȲC. tropicalisȲC. parasilosisц C. krusei) ц Aspergillus species (A. 

fumigatesȲA. flavusȲ A. nigerȲ A. nidulans ц A. terreus) Ȳᶺ иᵑԝ

ҏẔ Tm ȲPan-fungal ᾼ Ὠ ᵅᴟ  Candida species ṼᶧⱢ C. 

tropicalisȲC. parapsilosisȲC. glabrataȲC. albicans ц C. kruseiȲ ⇔

╥ 84.18~84.27ʕ ᴟ 90.69~90.78
 ʕȲ ᵅ Ɫ 6.5ʕȲAspergillus 
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species ṼᶧⱢ A. nigerȲA. flavusȲA. fumigatus ц A. nidulansȲ ⇔

╥ 92.44~92.5ʕ ᴟ 93.6~93.67
 ʕȲ ᵅ  1.2

 ʕ Ȳҫҵ A. terreus

ṳӑצὙ ᾼ Tm ȴPan-Candida ᾼ Ὠ ᵅᴟ  Candida species Tm 

ᾼ ֝ Pan-fungalȲ ⇔ ╥ 81.45~81.5ʕ ᴟ 89.81~89.9ʕȲ ᵅ

Ὼ 8.5ʕȴPan-Aspergillus ᾼ Ὠ ᵅᴟ  Aspergillus species Tm

ᾼ ֝ Pan-fungalȲ ⇔ ╥ 91.72~91.96ʕ ᴟ 93.9
 ʕȲ ᵅ

2
 ʕȲẔ ὨֽῶϡȴӦѿϱᾼ Ὠ ῀ȲҠᵓӣѩ Tm ᾼ ᵅȲἨ

ҏ М╥ᵡ֯׀█ speciesȴ 

ᶺ ϚḔѩ Real time PCR pan-fungalȲ  Pan-Candida ц

Pan-Aspergillus Л֝ primerᾼ Tm ԝṆ ᾼ ὨȲ ứϠ 13

Ϣц 20 ȲṼ ῶϡᾼ Ғѿѩ Ȳѿּמᴥֿῶӱ Tm ᾼ

MSAᾼ Ὠדᵭ֥Ȳ Ὠד ẃכ Real time PCRᾼ Ὠ

ԝṆ  Candida speciesМᾼ C. albicansȲ C. glabrataц C. tropicalis

Aspergillus species Мᾼ A. flavusȲ Ὠ ṓῶϮȴ 

ᵓӣ pan-fungalȲ Pan-Candida цPan-Aspergillus primer ᴩReal time 

PCR∟Ȳѿ Tm ᵒứ Ἤᵶ Candida Ἠ Aspergillus ᾼ species ֪Ɫ

ֵ֥ ᾼ Candida  Ἠ Aspergillus Л֝ᾼ speciesȲᴖ כ ᵒἨ

█ṷ speciesȴⱢ ᵍ ᵒᶺ Ḃѿ Species-specific primer ᴩ Real time 

PCR ( Ϯ) ȴ275 Ԉ ԝṆ Candida speciesⱢ ἤ ѿ

Candida species-specific primer ᴩ Real time PCR Ὠ 223Ԉ (81.1%) Ɫ

ἤȷ֯ 70Ԉ ԝṆ Ɫ֝ ᵶצ 2 ѿϱ Candida species 

Мצ 48Ԉ Real time PCR Ὠ ԝṆ Ϛ Ɫ̢10Ԉ ԝ

Ṇ Aspergillus speciesⱢ ἤ ѿ Aspergillus species-specific primer

ᴩ Real time PCR Ὠ 9Ԉ (90.0%) Ɫ ἤȲẔМ 1Ԉ ԝṆ
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ᵶצ 2 Aspergillus speciesT Real time PCRҬ ҏ 1 ̢4Ԉ ԝ

Ṇ Candida speciesц Aspergillus speciesⱢ ἤ иᵑѿ Candida 

species-specific primerȳAspergillus species-specific primer ᴩ Real time PCR 

2Ԉ Ὠ╥Ϛ ᾼ̢Real time PCR Ὠ ԝṆ ЛϚ ᾼ ֪

Ҡ Ɫ юἨ╥Ḁạ֪Іᾼ ȴ 

 (ϡ) ȳ ἤ Ѡᾎᾼ∂Ӵ 

ᶺ ἤ  Coccidioides species ц  Histoplasma 

capsulatum ∂ӴϠᵍꜟциІ ᾼѠᾎȴCoccidioides species ᵍꜟ

ᾼѠᾎѻ ӣᵍꜟ ᾼѠᾎȲӦ ὨҠ ҏ sample ᾼ ἤч ֽ

ҳ (A) Ἤӱȴҫҵᶺ ӣиІ ᾼѠᾎ  Coccidioides species ᾼ

П CSP geneȲ ҳ (B) ᾼ Ὠ ῀ Lane 2Ȳ3 C. posadasii (C735) ц 

C. immitis (RS) ּ֯500 פ bp ҿҢצὙ ᾼ Ȳ ṳḥצ ҏ ȴ  

Histoplasma caspulatum ᶺ ֝ ӣᵍꜟ циІ ᾼѠᾎȲᵍꜟ

 Coccidioides species דᴿȲצᶼ ч ҏ ҏ Ḛ П

ȴHistoplasma capsulatumg ꜟ ᾎ֯иІ Мṿӣ M antigen gene 

(  )ȴ 

 (Ϯ) ȳ ԝ ứ  

1. Ϛἤ 

Ϛ ӱ П ᵓӣ ԝ ứ ᾭ Ϛἤꜙ ȴ

ἤ Ὠᾼ S/Bѩ  (sample fluorescence intensity to background  

fluorescence intensity ratio) Ɫ 7.9ᴟ 123.4ȴ 

2. ἤ ԛ ἤиέ 
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Ɫ ԝṆ ֯ ứ ᾭ ᾼ ἤȲ ȳ

ȳ ȳ ֥ ᾼ╬ᴥ ⇔  10 ng ᴟ 10
-5 

ngȲ

Ὠ ӱȲӐṆ Ҡѿ Ɫ 1ng  (Absidia corymbiferaȳ

Syncephalastrum racemosum) ᴟ 10
-4 

ng (Aspergillus nigerȳAspergillus 

terreusȳFusarium moniliformeȳFusarium pallidoroseumȳPenicillium marneffei)  

(ῶҳ) ȴ 

ԛ ἤиέȲ ᾭ  49 ᴩϮװ ԝ

ȲҠ ẞ֝דᾼ ὨȲќ═☼ה ԝᾼ ԛ ἤ ȴ 

3. ֵ ֥  

ᴷ ԝ ֵ ПҠᴩἤȲ ứЛ֝ᾼ Aspergillus 

flavus╬ᴥ ⇔ (1 ngȳ100 pgȳ10 pgȳ1 pg)  Aspergillus fumigatus (1 

ng)  ế  Rhizopus oryzae  (1 ng)  ֥ ᴩиέȴ Ὠ ӱ  A. 

fumigatusȳR. oryzae ╬ᴥ ⇔Ɫ A. flavusᾼ 100 Ȳᵓӣ☼ה

ԝЬҠ ҏ A. fumigatus Ȳῶӱ ԝҠצ ᾼ иҏֵ

 (  ) ȴ 

4. ԝṆ ӣὑ ᶩ ПҠᴩἤ 

Ɫ ԝṆ ӣὑ ᶩ ứПҠᴩἤцᾼ ἤȲ

10
5
 cells/ ml Aspergillus nidulansиӢ І (conidia) ᴨ ֥ᶁл∟

ᴟ 10
0 

cell/ ml∟ ậ DNAȲ ԝṆ ἤ Ὠ ӱ

Ɫ 10
2
 cells/ ml ( ) ȴ 

5. ԝṆ – ἤ  

ԝṆ ᴨ Ϣ ṓ ╬ᾼ Candida species (C. 

albicansȲC. dubliniensisȲC. glabrataȲC. kruseiȲC. lusitaniaeȲC. 
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parapsilosisȲC. tropicalisȲC. guilliermondiiȲAspergillus species  (A. flavusȲ

A. fumigatusȲA. nidulansȲA. nigerȲ A. terreus) ц Cryptococcus neoformans

∂Ӵ Ȳ  299 ᴯ– ἤ Ϣ  3,815 Ԉ Ȳ784   

(20.6%) Ԉ Ɫ positiveȲ49 (1.3%) Ԉ Ɫ beyond cuttoff̢ 784 Ԉ

positive М 744 (19.5%) ԈⱢ  Candida speciesȳ23 (0.6%) ԈⱢ 

Aspergillus speciesȳ 13 (0.3%) ԈⱢ  Candida species ц  Aspergillus 

speciesȳ4 (0.5%) Ԉ Ɫ Candida species positiveц Aspergillus species 

Ɫ beyond cutoff̢ 49 Ԉ beyond cuttoff М 43 Ԉ (1.1%)Ɫ Candida 

speciesȲ6 Ԉ (0.2%)  Aspergillus species (ῶХ) ȴ 

ד2011 1ѣᴟ ד2014 9ѣ 3,815 Ԉ Ȳиᵑ ᴞ bloodȳgarglingȳ

sputum цẔ҃ (ќ Ḥ♃ ȳᴛ ȳῐѬȳῐḤ♃ ȳῐᾚḤ♃ ) Ȳ

֯ 784 Ԉ  positiveᾼ  gargling ц sputum ᴾֵ Ȳиᵑ╥

 35.5% (517/1,457) ц 42.7% (226/529)ȴ ᵶצ Candida species ᾼ 

746 Ԉ иᵑ╥ gargling 512Ԉ( 35.1%)ȳ sputum 204Ԉ  ( 38.6%)ȳ

blood 26Ԉ (1.4 %)ȳẔ҃ 4Ԉ (44.4 %) ̢Aspergillus species ֯ 

bloodȳ sputum ҏиᵑ╥ ᾼ  0.7% (12/1,828) ц 2.1% 

(11/533) ̢֝ ᵶצ  Candida species ц  Aspergillus species ⁄╥֯ 

gargling ц  sputum ҏȲᴾ ᾼ 0.2% (3/1,461) ц  1.9% 

(10/533) ̢ᴖẔ҃ Ҕ╗ќ Ḥ♃ ȳᴛ ȳῐѬȳῐḤ♃ ȳῐ

ᾚḤ♃ 4Ԉ צԈȲ 9 צ ҏᵶצ Candida species (ῶХ) Ȳ֪

юṳЛẓ ȴ 

ԝṆ Ɫ positive ц beyond cutoff ᾼ ȲṼ ҏ

Ἤᵶצᾼ species ѿ ϚἤіІᵂ Ȳ Ὠ ӱϚ ȴᴖ и ѿ

ᾄ  ITS3-4 pan-fungal PCR Ὠᵶצ ᾬᵀ ԝṆ Ὠ
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Ɫ negativeȲ ϡ῏ ὨЛϚ ᾼ ITS3-4 pan-fungal іІ (1) צ֪

