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ARTICLE INFO ABSTRACT

Received September 2, 2020 Sixty—five molds isolated from clinical specimens were included in this study. All the isolates were
Revised September 6, 2020 molds that could be identified morphologically, strains that are difficult to identify because of
Accepted  September 6, 2020 morphological similarities, and strains that require species—level identification. PCR and direct
sequencing were performed to target the internal transcribed spacer (ITS) region, the D1/D2 region,
and the B—tubulin gene. Comparative sequence analysis using the GenBank database was performed
using the basic local alignment search tool (BLAST) algorithm. The fungi identified morphologically to
the genus level were 67%. Sequencing analysis was performed on 62 genera and species level of the
65 strains. Discrepancies were 14 (21.5%) of the 65 strains between the results of phenotypic and

Key words molecular identification. B. dermatitidis, 7. marneffei, and G. argillacea were identified for the first
Mold time in Korea using the DNA sequencing method. Morphological identification is a very useful
Molecular identification method in terms of the reporting time and costs in cases of frequently isolated and rapid growth,

gﬂorpholqgical identification such as Aspergillus. When molecular methods are employed, the cost and clinical significance
equencing

should be considered. On the other hand, the molecular identification of molds can provide fast and
accurate results.
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Table 1. Results of morphological and molecular identification for 65 clinical isolates

Molecular identification

ITS

D1D2

B-tubulin

No Morphological 1D Specimen
Sequencing 1D Accessi(_)n No. & Accessipn No. & Accessiqn No. &
Identity (%) Identity (%) Identity (%)

1 Nocardia spp. N. brasiliensis AY245543.1 (100) DQ360269.1 (99) ND Pus

2 Emmonsia spp. A. dermatitidis U18364.1 (99.8) EF592162.1 (100) ND BAL

3 Penicillium spp. 7. marneffei FJ009566.1 (100) AB362755.1 (100) ND urine

4 S. schenckii S. schenckii AB128006.1 (100) AB363791.1 (99.4) AM116967.1 (100) Skin

5 Acremonium spp. S. schenckii AB122043.1 (100) ND ND Skin

6 C. brethollefiae C. brethollefiae ND FJ345351.1 (100) ND Endotracheal
7 Lichtheimia spp. L. corymbifera EU330179.1 (100) FJ719444.1 (98) ND sputum
8 Lichtheimia spp. L. corymbifera HQ285610.1 (100) ND ND Blood

9 Rhizomucor spp. L. ramosa JN315007.1 (99) JN315038.1 (100) ND Sputum
10 Rhizomucor spp. L. corymbifera HQ285610.1 (100) JN315035.1 (99) ND Urine

1M Rhizomucor spp. M. fragilis JF299225.1 (100) ND ND Stool

12 Rhizomucor spp. R. pusillus JN315022.1 (100) ND ND Sputum
13 Mucor spp. R. pusillus AB369914.1 (100) AF113475.1 (100) ND Transtracheal
14 Rhizopus spp. R. microsporus JX120679.1 (100) JQ313872.1 (100) ND Endotracheal
15 Rhizopus spp. R. microsporus AB381937.1 (99.9)  AB363776.1 (98.8) ND Endotracheal
16 S. racemosum S. racemosum HM999978.1 (99) HM849721.1 (98) ND sputum
17 Unid. Zgomycetes R. microsporus var.  AY243961.1 (100) AB250181.1 (100) ND Nasal

chinensis

18 Alternaria spp. A. alternata JX406501.1 (99) JN938894 (100) ND Sputum
19 Alternaria spp. A. arborescens AB244779.1 (100) AY154706.1 (100) ND Sputum
20 Alternaria spp. Alternaria spp. JX401973.1 (100) ND ND Tissue

21 Cladosporium spp. C. sphaerospermum GU017501.1 (100) AB100654.1 (100) ND Abscess
22 Unid black mold E. lecanii-corni JX681040.1 (100) ND ND Skin

23 Unid block mold E. lecanii—corni JX681040.1 (100) FJ358243.1 (99) ND Skin

24 Exophiala spp. E. pisciphila AF050273.1 (100) AF050273.1 (100) ND pus

25 Exophiala spp. E. salmonis AY213652.1 (99.7) ND ND pus

26 Fonsecaea spp. E. spinifera FN428876.1 (93) FN428876.1 (99) ND Skin

27 D. constricta O. humicola JX681053.1 (100) AB600878.1 (100) ND Others
28 Fonsecaea spp. P. europaea JQ766441.1 (99) JQ766491.1 (100) ND Skin