и Ӣᾬ Internal transcribed spacer (ITS) regionצ cross reactionȲ

ᵶצẔ҃ Ӣᾬֽ gargling ᵶצ ᾬ Ȳ⁄֯ ᴩ ITS3-4 

pan-fungal PCR  ѱ◕ ȷ (2) МἬᵶצП species ֯

ԝṆ М Ϛ ᶧԝ צ Ȳ Ϛἤ ᾎ Ẕ

ӻȷ (3) ֪Ɫ Ϛἤ ╥ѿᴨ דּ Ϣ ṓ ╬ᾼ

Ἤ Ȳ Ϣ МἬᵶ ⱢюṓЛ֯ᶺ ᾼ М⁄ ᾎ

ҏȴ 

 (ҳ) ȳ ԝ ứ ṓ в ╬  

ῶгⱢӐ МἬṿӣᾼ ᶩ ӭѿцד ᾼ ȴῶ

ϝ⁄ⱢἬṿӣᾼẒ іІȲиᵑ ѿц Ȳ֝

ṿӣὑ ֥ ч Мȴ ϥⱢ multiplex PCR ᾼ ᾄ Ȳиᵑ

Ϛᾼ ѿцẒ ֥ᾼч Ȳ ᾄ М lane 2 Ɫ Ϛ

C. albicanȲlane 3 Ɫ A. baumanniiȲ lane 4 Ɫ P. aeruginosaȲ lane 5 Ɫ 

S. aureusȲ lane 6 ⁄╥ C. albican Ғϱ A. baumanniiȲ lane 7 Ɫ C. 

albican Ғϱ P. aeruginosaȲlane 8 Ɫ C. albican Ғϱ S. aureusȲ lane 9

Ɫ A. baumannii Ғϱ P. aeruginosaȲ lane 10 Ɫ P. aeruginosa Ғϱ S. 

aureusȲlane 11 Ɫ A. baumannii Ғϱ S. aureusȴӦ МҠ דṓכ

ᾼ ֪ѱ◕ꞋצӔ ᾼ ὍЄҏẃȲ оᾼḔ ∟ԛ ᴩ

ԝ ȴ 

ѿẔ҃ ṓᾼ ᵂ Ȳṳḥצԉᴶ  positive 

signalȲminimum ratio ꞋЊὑ1Ȳ ᾼ Ϛἤ Ȳ ἤ Ӣȴ

ϚḔ ᶩ ȲҔᵶצ MSSAȳMRSAȳ ȳ ѫЛ

ȳ ȳЄ ȳӫ ѿцẔ҃Ἐ ...Ȳ֢
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Ьẓ ϚἤȲminimum ratio ὑ 2.7Ȳᴖ negative ꞋЊὑ 

1ȴ МἬ ᾼ ѿц Ṇ ПӔ ἤȴ  sensitity Ɫṿ

ӣ DNA ⇔ Ӧ 10 ng ~ 1 fg (Ҡṿӣ 1 µl ᾼ 10 ng ⇔ DNA  

PCR ∟ Ὠ) ȴ 

 (Х) ȳᵓӣ MLST Ἠ PFGEи₤ вц Ἐ ȳ ȳҸқ

ц ПиІ☼ᴩ  

1. C. tropicalis 

ѿ MLST иέүЄ  14 ᴯ ICU ϢПֵ и Ԛ 50 

C. tropicalisȲԚ21 צ  diploid sequence types (DSTs) Ӣȴѿ UPGMA

ᾭ иέȲṿᶧԝדᴿ⇔Єὑ74%ȲἬצ ҠиⱢϮ  clonal groupsȲ

clonal group I (13 ) ц II    DSTȲᴖ clonal group III  8 צ֢ ( 26) 

(11 ) ⁄Ҕᵶ 5  DSTȴPFGE-NaeI иⱢг clusters  (cluster A ᴟ 

F) цϮ  minor groups (minor group I ᴟ IIIȴMLST  PFGE-NaeI ⇔

ד ἤ (p <0.05) ȴ 

 Jacobsen Ϣѿ  eBUST иέẔἬן  242 Ẕ֢҃ C. 

tropicalis  
108

ѩȲүד  ӭ›Ἤן ᾼ Ԛи ὑ 7  eBURST 

clustersȲᴖӐׁשṅᾼ ⁄ѻ иӁὑ 3  clusters МȲẔМҔ╗ clonal 

group III (ҔᵶDST 134ȳ175  178) ὑѻ ẃᴞ цּר☺ ᾼ

eBURST clusters 1Ȳclonal group I ᾼ  (Ҕᵶ DST 98 ц 140) и ὑ

Єֵẃᴞү  (ю ẃᴞ ц ѩṸ) ᾼeBURST clusters 4Ȳᴖ

clonal group IIМҔ╗DST 169ȳ174 ц 177 ⁄ ╗ὑԓ Ɫү

ПeBURST clusters 7ȴ 

Ӧὑ  C. tropicalis Ɫ  (diploid) ӕ ȲẔЛ֝ ֪ 
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(alleles) ϱSNP (single nucleotide polymorphism) ᴯ оҠ ӢЛ֝

heterozygosity / homozygosity (heterozygous / homozygous SNPs) ȴӐׁשṅ

МȲӦ Ϛ ϢἬи ҏПֵ Ҡ Ӧ MLST ᶧԝϱ SNP оП

Ȳ ϚḔ ṷ ֯ Ϣ ϱ ᴩ  (replacement) ȳ о  

(microevolution) Ἠ ═Л  (maintenance) ᶮȴи ᴞ P2 Ϣᾼ3

МȲDOH86g018  DOH86g082 ẓ֝דצᾼ DST 165ȲẔҔᵶϠ

16  heterozygosityȲ ᴖ  DOH86g099 Ɫ  DST173 ⁄ צ 7

heterozygosityȴױẒ  DST ᾼ C. tropicalis Ȳ֯ MDR1 ֪ϱẓ

heterozygosity ᾼ  9 צ ȴẃᴞ  P6 ᾼ ȲDOH86g070 ( ὑ

DST169) DOH86g076 (DST170) ֢ ẓ7צц8  heterozygosityȲҬ֯

ZWF1a ֪ϱẓ1 צ  heterozygosity ᾼ ȴ֝ ᾼȲDOH86g095 (

ὑ DST134) and DOH86g031 ( ὑ DST TW1) и ᴞ P13 Ϸ֯SAPT2 

֪ϱẓ1 צ  heterozygosity ᾼ ȴҫҵȲӦֵ ẃᴞ P10  P11 

ᾼ МȲ ὑ Ϛ ֪ϱẔ heterozygosity ᾼ оϷᵧ ֵ ἤȴ

ѿϱ ὨҠ ẁᶺ Ϡ ὑ C. tropicalis ֯ Ϣṝϱ Ӣ оᾼ

ȴ ֯ Ϛ ֪ϱ Ӣ heterozygous SNP ᾼ ὑӐׁשṅМҬṓὑ 

clonal group II ц IIIȴẃᴞ Ϣ P4ȳP5ȳP7ȳP8ȳP9ȳP10ȳP11  P12 

ᾼ֢֝Ϛ ϢПи ⁄ֵ֯ ֪ϱ ӢЛ֝ᾼ heterozygosity Ȳ

ױ ᶮϷ ὑ C. albicans 
109

 ц C. glabrata 
110ȴᴖẃᴞP1ȳP3  P14

ᾼֵ ⁄ ═Ϛ֝דDSTὑ֝Ϛ Ϣṝϱȴ 

ᶼ ἤиέѠ ȲẔMICs ὨֽῶϥἬӱȴ֯  50  C. 

tropicalis МȲҬצϚ  voriconazole ẓᶼἤȲẔ҃ ὑ azole 

ᾬҔ╗ voriconazole ц fluconazle ꞋⱢ ἤȷ֯ amphotericin B 

ᾼ МȲϷҬצϚ ẓᶼ ἤȴ ᴖȲὑ flucytosine ᾼ МȲ
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MIC  2צ Ɫ 32 ɛg/ml Ɫᶼ и ᴞ P1Ȳѿц 11 М

ᶼ ἤ (intermediately resistant; MIC=8-16 ɛg/ml) иᵑẃᴞὑ Ϣ 

P1  (7 ) ȳP7 (1 ) ȳP10 (2 )  P14 (1 ) ȴ ṷ ὑ flucytosine 

ẓᶼἤᾼ МȲ(12/13) 92.3% צ Ꞌ ὑ DST 164ȴ 

ᵓӣ e-Burst Ѡᾎ  MLST Ὠи3 כ ₤ȴᴖ  Tavanti ϢἬ

ῶѝ 111М ѩ Ȳ ᶺ ᾼ Ϛ Ẕẃᴞּר ᾼ ϡ ד

ῺȲᴖᶺ ᾼ ϡ ᶼצ fluconazole  14 צȲẔМ 20 צ ἤȲ

ᴾϠ 70%ȴ֯ ϡ Мᾼ 20 ҬиҏϠҳ  DST ₤ȲẔМ DST98 צ

Ẓ ȳDST137 צϚ ȳDST140 15 צ ц DST144 2 צ Ȳ ᵑ

ᾃ ᾼ╥Ȳ ϡ Мᶼ ἤ ϚԚ14 צ Ȳᴖ֯ DST140 М ᴾϠ

11 Ȳѿц֯ DST140 Мẃᴞ֝Ϛ   (N2)  ᾼצг ȲҔᵶϠ 1 

ḥצᶼ ἤ 5 ᶼצ ἤȲѹг ẃ ẃᴞᶟ ᾼи ᴾϠ5  

(83.3̟ )  ( ϟ) ȴ 

DST 140 ╥ TSARY1999 ѻ ᾼ Fluconazole resistant cloneȲⱢϠ

Ϡ  DST 140 ╥ᵡ═ ү֯׀ ȴӐ ṅᶺשׁ ṿӣϠ MLST ᾼѠᾎи

έϠ TSARY2006 דи ᾼ 50 Ἐ ȴẔМ 31 ╥ Resistant 

(MIC>64) Ȳ19 ╥ Susceptible (MIC<16) Ȳ ṷ 2006 ד ᾼ

⁄╥ ֝דṿӣẃᴞ╥ד 1999  ᾼи ȴ 31 ᾼ Resistant М 

DST 140 ц 98 ᴾϠ 11  (ѩẂ 35.5̟ ) Ȳ19  ᾼ Susceptible ЛҔᵶ 

DST 140 ц 98ȴԛ῏ 1999  2006 и ᾼ 53  Fluconazole Resistant 

МDST 140 ц 98 ᴾϠ24  (ѩẂ45.3̟ ) ȴFluconazoleʐ ἤ MLST 

alleleᾼ …ȲFluconazole resistant МMDR1 (allele=3) ѩẂ92.1̟ Ȳ

SAPT4 (allele=17) ѩẂ92.1̟ ȲXYR1 (allele=54) ѩẂ88.6̟ Ȳ╥ᵡ ṷ 

allele  Fluconazole ᾼᶼ ἤ ἤצ Ȳ Ḇ ϚḔᾼׁשṅȴ 
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DST 140 ц98 ֮ ц ᾼ …ȲDST 140 ẃᴞЛ֝ 10 Л֝

ц֮ ҖМὧᶁ ╗Ȳ DST 98 ẃᴞЛ֝ 4 Л֝ ц֮

Җ ц ȴ Ὠẃכ Ẓ  DST ᾛиᵉὑү Ȳṳḥצ ц

ᾼ outbreak Ӣȴ 

֯үЄ  35 Миҏ 19 DST ₤ȲѹẔ  Tavanti ϢἬ

ҏ ҵ 87DST ₤ ѩ Ȳү ᾼ 19  DST ₤МȲ  DST 134ȳ175 ế 

178  Tavanti Ϣᾼ ϡ ῺҵȲẔ҃דצ Л֯ ѠἬиᾼϮЄ₤Мȴ 

2. C. albicans 

 Clade ᾼиᵉᴖṕȲү  201 и Є иⱢ 14  Clade  

( ϫ) ȲClade 1 (37 isolates) ȲClade 4 (35) ȲClade 16 (26) ȲClade 3 

(15)  ȲClade 17 (14) ȲClade 9 (11) ȲClade 10 (10) ȲClade 8 and Clade 11 

(7) цẔ҃ Ɫװ ᾼ Cladeȴѩ ֢ clade М ABC type ᾼѩẂȲA type 

ἬᴾѩẂ ῏ֽ Clade 1 (25/37) Ȳ Clade 7 (3/3) ȲClade 8 (6/7) ȷB type 

ἬᴾѩẂ ῏ֽClade 3 (16/16) ȲClade 4 (30/36) ȲClade 10(10/10)Ȳ 

Clade 12 (8/9) ȲClade 16 (24/26) ȲClade 17 (13/14)) ȴҫҵ C type Ἤᴾ

ѩẂ ῏ֽ Clade 11 (4/8) ȲA type  C type ѩẂד ᾼ Clade 9  

(5/11) ȴMating type М Homozygosity (Л ╥ a type Ἠ╥ Ŭ type) Ἤᴾ

ѩẂד ᵅҬ(7/201) פּצ ȴHomozygosityиӁὑ Clade 1ȳ 11ȳ16ц17ȴ

ϢѩẂ ᾼ Clade צClade 7 (5/7) ц Clade 11 (5/8) ȴFluconazole 

ᾼ MIC ЄֵⱢ susceptibleȲ ᾃ ᾼ╥ Clade 10 50% צᾼ ѩẂⱢ 

resistantȴ֮ ᾼиӁȲӦὑן ᾼ Єֵ╥ẃᴞҖ Ȳ М

ᾼ Clade Ɫ 4  10ȴҫҵ (ῶϟ) azole  (fluconazoleȲvoriconazoleц

itraconazole) ᾼᶼ ἤ  resistant ᾼѩẂ ὑ  5%ȲẔ҃ ᾼ  

amphotricin B ц Flucytosine ѩẂЛ ὑ 1%ȴ 
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ᵓӣ Minimum spanning treeѩ 201 ᾼ 7  allelesȲἬ ẞ

ᾼ … ֽ ( ϫ) ӱȲЄ иⱢ 19  Clonal clusterȴ ϚḔ Ὑ

ᵑ Clonal cluster М DST ᾼ ἤȴ ᶼ ᾼᶼ ἤ ὨиέȲ

Clonal cluster 1 ᾼ predicted founding ST Ɫ DST 1698Ȳ ӦϮ о

1759ȳ1739  1702ȴClonal cluster 2ᾼ predicted founding ST Ɫ כ

DST 1753Ȳ о  DST 1721ȴClonal cluster 3 ᾼ predicted founding ST כ

Ɫ DST 1608ȲẔМצϚ о  DST 1712ȴClonal cluster 4 ᾼ כ

predicted founding ST Ɫ DST 601Ȳ ӦẒ о  DST 671 כ

1332ȴClonal cluster 8 ᾼ predicted founding ST Ɫ DST 1724Ȳ Ӧ о

 DST 1743ȴ כ

3. ₤ Cryptococcus neofromans 

ᶺ ѩ ӣ LAC1ц CAP64ᾼ ֪ѩ Ϡҳ Л֝ᾼᴨ ₤ ( ϫ

Ϛ) Ȳҫҵן Ϡ 18 ү ᶩ и иᵑⱢ҅ד 1998Ȳ1999דц

Б῀₤ᵑᾼ 18 צȲҫד2001 ѩ Ȳ IGS typing ( ϫϡ) ц M13 

fingerprintingᾼ Ὠ ( ϫϮ) ῀ү ѻ ᾼ₤ᵑⱢ Cryptococcus grubii 

VNI (16 ) ц Cryptococcus gattii VGII  (2 ) ȴ֯Җּר☼ᴩᾼ ἤᾼ

₤ VGII  ᵑ ֯ү ҏ ȲѹẔ Fluconazole (MIC=64) Amphotericin B 

(MIC=8ꞋⱢ resistantȴ ὑ VNI  ᾼ Fluconazole (MIC Ò2) 

Amphotericin B (MICÒ0.25) ᶼ ἤȴ 

4. Ҹқ Nocardia brasiliensis 

ү 2002-2012Ἤן 12ẂђᴫҸқѫ ╬ ᾼӫכ ἤ ᶩῶ

ц 14 ᶼӢ ᾼᶼ ἤ ȴᶺה ѩ 16S rRNAȲsecA1Ȳ hsp65Ȳ

ế gyrB ҳ ֪ứᶧᾼиІи₤ѠᾎȴgyrB иІи₤ѩẔ҃ 16S  

rRNAȲ secA1Ȳ hsp65 Ϯ и₤Ѡᾎ ᵑ ȲṳᴿѾ ђ ᾣ 
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(lymphadenitis) ц imipenem (4-32 versus 0.25-0.75 mg/L) ᾼᶼ ἤצ

ȴ 

ἤ ӫ  (nodulopustular pyoderma) ᴴ ђ ₤

І Ἃ (sporotrichoid speading) ╥ ṓᾼ ᶩῶ ȴᶺ ⇔

ֵ ђᴫҸқѫ נ╬ ᵧ Њ ᾚȲ ᶩ ᴿ Ҹқ

ԝⱢ ᵑ ṳ ⅍ й Ғ ȴ֯ 12 и М 7 

╥ᶝ ╬ 5 ╥ῶӫ ђ ᵉ₤ (3 ╥ cervical lymphadenopathyȲ֯ ḽ

ἤ МצϚ nodulopustular pyoderma ὑ Ȳ ἤ ӫ   

(nodulopustular pyoderma) ᴴ ђ ₤ І Ἃ  

(sporotrichoid speading) ╥ ṓᾼ ᶩῶ  ( 
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ϫҳ) ȴ ⅍  3-10 щ (ӂᶁ 5.17щ) ứҸқ ὑ