29 Unid block mold P. europaea JQ766491.1 (93) JQ766491.1 (99) ND Skin

30 Unid black mold P. olivacea AB190379.1 (100) AB190412.1 (99) ND Skin

31 Scedosporium spp. S. apiospermum ND FJ345358.1 (100) ND Tissue
32 Scedosporium spp. S. apiospermum GQ476985.1 (99.8) B363764.1 (100) ND Eve

33 Scedosporium spp. S. aurantiacum HQ231818.1 (100) FJ345358.1 (99) ND Tissue
34 Scedosporium spp. P. boydii GU566237.1 (99) AB158098.1 (100) ND Tissue
35 Acremonium spp. A. charticola AJB21774.1 (95) ND ND Toenail
36 Acremonium spp. A. strictum GU595023.1 (100) AB294802.1 (100) ND Skin

37 Unid mold A. strictumn ND AB501341.1 (100) ND sputum
38 A. falvus A. falvus JQ763433.1 (98) ND ND Transtracheal
39 Aspergillus spp. A. fumigatus JX231005.1 (100) JX174044.1 (100) ND BAL

40 Aspergillus spp. A. lentulus JN943567.1 (100) JX174044.1 (100) ND Endotracheal
41 A. terreus A. terreus EF567982.1 (99) ND ND Ear

42 Scopulariopsis spp.  A. versicolor AJ937750.1 (100) AJ937751.1 (100) ND Tissue
43 Unid mold A. versicolor JX401544.1 (100) HES20800.1 (100) ND Nail

44 Unid mold E. parvathecia GU594759.1 (100) ND AB243111.1 (99) Skin

45 Fusarium spp. F. solani GQ365154.1 (100) ND ND Eve

46 Fusarium spp. F. solani complex JX435219.1 (100) ND ND Blood
47 Fusarium spp. F. dimerum EU926284.1 (100) EU926284.1 (100) EU926417.1 (100) Urine
48 Fusarium spp. N. rigidiuscula JX179200.1 (99) HMO042412.1 (99)  AB587066.1 (100) Sputum
49 Unid mold G. pannorum EF540755.1 (100) JQ768405.1 (100) ND Skin

50 Unid mold G. argillacea HQ246728.1 (100) ND GU968696.1 (99)  Lung tissue
51 Paecilomyces spp. G. argillacea GU165726.1 (99.3)  EU862338.1 (99.7) ND Sputum
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Table 1. Continued

Molecular identification

ITS

D1D2

B-tubulin

No Morphological 1D Specimen
Sequencing 1D Accessi(_)n No. & Accessipn No. & Accessipn No. &
Identity (%) Identity (%) Identity (%)
52 Paecilomyces spp. P. lilacinus JQ821350.1 (100) HQ232163.1 (100) ND Fluid
53 Paecilomyces spp. P. lilacinus HM242264.1 (100) AB363751.1 (100) ND Abscess
54 Paecilomyces spp. P. lilacinum ND JQ353487.1 (100) ND Tissue
55 Penicillium spp. P. agrillaceum FR670332.1 (98) ND JF910277.1 (92)  Transtracheal
56 Penicillium spp. P. expansum HM469423.1 (99) ND ND BAL
57 Penicillium spp. P. citreonigrum EU729705.1 (99) EU069419.1 (100) EF198623.1 (97) Fluid
58 Penicillium spp. P. glabrum JX421729.1 (99) HE802528.1 (100) ND Sputum
59 Penicillium spp. P. glabrum EF592172.1 (100) ND ND Sputum
60 Geosmithia spp. P. janthinellum HQ839780.1 (100) ND ND BAL
61 Penicillium spp. P. ochrochloron HM469394.1 (99) ND GU981672.1 (99) Sputum
62 Penicillium spp. P. purpurogenum DQ681328.1 (99.7) ND ND Sputum
63 Geosmithia spp. P. raperi AF033433.1 (91) AF033433.1 (100) ND BAL
64 Unid Black mold Microascus spp. AB566304.1 (99) ND ND Others
65 Scopulariopsis spp. Microascus spp. AB566304.1 (99) AB566305.1 (100) ND Foot skin
*Abbreviations: ID, identification; R/O, rule out; ND, not done; Unid, unidentified; BAL, Broncho Alveolar Lavage.
Table 2. Comparison of identification by morphological criteria with sequence analysis
Number of isolates identified at taxonomic level
Identification method
Species Genus Unidentified Discrepancies Total
Morphological 1D 5 (7.7%) 35 (53.9%) 11 (16.9%) 14 (21.5%) 65 (100%)
Molecular 1D 62 (95.4%) 3 (4.6%) 0 0 65 (100%)