ẓצ ѫ ἤ иᶼ ἤ╬ᴥȲ ṷ ϚḔѿ 16S rRNA

֪ứᶧц ᵛᵓӣ ᾼ ȴ 

ᶼӢ ἤ Мᶺ Ϡ  14  ( ! ᷄Лẞ ẃ

ȴ) ȲẔМ amikacinȲ gentamicinȲtobramycinȲpiperacillin/tazobactamȲ 

and TMPSMX  5 ὑ ἤȲҫҵkanamycinȲerythromycinȲand 

oxacilli ὑᶼ ἤȴẔ 6  (imipenemȲvancomycinȲpenicillin-GȲ

tetracyclineȲclindamycinȲand ciprofloxacin) ֯ 12 и М֯׀ Ȳ

М  imipenem  ciprofloxacin Ẕ  MIC иᵑⱢ0.5ɇ2 and 0.25ɇ32 

mg/LȲ12 и МGene bank accession number gyrB ц16S rRNAиᵑ╥ 

KC999806-999817  KC999818-999829ȴ ᵑϩ  discreminatory 

power gyrB╥ 0.82ȳsecA1╥0.56ȳ16S rRNA╥ 0.45ȳhsp65╥ 0.18ȴṼ  

gyrB ὑ 70% bootstrap иⱢ 2 ѻ ᾼи ȴϚ ╥ 16S rRNAẓצ 

T160G ᾼ Ȳẓצ ᾼMIC  (4-32 mg/L) цẓ ѩẂ ђᾣ 

(66.7%)  ( ϫϝ) ȴ 

נ Ὠ ӱ N. asteroids ế N. brasiliensis ╥ ᶩϱѻ כ

ӫ ╬ᾼᵘқѫ Ȳᵀ╥Ὼ ᾼ Ὠ ӱ N. brasiliensis כӫ

Ҹқѫ ᾼ ᴩ ҒȲБ  N. asteroides complexȴ֯Ӑׁש

ṅМἬצӦ N. brasiliensis כӫ Ҹқѫ ᾼ ѻ ן ᴞ 2002 

Пד ẞ 2012ד Ȳ ᴖ ᴩ☼כ Ӧ N. asteroids ֣ N. brasiliensis

ᾼ ֪ȲҠ ╥Ὼ ϫדẃ ᾼ כ ȴ 

N. brasiliensis ѻ ╬ immunocompetents ϢȲ ᴖ ᶝכ ӫ

ȳӫϯ ȳ ỪếᴜᴚȲꜙᴟ╥ Ὼᾼ ᾼ ╬ȲӐׁשṅ ү

N. brasiliensis כᾼӫ ᵘқѫ ṓᾼ ᶩῶ ╥ І ᾼ
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Ȳếנ ד ὨϚ ȴҫҵᶺ Ҹқѫ ᾼכ

╬Ȳ Њ ᾼ ᵑ ԝϤҠ ἤ ╬ȴ ᾼ ȲЊ צ

Ҡ ᶮכо ἤ ᾣȲ֪ױ ᾼ ắ ᾙ ╥Ӈ ᾼȲ֪Ɫ

╥ᵡⱢᵘқѫ ᾼ ╬Ȳ ю ῧϫ Џᵂщѿϱᾼ ẃ

ȴᶺ Є и ╬ᾼ ϢѿМᴔדϢỰֵȲӐׁשṅếנ ṅשׁ Ὠ

Ϛ ╓ҏҸқѫ Ϛ Ӣ֯ד  2 1 ẞ 50 ᾼדכϢ МȲᴖכ

דϢד ὑюדἨӃ ὔὑ ╬ȲᴟὑḽЅ ╬ѩ נ ד ᵫ

╓ҏⱢ 3ȸ1ȴᴖ֯ӐׁשṅМᾼ 12 Ҹқѫ ѻ   7 צ

(58.3%) ╥ẃᴞὑḽἤ ế 5  (41.7%) ╥ẃᴞЅἤ ȴ ḽἤכ

Ҹқѫ ╬ ᾼѻ ֪ȲҠ ╥Ӧὑ Ἠ ϱᾼ ᴖ

כ ╬Ȳҫҵ צ ѩẂᾼḽἤ ╬῏ Ẕ҃צ Ȳ ╥ ᶟ Ϸ

╥ ֪ПϚȴᴖӫ Ҹқѫ ᾼ ╬ѻ ╥ Ӧ МᾼҸқѫ ╬

Ȳכ ╥ ӦЁ ȳ ȳѬếᴁѬᴁᾇ Ȳҫҵ ṷ Ϸ

Ӧ ᴞ ҵ ᾼ כ ╬ȴӐׁשṅМצҳ Ϣ ҟ ҭ╓

ҏ ֯ Ȳ ◙Ȳếῧ ᾼ МȲ ᴖᶺ ḥ ᾎ Ϣ

ᾼ Ё ἨѬМ ϚḔᾼ Ȳ֪Ɫ ӫ ẞ

ᴟю  10 ЏᵂщѿϱȲֽὨן ᴞ Мᾼ ẞ

Ȳ⁄Ἤ ῧ ᾼ Ҡ ᾼἋכ ᾙ ᴖ Ṿᾙ ᾼ ȴҫ

ҵӐׁשṅ╓ҏү ӭ›ṿӣ ᾬᾙ Ҹқѫ ЬⱢצ ᾼᾙ

ᾬȲ֪ױ TMP-SMX ὑӫ ᵘқ ЬⱢצ ᾼᾙ Ȳ ПҵȲױ

ὑ ế ҼᴫὭ ᾬϷ ḥצ Ӣᶼ ἤȴиІи₤צᵗὑ

ṅשׁ ᴿ ế ứἨЛ ᾼᵘқѫ Ȳ 16S rRNAȳsecA1ȳ hsp65

ế gyrB ֪ ᴩứᶧѩ иέȲ ᴖ һ ế ᶩῶ ἤȴ֯ N. 

brasiliensisҳ ֪ᾼ ֪и₤ МȲgyrB ֪ᶧԝ╥ ẓצ и ϩ
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ᾼȲgyrB ֪и₤  12 иכẒ ѻ ȲױẒ ѻ ֯

16S  rRNA ֪ᶧԝϱᾼ  160 ᴯ ϱ Ӣᾼ Ϛ ậ҅ȲиᵑⱢ G

ế TȲᶮכЛ֝ ⇔ᾼ imipenem (IPM) ᵅḀ ⇔ế ђ ᾣᾼ ᴩ

ȴ  16S rRNAứᶧ Ὠ ӱ֯ ֪ᶧԝᾼ  160 ᴯ Ȳ Ϛ ậ

҅Ɫ G160 Ȳѻ Ɫ IPM ᶼ ἤ Ȳד ὑ IPM ἤ ⁄Ɫ

T160ȴϚ נ ṅ N. brasiliensis 16S rDNA ֪ᶧԝ֯שׁ Ϛ

ậ҅ᴯ ⱢT103ȳ A381ếA456 Ȳѻ Ɫ IPM ἤ ȴ ὑ

ṷֵ₤ἤᾼиέȲЛ Ҡѿ ᵗᶺ ᶩᾼῶ ȳᾙ ч ὨếḂ

ᾙ ѠᾎȲᴖ ∟ӑẃ ϚḔᾼׁשṅȲ⁄ᶦ ∂Ӵ ֪₤ếῶ ₤П

ᾼ ἤȲ ╥ ᶩῶ ế N. brasiliensis ᶼ о֥ᾬᾼᶼ ἤП

ᾼ ȴ  

NocardiaП☼ᴩ ү ѻ ᾼҸқ ╥  N. brasiliensis (ᴾ

48%) Ȳּ֯ר  1990-2000 ϫד  N. brasiliensis ᾼѩẂ ҒϠ 35%ȴ

ᶺ ן Ϡ 12 ү ᶩ и Ȳѻד ц 2012ד Ɫ 2002҅ד ẃ

ᴞӫ  דּ Ȳד иӁ 10-80 ȲḽЅꞋצȲѹи ᴞ ȴ 
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ϫҳἬӱѿN. brasilensis-3ⱢẂ (a) Ң ӫ ц (b) ~ (d) ֯╬ᴥ

ц OLȸ1000Xᾼ ԈϯҠ ẞὍ ᾭȴ 

PFGE-XbaI ( ϫг) Ҡ иⱢҳ Ȳи ᶼ ἤ …ȴ

Ὼᵓӣ ֥ gyrase BȲ 16S rRNAȲ SecA1Ȳ hsp65Ȳ rpoB ֪ᾼMLST 

ᾼѠᾎ и Nocradia
112

 DNA и₤  chromosome и₤ Ὑ Л֝ 

(DNAи₤Ѡᾎи ἒױ ᴿȲ֝ד ֮Л֝ PFGE и₤Ѡᾎи ἒױ

ᴿ) 16S rRNA  gyrB gene иד ᾼדᴿ⇔ ȲgyrB gene ᶧԝᾼ

⇔  16S rRNA ȴ 

 

5.  (Microsporum canis)  

33 ᾼMLST (http://www.pasteur.fr/mlst) UPGMA и

έ ֽ( ϫϝ). 33 Ҡ иⱢ9  STsѿ80%ᾼ ᴿ⇔ⱢиꜜҠ иⱢ5

 (CG 1-5)ȴẔМᶺ ϠaroE ế recA Ϛ  alleleѿц3 ᾼ 

STs ȴ 

 

6. ѴЊ І  (Microsporum canis)  

ѴЊ І иІи₤ᶾ Ȳᵓӣ Multilocus (ATP9 and 

beta-tubulin) и₤Ѡᾎиέ 23 ѴЊ І  (17 ẃᴞϢц 6 ẃᴞ

ᾬ) ȲҠ иⱢ 4 ₤ᵑȴẔМᾼ Type 2  Type 4 Ɫ ᾼ₤ᵑȲ

ѹ Ɫẃᴞ ᾬцὧ  ( ϫϥ) ȴᶺ ҳ ₤ᵑᾼ ӣ 7  

marker  (MS1-MS7) ᾼ MLVA  и₤ѠᾎȲ ẔМ 4  Type 1 ᾼ

SUN 212Ɫ (2Ȳ1Ȳ1Ȳ2Ȳ1Ȳ1Ȳ1) ȳ Type 2 ᾼ SUN 219Ɫ (1Ȳ1Ȳ1Ȳ

1Ȳ1Ȳ1Ȳ2) ȳType 3 ᾼ SUN 221Ɫ (1Ȳ1Ȳ1Ȳ2Ȳ1Ȳ1Ȳ 1) ц Type 4
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ᾼ SUN 229 Ɫ (1Ȳ1Ȳ2Ȳ1Ȳ1Ȳ1Ȳ2) ȴӭ›ᾼ ὨҠ ῀ MLVA  ⱢҠ

иЊ І ᾼи₤ѠᾎȲᴟὑ ᾼи …Ḇ∕ ϚḔ֮ ȴ 

 (г) ȳԏ иέ ѫЛ ԓ ֪иέ 

Optical mapping иέ Ὠֽ ϫϟἬӱȲ  A Ɫ ᶩ Ȳ  B Ɫ

 ACICUȲּמᴥ ▐ ӱ ֪ ϱᾼ ԌȲӦ МҠ ֯

ᶩ ϱֵҏϠ Єѱ◕ᾼ Ϥᶧԝ (Insersions) ȲӦҿẞҢЄЊѱ◕и

ᵑⱢ 100 KbȲ40 kbȲ20 kbȲ35 kbȲ50 kbȲ40 kbȲ ╬ᴥ ϱӼצ

Ϛ פּ 100 kbѱ◕ᾼ ѿцּפ 50 kbᾼ ϤᶧԝȲ ṷЄѱ◕ ֪

МꞋҔᵶЄ ᾼ ֪Ȳ ᶺ ϚḔׁשṅϠ ȴ ṷ Ϥ ԝ Ẕ

҃ ѫЛ ᾼ ѩ ȲҒϱѝ ᾼ Ȳ צ ᾼ Ȳ

ֽ ϡϫἬӱȲ ᶩ ѩ ẞБ῀ד ᾼᶼ ἤ ֪  AbaR1  ( ᴥ

ᾭ )  AbaR2 ( מּ ᾭ ) Ȳᵀ╥ Ẓ῏ϭצЛ֝Ȳѩ AbaR1 Ȳ

ѩ AbaR2 Ȳ ẔМứדצ ᶼ ἤ ֪ᾼ Ȳᶺ ứᶧ ◕ ֪

ᵂ∟ ᾼиέׁשṅȴ 

(ϝ)ȳ ѫЛ ԓ ֪ ứᶧ 

ѫЛ  (‟ AB ᶶצ ( ן Мᶼ ἤ ֪ᴖ

ֵכ ᶼ ἤ ᾼ ἤȲ֯ в╥ в ╬ᾼЄỨ ȲяѿҒ

Ἢ Ɫ ȴ AB ֪Ẕ ֪ᶶ ӻ ᾼ֚ ἤ ȲӐЁ Ҡ

צ ὑ ҵ ȲᴖẓצᴞА ᾼἤᾭ- ֪₤ …ȳ ֪ ȳѿцכ

иІ☼ ἤȴ֯ױ› ϯȲ ᴩӐЁ AB ԓ ֪ ứᶧ ẔӇצ

ἤ йἤȴ 

ҟד⇔ МȲᶺ ậ TCDC-AB0715 ỗ ὙЄ ứᶧМї

ᴩԓ ֪ ứᶧȲṳ ֥ԏ  (optical mapping) Ȳ∂Ӵ в Ϛ  
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AB ԓ ֪ ȴ Ẕῶ ἤᾭẃ Ȳ Ϛ  AB Ϡ в ᾛ

ṿӣᾼ carbapenem ᶼӢ ẓᶼ ἤПҵȲҫҵ Ϛצ ᾼἤ ȸצ

ᵑὑЄ иБ῀ᾼ  AB Ҭẓצ  carbapenem-hydrolyzing Class D 

ɓ-lactamases  (Ẃֽ OXA-23ȲOXA-4Ȳ OXA-51 ₤ᵑ) МᾼϚ Ȳױ

֝ ẓצ blaOXA-23  ( ᴩὑὧṸȳҖּר☺ȳ ☺ ֮) ц blaOXA-66 Ẓ

֪Ȳ ӱү ӐЁҠ Б оҏᴞצᾼ ȴ 

ᴖ֯Э (2011) ד⇔ȲױᶧԝБ ῶ֯ Journal of Bacteriology
113Ȳṳе

ᵉὑ GenBankȲTCDC-AB0715Ҕᵶ 4,138,388 bpП ᾭ╬ᴥ ȲѿцЄЊ

Л ᾼẒ  (8,731 bpế 70,894 bp) Ȳ ᵑ иᵑⱢ CP002522ȳ

CP002523 ц CP002524ȴ ӭ›ԓ Бԓ ֪ ứᶧᾼ 9  AB Мẓ

צ Є╬ᴥ ῏ ( ! ᷄Лẞ ẃ ȴ) ȴ ϚḔиέ∟Ȳ ױ

Ϯצ П ȸϚȳⱢӭ› 9 AB М Ὅה ▐ (ORF) ֵ῏Ȳ

ẞ 3,851 ȷϡȳ֯ ⇔ 50.5 Kbᾼ AB ᶼ ἤ ֪  (AbaRȲ ϫ

ϟ) МȲ Class I integronȲ֢ҔᵶϚ 2 צ ֪қᵚ (cassette)  

( ϡϫ)ȴϮȳẓ 1  blaOXA-23 ֪ȳ2  blaOXA-66 ֪ȴӭ›ᶺ Ӕ֯

ᴩ ֪ғ П ϤиέȲ ԛ ῶᴟю 1 ױӐЁ ᾼ SCI 

ѝȴ 
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ҳȳ  

– ἤ ╬ṝ цᵍꜟ М כ ֥Ẇ ц ײ

ᴖכⱢе ϱᾼ ȴכғ ҏ ֵ ᶶ ӂүȲ ᶶ

ứ ᶩ ṓᾼ ȳ ȳ ȳ ֥ ᾭ ȴὑ ᶩ

ϱП ӣȲ֯ԓᴨ ᾼ ϱ ⇔ᶁּפ ẞּ10 פ
2
 cells/ mlȲ

Ϸ ạ֯ 1 Њ ПвȲֽױҠ Ғ ȴ ӐѠᾎ ᵗὑצ

ᶩ ȳ᷾ П ᴕȴױѠᾎ ᴨ ȳ ȳ Ѡᾎ

֥Ȳצᵗὑ Ғ П ἤṳṿ ⅍ПЏᵂ☼ Ḇᶮ ☼

ȲḆצᵗὑ ᶩ᷾ ṮᾙП ᴕȴ 

ⱢϠᶶ Ȳᶺ ϠϚ Ӧ ITS ᶧԝ ה☼ ԝ

֥ᴖכᾼ ӂүȲҠצ ᾼ и S. aureusȳP. aeruginosa ц A. 

baumannii ȴכғ∂ ה☼ ԝ Ԉֽϯȸ (1) Ϛ ֥ᾼ

ᾼᵂⱢ и ṷ ṓ в ╬ ᾼṼ ȷ (2) ᵓӣ Ϛἤ ӻ ẓצ

ᵑϩᾼ ᾼ ᾬ  (3) Ἤ ԏП ἤẁ☼ה

ȴ 

ᵑṆ ѻ Ṽ Пῶ ₤ᵂⱢ и ᾼṼ ȲֽӀ ᾼ

API20 NE
114

  Viteck 2
115

 Ẓ ῶ ₤ ứṆ Ṇ ȴῺדẃ├иІӢᾬ

ᾼ Ȳ ֵѿиІӢᾬⱢ ᾼѠᾎҠ ẁ ᾼ ᵑϩȲ ᴕ›Ϣ

ᾼׁשṅ ӱȲITS ᶧԝ צ ֮ и Ȳ ᵑϩ Ȳќ═ ITS ᶧԝ  16S  

rRNA ⱢϚ ֥П ᾼ 116ȴ 

ה☼ ԝֵ ứѠᾎ ᶶ ֵ  100 Ȳṳ

Ҡҙứ ȴד ὑ ứᶧ ѹᴟю ϚщЏ Ȳ☼ה ԝ

 8.5 Њ ᵛҠ ẞ Ὠ 117ȴ֯כӐᴷ Ѡ Ӽ ứᶧẃ ᵅȴҠṓ

ה☼ ԝ צ ⇔ᶶȳ ц ӐПכ ȴProbes ПῴꞋ
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Б ῶᾼ ᶧԝ Ȳ֪ױѿ☼ה ԝ ᾼ

Ὠֽ֝ Ȳ positive ᾼ ⇔Ὑ ὑ￼ Ȳ ПӔ

ἤȴ 

ϠἘ ҵᶺ ᵓӣи₤ᶾ иέϠ ₤ цҸқ Ȳ ₤

Ҡ῀ ᾼ₤ᵑ VGII  ֯ү ҏ Ȳ ֵҒᾃ ȴҸқ ᾼ

и ֥  16S rRNA ц  gyrase B ֪ц  PFGE ѠᾎҠЄ и 

Nocardia brasiliensisȴӦὑӭ› caseᾼן צ Ȳ∕∂ӴѠᾎцᶾ ḆҒכ

Ғ Ω ȲṳҒ ֥ᵂȲ ẃן Ḇֵᾼ caseṿׁשṅḆẓ҅צ

ῶἤȴ 

ITS П ֥ ч ṿӣᾼіІȲ Ϯ  (Staphylococccusȳ

PseudomonasȳAcinetobacter) ᾼ 16s rRNA ѿц 23s rRNA ᾼѩ Ȳ ҏ 

forward primer Ɫ 16s rRNA ᾼ∟ иȲreverse prime r⁄Ɫ 23s rRNA ᾼ

› иȲ reverse primerṿӣ degenerated primerȸ5'- (T/G) A (C/G) 

TGCCAAGGCATCCACC-3ȴ іІ⁄╥ṿӣ›Ϣѝ МἬ ᾼᶧԝȲ

ᾼ ITS  ѱ◕ȴProbes ╥ѿ ᾼᶧԝⱢ Ȳ ѩ

П∟ ҏẓצ ᵑᶧԝ ᶧᾼ’ ἤ Ɫ probes ᾼӭ Ȳѿи

֮ᴯẃ ȲЛ֝ П ᾼ ᾼᶧԝ ЄȲ ὑѿ direct hybridization 

ᾼѠה ה☼ ԝ ẃ Ȳ  probe ᵑ Ɫ ὔȲᴖ֝

Л֝ П ᾼᶧԝ ⁄ юȲ ⇔Ṽ Л֝ ᴖЛ֝Ȳ ᴖ ╥и

֮ᴯẞ  strain Ἠ╥ subspeciesȲ⁄ᶧԝדᴿ⇔ Є Ȳ−Ҡ similarity

Ҡ  95% ѿϱȲֽױ ὑ probe ᾼ ⇔ Ȳ Ҡ Ҭצ

ᵓӣ  single base mutation ᾼᴯ ẃ ᵑȲֽ֝Ӑ Мᾼ  A. 

baumanniiȲӭ› ᾎṿӣ Ϛᾼ direct hybridization probe иҏ genomic 

3 ế 13TU ᾼ ȴ 
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SA probe Ӑ Ẓצ ᶧԝȲ S. aureusᾼ ITS ᶧԝ ֥Ȳ

ᶩ  MSSA (10 isolates) ế MRSA (66 isolates) Ꞌ Ҡ

ѿӔ Ȳ ᴖ֯  CNS (10 isolates) ᾼ МȲ Ϛ

 S. epidermidis (6 of 10) ӢӻϿч ᾼ Ȳᴖ ϡ ⁄ᵡȴẔ Ϯ  

S. capitis Ϛ  S. haemolyticus ⁄ Ẓױ ӻϿчצ ᾼ

ȴ Ӑ CNS Ɫ Ϛ Ȳ∟ẃ֪Ɫ в ╬ᾼ ἤ Ȳ

ᴖắẞ Ȳ ứẞ  species Ȳ֯  CNS ᾼ ╬МȲѿ  S. 