*Abbreviation: ID, identification.
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Table 3. Discrepant results between morphological and molecular
method, and morphologically unidentified isolates results

Morphological identification Molecular identification

Acremonium spp. S. schenckii
Fonsecaea spp. P. europaea
Paecilomyces spp. G. argillacea
D. constricta O. humicola
R/O Emmonsia spp. A. dermatitidis
R/O Fonsecaea spp. E. spinifera

R/O Fusarium spp.
R/O Geosmithia spp.

N. rigidiuscula
P. janthinellum

R/O Geosmithia spp. P. raperi
R/O Mucor spp. R. pusillus
R/O Rhizomucor spp. M. fragilis
Rhizomucor spp. L. corymbifera
Rhizomucor spp. L. ramosa
Scopulariopsis spp. A. versicolor
Unid black mold M. speicies
Unid black mold E. lecanii-corni
Unid black mold P. olivacea
Unid block mold E. lecanii-corni
Unid block mold P. europaea
Unid mold A. strictum
Unid mold A. versicolor
Unid mold E. parvathecia
Unid mold G. pannorum
Unid mold G. argillacea

Unidentified Zygomycetes R. microsporus var. chinensis

Abbreviations: R/O, rule out; Unid, unidentified.
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7L, ZARSH, 123l 550] FEj7HHIsssto] & 2] 5
o] mj-¢- 7ithETtH18-21].

2 Aol A FEfshA] EAoA 12 o 5 8510 YX]
sto] 33.4%0ll sigok= 499 8 EYAE YEth
Kontoyiannis 61191 2052] Mucormycosis2] FEisH4]
I AP ESY 2A0lA 20%2] EYAE Kot Bl
o1l QIth. Rhizopus spp., Cunninghamella spp., 12|1l
Syncephalastrum sppe 7R = ZAPGS] 553 EX O
E DNAE H|o|AE gt 7|4 FiA Aaet YA|ol= AaE
B o\, Mucorspp., Rhizomucor spp., 18131 Lichtheimia
spp.oM=EYAE Bt mebA] M54 74 SollAl £
& Mucorales?] FeaHd 5742 ZAIES sidst] Hsiil=
AP ESHA WS Hgos Ao -8 A 0 & AlE T

Aspergillus spp.<= Xl FAARIA 7FE Wol Eaj=l=
75 59 sholtt. & AtollAl ARt 714 BEACIM =
Feetd o = I3 5750 £ Aspergillus spp. 8
T30} ulsA 2 5, 183 Scopulariopsis spp. = 735}
R 1575 ZtSlo] 1150]ch A7IMGRA 23 10 =
ITSOlA AFE/do] 98~100%5 HERHIL, 55+= D1D20lA]
99~100%2] A5/3S EIt. ITS S-3AlA 589 dF=
A. fumigatus’}y 5F=2 7P B¥AL, A. falvus, A. terreus, T1
3L A lentulus’t 27+ 1574 & 274 SHEUL, A

—_




versicolor= 2 25 1TS2FD1D20Y1A 100% 3532 e}
Wik, ek Aol A A B EA] kot 57go] E7F
539 E 15%= £ parvathecia® 1TS 100%, B-tubulin 99%
9] AXE=E RY). £ parvathecia® A. parvathecia.2)
teleomorph® YA AcH14].

£ A= XA FEERl FAREE BAska sia
517] flste] Zte] B7IAGEAl et CLSI 7lel==iel
MM18-A7} 20080 A= o[6], 1 7]l wet H714<E
EAAAFPHES Esto], 28A R Xxte] 57 WSl FE

.

52 574 Aol AHgEol 5L BAYRILA Rl 9714
9 142 1o Hlwsieich

Qg Ao HelEl A oot o s -
ofe} Qolet. 3, e 459] Algolet Hx|o] Aleia viof

2rof whet Heto] Af= St o2 1, o] Azt 57
7HetEd) S4), FEiehd 59 SA7} Ee YRR HSF
HFEIE YERtLL, ofH FRolle = 7 AV B EAPL
FEA] ot 549 ZAE 22 5 fle A7 ARt A
A, Feferd 5789 LAV} El= HARE R EARE 2kt 5
Hete FHeH] 5780 vt He AR S iR 3t F
oA tHA 1 E 79t AJAISHAL Qlof A& 1 FE7}ord
H|A 3 Feo] FABEALER] 7B-folli= At AAlel 23 oS
7R A7 FHSH] 559 @FE Hsid 47 /it

AR At 57 vl Aol B, 24 Mgz
AYA}O| moF 52] FEjstd E4Jof elEstal it shA|RE £
< viofetar EAR1 FEiE el] Heii= Zole =
T 7 AR Y, 54 oAl e s71E APt
9ot T3 HARRRS] F34 Ao st = A5 57
Stz 2A7F Sloisitt. 229 B arsof| ofehd A=
HHo] B2 1 e 5782 2Rt F-89t =7t= ERlE
[1, 18].

WA AVS R Zt2] BAMIESH 5782 A
7] Il A e g iRt o e} B-8-2Q1 HollA] |
587 52 A 1=sfiof gH13). Ciardo 18] 4]
FollA T AA7F35° CollA Aeh= 7455 54 olHell
FejeF 0 & 2] 50| o] FoIR|A| FomA FH o= F
LI AVSE Zlatol] ghofix] BAMEESH I 0 2 573& AIY
QL sieiet.

A. fumigatus®} o] 5| Eej=]al /g4o] wiEr, Z=ko]
Fejet dAngA o] FEIgh A% el 54 Wil
H AR} H|E- HojlAf= o= R-8-t Hiro ok, Ty 22
&0t e A versicolor®} 20| o] BT Anjgd A0 =2

ST

O
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T 529 5780l E7Fse S AAle] Feiet A QoE
TEslo] 0] 5= Fioto] EAMEESH] AARE AEst
ofo} gith.

A. dermatitidis, T. marneffei, 1831 G. argillacea*™
H/gol st i) B A7} @l S, Exophiala
spp.&} Phialophora spp. 1813l Fonsecaea spp. 2t 2o A
Zgo] il BAYRAL] FAdo] & o H= SM Zto] B
Mucor spp., Rhizomucor spp., L83l Lichtheimia spp.
53} Zo] FHj7} v]S=3t Mucorales®] 7-9-oll= A A
B} 14 oJo)E Trefsto] FEISHAR] AA A E HIE o 2
AP ESH] WS a1efstoiof it

B AAeIA Be=l= 2] 5782 B2l FHEH
AAR}EAPEESH HARS Hageh 41451l % EU =
AT = YA EAPIETA ] AARTH
S8 5= JEfslojoF st g, A, FA Hx
o= FEE1 549 TA7} He BAEATT FAHEA] A
u, EAEA = 50| E715 1t A% =4, T
APt 219] Zlate] 10 oV i st A=A A
=R o= A A, A A 5= Efslo] S 5
O] Q== 7%, 1= Y| A= J=te] EAJ1 dv| g4 3
Bj2] /o] EUAsHAY, B F S| RAZA T TakE= 7
= J25to] A7 |AEEA W 5 EAMIEE HARE Al
QA AP Xate] 57800 78T A= AlEE

i

>~

O OfF

i

W AA A 221 65719 AVIE Aate T2z A
SHA. o] T2 FHTH 02 570 B st Alat, FH

SF&| 0 2 FAste] Fgo] it 9, F{species) T2
50| 97El= #EEolth. PCRY} A7|AEEALS ITS.
DiD2, 22831 B-tubulin F-8RE 4 H-H=2 o111, T=5
F7IME2 A5 B4 #1519 GenBank H|o]E{H|0] 9]
ATelES ofgslol Fjsleit Feferdon & Szl 5
o] 7Fs3t AL 61.5%01A L, 6559 F7|AFEA o7
02 9= 4352 5790] 7Rs 3ttt FEfeH AARF 471
A ERA] A, &at Fo] EJRIRE A9 145421.5%)°131
1, FEjeH 0 & 0] E7FESIE Alell= 11 w5013iH.
B, dermatitidis, T. marneftei, 18|11 G. argillacea o< &
7\EEA 02 oA AFOo = SIS, Aspergillus
o} o] &5] Fej=1l Aol wlE Xwt=2] 7-9oll= FHISt
A1 HAPF HarAza vl HHoflA = o -85 HH ol
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