epidermidis Ɫ ЄỨϷ ȲἬѿ֯ ᶩ ᾼ М ṿӣ ϡ

(ֽѝМᶧԝ) Ɫ probe ѿ  S. epidermidis ᾼӻϿч ȴ  

CNS ּצפϮϫ ȲẔМҙ в ד╬ Ȳ ṷ CNS иᵑ ứẞ 

species ᾼ ◕Ҡѿ Ɫױ Ṇ ӑẃᾼᵘϩӭ ПϚȴ 

PA probe Б ᾼ ᶩ МỮ ӻϿч ᾼ Ȳ ᴖ

֯ ᶩ ᾼ М min ratio Ὑ Ẕ҃ prob e ⇔ᵅȲ ᴖ֯ 

sensitivity М צ⁄ Ở DNA ⇔ᵅᴖ Ṿᾼ Ȳ֪ױ 

DNA ⇔ Ṿоѿц probeᾼ Ϛἤȳ ἤϷצ сᾼῈ ȴӦ ⇔

Ὠѿц ᶩ ҠѿכҏȲ Ởᾼ ITS ѱ◕ ч МᵂⱢ 

template ᾼ genomic DNA ⇔ ὑ ∟ צ╥⇔ ᾼȲT ╥ᴿѾṳ

ḥצϚ Ὑ ᾼ ⁄ȲצṷϚ Л֝ᴖ ᾼ ᶮȴ М Ȳ ὑ SA  

probe ế AB probe ᴿѾ╥ template ⇔ ṷ ⇔ ṾȲᴖ PA 

probe ⁄ֻ ֯ ᵅ ⇔ᾼ█ М ȷ ᶩ ᾼ МἬṿ

ӣᾼ DNA template ⇔ ѩ Ȳᴖ PA probe ᾼ ⁄ ȴ Ҡ

כ ֪Ɫ probe Ӑṝ  target ֥ ϩѿц ֥ᴯ ϱᾼ Ἤ

ȲϷҠכ ֪ⱢẔ҃ ᶧԝ֯׀ᴖ ẞ ֥ ϩȴ 

Ӑׁשṅ ҏ ṣ и ṓ в ╬ ᾼӂүȲяẔ╥ ᶩϱ
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ᾼ S. aureusȲ P. aeruginosaȲA. baumanniiȴӐᶾ ҫϚ ֯ Ȳ

Ɫֵ ֥ ╬П ᵑȲӦὑ ᶩϱֵ ֥ ╬Ҡ 5-22% 
118, 119Ȳ

ֽ HIV ╬ȳἤ ╬ȳ ᵍꜟᵅϯП ῏Ȳ╝ ֵ

ӣὑ ᶩ П Ȳ цӢо ứѠᾎἨ Ḇ ч╣

ᶩ ╬П ᾓȴ Ϥц ПЛ Ȳ Пᶶ ֵ

ѠᾎБⱢӑẃ Ȳӑẃ Ӑ ֵױ ӂү ӣὑֵ

ֵ ᶼ ἤ в ╬ П ứϱȲ ῶ∟Ӽ Лᵝ ☼ ц

֯ вҒѿ иṹȴױᶾ ӂүẓצ ⇔ ϚἤȲѹҠ֯ 4 

Њ вᶙכȴᶶ ֵ Пᶼ ἤ ֪ЛᵀҠ ҒӔ ᾙ ᾼ

Ȳ юӦὑ ᾙ Ἤ ᾼᶼ ἤ ֪ Ȳ ὑᶼ ἤ ᾼ

ếеԚ ӢӼצ Єᾼᵗ ȴӑẃ ֥ᵂȲ ᾿ ᴞ ᶩ

цᶼ ἤᾼҠᴩἤȴҠ ᾼ ἵ צ ֥ᵂᾼ ▐ ᶩ

ц ן Ȳ ᴞ ᶩ ᾿ цᶼ ἤ ᶩ

ᾼᵗ ȴ 

Luminex xMAP technology ᾼᶾ ӣ ᾛȲ ṓᾼᶮצהϮ

ȲҔᵶ direct hybridizationȳcompetetive hybridization ѿц Solution-based 

chemistries with microsphere capture Ϯ ѠהȲẔМϭѿ  direct 

hybridization Ɫ ṓȴӐ ⅍ ԝἬṿӣПѠᾎֵ Ϛ  direct 

hybridizationȲẔ Ɫ Ѡה Ȳ Ȳ ἤӼṾȲ ֥

П ḖȴLuminex  Ṇ ֯ ӣ Б ҏ ֵᾼ ₇ Ȳ

Ҕᵶ ᾭ о (Cystic fibrosis; CF) ᾼ ȳY ╬ ᾼ 

SNP ȳ  DNA ᾼֵ₤ἤ ȳ☼ ◖ֵ ȲӦὑ

ӂү  PCR ч Ȳ֪ױẔ ⇔Ϸ − ȲҠ ẞ  10 

copies/reactionȴӑẃ ᶾ ᾼ Ḕ ֥Ȳѿ Luminex xMAP ᶾ
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ᾼ ₇ Ӈ ẃ ֵȲҒϱכӐ Ữ ֥ ȲᵂⱢ ⅍

⇔ ᾼ ╥Ҡ ᾼȲӐ ⅍ ᶾױ ȲὑӐ

Ởῴ ד и₤ ᶾ Ȳ צẃẓד ᾼׁשṅכὨ 

(Ҡṓ ד ῶ SCI ѝ) Ȳ ӑẃ טἬּצ ҏ ᾼ

ȴ 

ᵓӣ MLST иέ …ᾼЛ Ӧ DNA ᶧԝ ứ Ẕ

֪₤Ȳṿ Ὠ ứȳԛ ἤ ȲϷὔὑ ⅍ ӻ ѩ Ȳẓצ

оП ȴ  MLST иέ Ὠᵓӣ eBUST ᾎ Ẕ҃ ѩ

Ȳᶺ ֵ ὑү Ἤ☼ ᾼ ὔᴞכϚ Ȳֽ eBURST clusters 4 

ц 7 ѻ Ɫү Ἤ ṅМүЄ 50  C. tropicalisПשȲӐׁכ פּ

ϷҔ╗ẔМȴC. tropicalis ֯ү 80% צ Ẕצ П DSTs ṳ

ὑ█  clusters ᾼ Ҡ ╥Ӧὑү ԈἨ֮ ᴯ Ἤ

ȴ 

ӭ›֯ Candida spp. Пи₤ѠᾎМȲMLST ẓצ᾿ ẁ оцѠ

―ᾼ Ȳד ắẞ ֢ ⅍Ἤ ȲӐ ⅍Ϸכғ  MLST 

ӣᴟ C. albicansȳC. glabrataȳC. tropicalisц C. krusei Пи₤ȴᵀБצ

ᵫ╓ҏȲMLST ṳЛ ӣὑ C. parapsilosis ᾼи₤Ȳ֪ⱢẔ ֵ₤ἤ 

(nucleotide polymorphism) ыюȲѿᴟὑ ᾎ Л֝Ṹ ᾼ₤ᵑ 120, 

121ȴẔһи₤Ѡᾎֽ Cp3-13 DNA fingerprinting 
122, 123Ȳ ╦иέ 124, 

125Ȳц PFGE 
122, 126, 127ꞋҠ ẁṜ ᾼ ᵑϩȴPFGE ֥ вй ֽ SfiI

Ἠ BssHII Б ӣὑ C. parapsilosis ᾼи₤ѹẔ ὑẔ ἤȳӢᾬ ᶮ

цכ ᾼ …ẓ ἤ 128-130ȴ֯ᶺ ᾼׁשṅכὨМѿцБֵצ ῶ

П ѝᵓӣ MLST ᾼᶧԝ ẃ  Candida spp. Ҕ╗ C. albicansȳC. 

glabrataȳC. tropicalis о ȴ  C. parapsilosis ᾎᵓӣ MLST 
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ẃиέȲӐׁשṅᵓӣ PFGE иέẔ DNA ЬҠ Ẕ оП ȴ

צ ṅשׁ ṿӣ PFGE Ѡᾎ Ὑ о  ὑ C. albicans М֯׀

131ȴӭ›֯ Candida spp. Пи₤ѠᾎМȲMLST ẓצ᾿ ẁ оцѠ

―ᾼ Ȳד ắẞ ֢ ⅍Ἤ ȲӐ ⅍Ϸכғ  MLST 

ӣᴟ C. albicansȳC. glabrataȳC. tropicalis ц C. kruseiПи₤ȴᵀБצ

ᵫ╓ҏȲ MLST ṳЛ ӣὑ C. parapsilosis ᾼи₤Ȳ֪ⱢẔ ֵ₤ἤ 

(nucleotide polymorphism) ыюȲѿᴟὑ ᾎ Л֝Ṹ ᾼ₤ᵑȴ 

ᶼ ἤциІ₤ᵑ ᾼᵒᵑ Ṽ ᵑц ἤȳ ֚

ᵑȳᾙ ᷾ ᵒȲשׁ֥ ֥ᵂ ∂Ӵ ֥ ȲѿẦᵗ

цҠ Ṯ П ȴ 
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Хȳ ∂  

ᶺ ᾼѻ ϫϚȸצ Ϛȳ Ҡ ֝ ȳ ȳ

 ȳ ֥ 26 ᶩ ᾭ ᾼ ԝֽ Aspergillus spp.Ȳ 

Fusarium spp.ȲMucor spp.ȲRhizopus spp.ȲCoccidioides spp.ȲRhizomucor 

pusillusȲ Penicillium marneffeiȲ Paecilomyces javanicussȲ Saksenaea 

vasiformisȲApophysomyces elegansȲAbsidia corymbifera ế Syncephalastrum 

racemosumȴױѠᾎ ἤ Ȳ  Mucor racemosusɎMuracɏᾼ  

Mucor hiemalis ế Mucor ramosissimus ӻϿч ȴ ⇔Ɫ 100 fg ~ 1 

ngȳ ᴨ ⇔Ɫ 10
2
 cells/ mlȴ ☼ Ҕᵶ Ҡὑ

5Њ вᶙכȴ ϡȳ ᶩ ӕ ế ᾭ ᾼreal-time PCR

Ѡᾎȴ ֥ ӣ ԝế real-time PCR ѠᾎȲ ӣὑᴨ

ϢцЊẐ ╬ ֚ П ȴ Ϯȳכғ ה☼ ԝ

Ṇ ȲҠ ᶶ Ӕ ֮ ứү в ╬ ц ɎЛ ȳ

  ᴥ ȳ цӪᴥἘ ɏȲ ⇔Ҡ  1-10 pg DNAȴ

в ╬ֵ ᶼ ἤ ᾼᶶ ֵ ӂүȴ ҳȳ∂Ӵ ἤ

Ϥἤ ₤ἤ П Ѡᾎȴ Хȳ ₤ иІи₤ᶾ Ȳ

йᾃ Җּר ϩ іϤү ᾼҠ ἤȴ гȳ ѴЊ І

иІи₤ᶾ Ȳᵓӣ MultilocusɎATP9 and beta-tubulinɏᾎ и₤Ȳ

ᾼ ἤЊȲ צ ֮צ ᾼ ἤȴᶺ ϚḔ ∂Ӵ

MLVAᾼи₤ѠᾎȲѩ иέ ṷ ȴ ϝȳӦ ᶩ ц ᶼӢ ᶼ

ἤᾼ ἤ  2002-2012 иέ 12  Nocardia brasiliensis ᾼиІ☼ᴩ

Ȳᶺ ѩ ϠgyrBȲ 16SrRNAȲsecA1Ȳ Hsp65 ֪ и₤ᵑᾼѠᾎȴ

Л  gyrB ╥ М ẓצ ᵑϩȲѹҠ иҏ ╥ᵡⱢẓ ђ

ᾣȴѿц и╥ᵡẓצ ᾼ imipenem MIC ȴ ϥȳӦ ᶩ ц
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ᶼӢ ᶼ ἤᾼ ἤ  2011-2013 иέ 33  Staphylococcus lugdunesis

ᾼиІ☼ᴩ ȴ ϟȳ═ ӣ MLSTиέү ҵȲṳ

ᴩ ἤиέȲѿ ϚḔ ▲☼ ἤȲц֮ ἤᾼиІ ȴ

ϫȳṿӣԓ ֪ ứᶧᶾ цԏ  Ɏoptical mappingɏ ӐЁ

ѫЛ  TCDC-AB0715 ֵ ᶼ ἤ ᴩԓ ֪ иέȲṳ  

TCDC-AB0715 Б῀ԓ ֪ᶧԝᾼ 8 ᴩѩ ֪ иέȲ

֪ᾼ ԝȲҔᵶᶧԝѱ◕ᾼ Ϥȳ ҷȳч ȳἨ ᾓȲ

ױ ᶼ ἤц ϩ оП ȴ ϫϚȳ ₤ ₇ Ṇ

ԓ   (TAF) ISO 15189 ⅍ ȴ 

ᶺ ϩὑ∂Ӵ ᴕ ⅍ȴד ₤ᵑ ֫ ᶩ

Ȳ֥ᵂ═ и₤ṳ ᶩц☼ ֥∂Ӵ ȴ ϱ═ ∂Ӵ

֥ᵂ …Ȳӻ ₤ᵑ Ἠ ẁ ȴᶦ Ӧ═ ᵘϩ Ҡ

☼ᴩц ứ ᶼ ἤ/ ἤ Ṇ П ᶮȴꜙѹ ҏ ἤ☼

ȳ цꜟ иІȴ 
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гȳ Ὠцẓכṅשׁ ∂  

ẓ ∂  ϫϡȸצ

1. Ҡ цṇṓ ☼ᴩἨ ҵ Ϥꜟ Ȳ∂Ӵ ᴕ ⅍

ứ▐ ȴ о ᾭ ứ ϩȲṳ ẁ ứὢ ц Ṏ ȴ 

2. ∂Ӵ ἤ ₤ἤ ứѠᾎȲṳ ẁ ứὢ ȴ 

3. ֥ṳ ц ᶶ ȳֵ ☼ Ȳ Є ӣ֢ ứц

и₤Ѡᾎὑ֢ ֚ П ц ᵑȲֽᴨ ȳנ Ẑȳӫ

דּ ԒṮᾙȴ Ὠц₤ᵑכṅשׁ ֫ ᴯц ᶩ

ȲẦᵗ ὑ ц МП оȲṳ═ ֥ᵂ ᶩц☼

֥∂Ӵ ȴȴ ֥ᵂ Ȳ ᶩ ӣПҠᴩ

ἤȴ 

4. ═ ᶼ ἤᾼ Ȳ ẁᶼ цᶼӢ ᾙ ∂ ȴ 

5. Ҡ Пи₤ѠᾎȲ ₤ᵑȳᶼ ἤ ֪ ᴩц ᶮȲ

ẁṮᾙцӑẃꜟ ᾼ ȴ 

6. Ϥ ᶼ ἤ ц в ╬ Пᶼ ἤ ạȲѿ ẁ Ṯ֪

П ȴ 

7. ᴷ ѷ҅ᶾ ȲṳҒѿ∂ ȳ ȳ ȴ ԓ ֪ иέᶾ Ȳ

вẓ҅ῶἤ ᶩ ᾼ ἤцẔ ȴ 

8. ᶩ це Ϣ й֥ ȲW ц ╬ПиІ☼ᴩ

ȴ֫ ẁ ứṮᾙ Ȳᾙ ц П ᴕȴ 

9. Ӧ∂ӴҠ Пи₤Ѡᾎ Ȳ Ẕ҃ ᴩ ц

₤ᵑ Пӻ☼Ȳ═ ᴩ ӻ☼ȲṳԚ֥֝ᵂ ῶ ѝȴ 
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10. Ӧ ѻ ẁ ứци₤ὢ Ȳ Ṏ цᶾ ȸӐ ⅍

Пᶶ ֵ ה☼ ԝѠᾎ Б ẁֵ вҵד ᴯ

ᴕȲẦᵗẔ∂Ӵᶾ ȴ оᾼ PFGE иІи₤☼ ȲϷדֵ֤צ

ṅᵗשׁ ẃ שׁ Ȳ ═ ѿ ᾼ иṹἬ῀Ȳ е ὢ

Ố П Ȳṳ∂Ӵ ȴ 

11. ṎӖ ֽᴶ ṮᾙȲᴞᶺ’ ȴ 

12. ═ ᵘϩ с SCI ѝ ῶᾼ Ȳиṹү Ȳ ϩȴ 
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ϥȳ ῶ 

ῶϚȳ  

Organism Identfication no 

Aspergillus clavatus   BCRC 31136 

Aspergillus flavus 

BCRC 30007 

BCRC 30008 

BCRC 30144 

BCRC 33516 

Aspergillus fumigatus 

BCRC 30099 

BCRC 30502 

BCRC 33380 

Aspergillus nidulans 

BCRC 30100 

BCRC 31120 

BCRC 33355 

ATCC 10074 

Aspergillus niger 

BCRC 30506 

BCRC 31512 

BCRC 32731 

BCRC 32734 

BCRC 32735 

ATCC 16404 

Aspergillus terreus 

BCRC 30135 

BCRC 31128 

BCRC 32068 

Aspergillus versicolor BCRC 30225 

Fusarium moniliforme BCRC 31492 

Fusarium oxysporum 

BCRC 31611 

BCRC 32107 

BCRC 32139 

Fusarium pallidoroseum 
BCRC 33554 

BCRC 33555 

Fusarium solani 
BCRC 32448 

ATCC 36031 

Paecilomyces javanicuss BCRC 35511 

Penicillium marneffei 
CBS 344.59 

CBS 549.77 

Absidia corymbifera BCRC 33078 

Apophysomyces elegans BCRC 33107 

Mucor hiemalis f. corticola BCRC 32109 
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ῶϚȳ Ɏ ɏ 

Organism Identfication no 

Mucor racemosus BCRC 30186 

Mucor racemosus f. chibinensis  BCRC 32162 

Mucor racemosus  BCRC 32586 

Mucor ramosissimus BCRC 32160 

Rhizomucor pusillus 
BCRC 33122 

BCRC 31510 

Rhizopus azygosporus BCRC 31158 

Rhizopus microsporus BCRC 31995 

Rhizopus oryzae  BCRC 31145 

Saksenaea vasiformis BCRC 33074 

Syncephalastrum racemosum  BCRC 31638 

Coccidioides immitis  RS  

Coccidioides posadasi C735   

Absidia coerulea  BCRC 30897  

Rhizopus homothallicus BCRC 31146  

Mucor flavus   BCRC 32478  

Absidia cuneospora  BCRC 32943  

Absidia fusca BCRC 33045  

Exophiala dermatitidis  

Sporothrix schenckii  

Trichosporon asahii  

Trichophyton rubrum  

Microsporum gypseum  

Chrysosporium spp.  

Saccharomyces cerevisiae  
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ῶϡȳ ᴕ ᾼ Reference strain 

 Pan-fungal ITS3-4 primers Pan-Candida primers Pan-Aspergillus primers 

C. tropicalis  

(ATCC 750) 
84.18-84.27 ̄C 81.45-81.5̄ C ̅ 

C. parapsilosis 

(ATCC 22019) 
84.73-84.88 ̄  C 82.81-82.98̄ C ̅ 

C. glabrata 

(ATCC 90030) 
85.05-85.18 ̄  C 84.78-84.83̄ C ̅ 

C. albicans 

(ATCC 90028) 
86.36-86.46̄  C 85.08-85.19̄ C ̅ 

C. krusei 

(ATCC 6258) 
90.69-90.78̄  C 89.81-89.9 C̄ ̅ 

Aspergillus fumigatus 

(ATCC 1022) 
92.23-92.3 C̄ ̅ 92.9-93.04̄ C 

Aspergillus flavus  

(ATCC 16883) 
92.69-92.74̄ C ̅ 92.45-92.6̄ C 

Aspergillus niger 

 (ATCC 16404) 
92.44-92.5̄ C ̅ 91.72-91.96̄ C 

Aspergillus nidulans 

(ATCC 10074) 
93.6-93.67̄ C ̅ 93.3-93.48̄ C 

Aspergillus terreus 

(BCRC 30125) 
 ̅ 93.9̄ C 
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ῶϮȳѩ Real time PCR MSAᾼ Ὠ 

 



 68 

ῶҳȳ ԝṆ ɎMSAɏ ᾭ DNA ᾼ ᵅ ⇔ 

Fungal strain DNA detection limit 

Aspergillus clavatus   BCRC 31136 10 pg 

Aspergillus flavus BCRC 30008 10 pg 

Aspergillus fumigatus BCRC 30502 10 pg 

Aspergillus nidulans ATCC 10074 100 pg  

Aspergillus niger BCRC 30506 100 fg  

Aspergillus terreus BCRC 30135 100 fg  

Aspergillus versicolor BCRC 30225 1 pg 

Fusarium moniliforme BCRC 31492 100 fg  

Fusarium oxysporum BCRC 32107 10 pg 

Fusarium pallidoroseum BCRC 33554 100 pg  

Fusarium pallidoroseum BCRC 33555 100 fg  

Fusarium solani BCRC 32448 10 pg 

Paecilomyces javanicuss BCRC 35511 1 pg 

Penicillium marneffei CBS 344.59 100 fg  

Mucor hiemalis BCRC 32109 1 pg 

Mucor racemosus BCRC 32162 100 pg  

Mucor ramosissimus BCRC 32160 100 pg  

Rhizomucor pusillus BCRC 33122 100 pg  

Rhizopus azygosporus BCRC 31158 100 pg  

Rhizopus microsporus BCRC 31995 100 pg  

Rhizopus oryzae  BCRC 31145 100 pg  

Absidia corymbifera BCRC 33078 1 ng 

Apophysomyces elegans BCRC 33107 100 pg 

Saksenaea vasiformis BCRC 33074 10 pg 

Syncephalastrum racemosum  BCRC 31638 1 ng 

Coccidioides immitis  RS   10 pg 

Coccidioides posadasi C735   10 pg 
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ῶХȳ ԝṆ ɎMSAɏ – ἤ Ϣ  

 

ɾ(±)ȸbeyond cutoff 
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ῶгȳBacterial and fungal strains used in this study 

Species No. of strains Reference strains 

Staphylococcus aureus 66 ATCC25923 

Pseudomonas aeruginosa 63 ATCC27853 

Acinetobacter baumannii 49 ATCC15151 

Candida albican 24 ATCC90028 

Enterobacter aerogenes 3 ATCC13048 

Enterobacter cloacae subsp. Cloacae 3 ATCC13047 

Enterococcus faecalis 4 ATCC19433 

Enterococcus faecium 3 ATCC19434 

Escherichia coli 2 ATCC25922 

Klebsiella oxytoca 3 ATCC8724 

Klebsiella pneumoniae subsp. pneumoniae 2 ATCC13883 

Proteus mirabilis 1 ATCC29906 

Staphylococcus epidermidis 3 ATCC14990 

Staphylococcus capitis subsp. capitis 3 ATCC27840 

Stenotrophomonas maltophilia 6 ATCC13637 

Candida dubliniensis 1 CBS7988 

Candida glabrata 1 ATCC2001 

Candida krusei 1 ATCC20381 

Candida parapsilosis 1 BCRC20865 

Candida tropicalis 1 ATCC750 

Candida guilliermondii 1 BCRC21599 

Cryptococcus neoformans 1 ATCC32045 
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ῶϝȳ ἤᾼ ẆἤіІɎdegenerate primersɏᶧԝ 

Degenerate primers of bacteria 

Forward: 5'-GTCGTAACAAGGTAGCCGTA-3' 

Reversed: 5'-(T/G)A(C/G)TGCCAAGGCATCCACC-3' 

Degenerate primers of fungus 

Forward: 5'-GCA TCG ATG AAG AAC GCA GC-3' 

Reversed: 5'-TCC TCC GCT TAT TGA TAT GC-3' 
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ῶϥȳүЄ 50 Candida. tropicalisи П ц Ὠ 

Ϣ҅  
ѡ  

҅  ẃ  
48Њ MIC (µg/ml) a 

DST 
MLST 

group ד/ѣ/ѡ Amphotericin B Flucytosine Fluconazole Voriconazole 

P1 1997/1/27 DOH86g091 Anal 0.5 32 0.5 0.03 164 II -2 

P1 1997/1/31 DOH86g041 Urine 0.5 8 0.5 0.03 164 II -2 

P1 1997/1/31 DOH86g045 Urine 0.5 4 1 0.06 164 II -2 

P1 1997/1/31 DOH86g081 Sputum 1 32 1 0.06 164 II -2 

P1 1997/2/1 DOH86g055 CVCb 0.5 2 0.5 0.03 164 II -2 

P1 1997/2/1 DOH86g063 CVC 1 0.125 1 0.06 164 II -2 

P1 1997/2/3 DOH86g005 Urine 0.125 8 0.5 0.06 164 II -2 

P1 1997/2/3 DOH86g074 Urine 0.25 16 0.5 0.06 164 II -2 

P1 1997/2/11 DOH86g012 CVC 0.125 8 1 0.125 164 II -2 

P1 1997/2/11 DOH86g021 Urine 0.25 8 1 0.06 164 II -2 

P1 1997/2/11 DOH86g061 CVC 2 16 0.5 0.06 164 II -2 

P1 1997/2/17 DOH86g071 Anal 0.5 16 1 0.06 164 II -2 

P2 1996/12/6 DOH86g099 Urine 1 0.125 1 0.125 173 II -8 

P2 1996/12/9 DOH86g018 Urine 0.25 0.25 1 0.06 165 II -7 

P2 1996/12/16 DOH86g082 Urine 1 0.125 1 0.125 165 II -7 

P3 1996/9/11 DOH86g035 Sputum 1 0.125 1 0.06 140 I-1 

P3 1996/9/12 DOH86g006 Anal 0.25 0.125 1 0.06 140 I-1 

P3 1996/9/13 DOH86g057 Sputum 0.5 0.125 1 0.06 140 I-1 

P4 1996/11/27 DOH86g066 Sputum 1 0.125 1 0.06 TW3 I-4 

P4 1996/11/29 DOH86g039 Sputum 0.25 0.125 1 0.06 166 I-5 

P4 1996/12/2 DOH86g022 Anal 0.125 0.125 0.5 0.03 164 II -2 

P5 1996/12/6 DOH86g038 Urine 0.5 0.125 0.5 0.06 167 I-6 

P5 1996/12/6 DOH86g078 Sputum 1 0.25 1 0.125 134 III -1 

P5 1996/12/6 DOH86g089 Throat 1 0.25 0.5 0.03 171 I-7 

P6 1996/10/8 DOH86g076 Anal 0.25 0.125 1 0.03 170 II -3 

P6 1996/10/11 DOH86g070 Stool 0.25 0.125 1 0.06 169 II -4 

P7 1996/12/24 DOH86g011 Anal 0.125 16 1 0.06 164 II -2 

P7 1996/12/24 DOH86g097 Anal 1 0.125 0.5 0.03 172 II -1 

P7 1996/12/26 DOH86g092 Anal 0.5 0.125 0.5 0.03 172 II -1 

P8 1996/11/30 DOH86g036 Urine 0.25 0.125 1 0.03 176 I-3 

P8 1996/12/2 DOH86g086 Anal 0.5 0.125 1 0.25 98 I-2 

P9 1997/1/23 DOH86g003 Anal 0.25 0.125 0.5 0.03 140 I-1 

P9 1997/1/23 DOH86g033 Throat 0.25 0.125 1 0.03 140 I-1 

P9 1997/1/23 DOH86g014 Urine 0.125 0.125 1 0.06 134 III -1 

P10 1996/12/16 DOH86g068 Anal 1 0.125 0.125 0.03 169 II -4 

P10 1996/12/26 DOH86g051 Urine 0.5 16 1 0.03 164 II -2 

P10 1996/12/27 DOH86g062 Urine 0.5 16 1 0.06 164 II -2 

P10 1996/12/28 DOH86g058 Urine 0.5 0.125 1 0.25 177 II -6 

P10 1997/1/20 DOH86f018 Urine 0.125 0.125 1 0.25 174 II -5 

P11 1997/1/21 DOH86g023 Sputum 0.25 0.125 1 2 100 I-8 

P11 1997/1/29 DOH86g004 Anal 0.25 0.25 0.5 0.03 175 III -4 

P11 1997/1/29 DOH86g024 Sputum 1 0.125 1 0.06 134 III -1 

P11 1997/2/1 DOH86g075 CVC 1 0.25 1 0.125 178 III -3 

P11 1997/1/29 DOH86g002 Sputum 1 0.125 1 0.06 134 III -1 

P12 1996/10/1 DOH86g040 Sputum 1 4 1 0.06 TW2 III -5 

P12 1996/11/6 DOH86g094 Nasal 0.5 0.125 0.5 0.03 98 I-2 

P13 1997/1/29 DOH86g031 Sputum 0.125 0.125 0.5 0.03 TW1 III -2 

P13 1997/1/31 DOH86g095 Anal 1 0.25 1 0.06 134 III -1 

P14 1997/1/25 DOH86g065 Anal 0.5 16 1 0.03 134 III -1 

P14 1997/1/29 DOH86g054 Anal 1 0.125 0.5 0.125 134 III -1 
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ῶϟȳC. albicans ᶩ 5 ᶼ ᾬПᶼ ἤ. 

 MIC50 MIC90 range S I  R 

Fluconazole 0.5 2     0.125-64 93.0% 1.0% 6.0% 

Itraconazole 0.03 0.125 0.015-8 90.4% 1.9% 7.5% 

Voriconazole 0.0325 0.25 0.015-8 94.6% 0.0% 5.4% 

Amphotericin B 0.5 1 0.0625-2 99.5%  0.5% 

5-FC 0.125 0.25  0.125-64 98.0% 1.0% 1.0% 
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ϡȳ☼ה ԝП☼  

(1)ֵ ᶼ ἤ ֪П ֥ ч ȸѿֵ ה ֥ ч כ֥ 11 в ╬ П

7 ᶼ ἤ ֪ pvl ȷ֪(2)ExoSAP-ITȸֵ ה ֥ ч П ᾬѿ shrimp alkaline 

phosphataseế exonuclease I ȷ(3) ֪ ϚἤіІἋᴼᾎ(ASPE)ȸҬצӔ ᾼ

ASPEіІҠ ᵶӢᾬ (biotin)ᾼ dCTP ֯ ASPEἋᴼ ᾬМȷ(4) ӻч ȸASPE

Ἃᴼ ᾬẓצ ἤᾼ ZipCodesȲҠ Ϛἤ֮ ϱᾼ cZipCodes ӻȲᴖ SAPE⁄

Ҡ ASPEἋᴼ ᾬϱᾼӢᾬ ֥ȷ(5) Ὠиέȸᵓӣ☼ה Ϛἤ ϱ

PEᾼ ԏ‒ Ȳԛ כ ᴯ‒ ѿ―иέȴ 
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ϮȳReal time PCR – ἤ ☼  

ɎAɏ Ở☼  

 

ɎBɏḆ ☼  
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ҳȳCoccidioides immitisg ꜟ ɎIDCFɏц PCR 

ɎAɏᵍꜟ ɎIDCFɏ 
 

 

ɎBɏCSP gene PCR 
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 ȳHistoplasma capsulatum (A) ᵍꜟ ᾎế (B) M Antigen PCR 

(A) 

 
 

 

(B) 
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