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Tém tat

Pat van dé: Pinh danh nhanh va chinh xdc ndm Candida dén cap loai hodc phirc hop lodi ¢é vai trd quan
trong trong lia chon khang ndm hop Iy va kiém soat nhiém khuan bénh vién. Cong cu ma vach ITS ty dong
duoc xay dung nham chuan héa budc phan tich trinh tu, gidm thiéu thoi gian x{r Iy va tao d4u ra thuan loi
cho tich hop vao hé théng xét nghiém va giam sat kiém soat nhiém khuan.

Muc tiéu: M6 ta cac tinh nang chinh cta céng cu dinh danh ma vach ITS ty déng va danh gid hiéu ndng
nhan dang trén bd trinh ty chiing ndm men 1am sang théng qua cac chi s6 chin doén tiéu chuin.

D4i twong va phwong phap nghién ciru: Cong cu duoc xdy dung trén co sé& dit liéu ITS tham chiéu gém
134 lodi ndm y khoa thudc 7 chi va hoat déng theo bén buéc: K-mer indexing, so sdnh khoang cach K2P véi
ngudng hiéu chinh theo chi, bdo cdo phan cap (loai/phtrc hgp/chi) va c& canh bdo loai 4n. B6 dit liéu danh
gid gdbm 145 trinh tu ITS, trong d6 92 trinh tu tir chiing ndm men phan 1ap 1dm sang tai Bé&nh vién Srinagarind,
Thai Lan, va 53 trinh ty tir cdc chlng chun ngoai co s& dit liéu thu thap tir GenBank. Cac chi s6 d6 chinh
xac, do nhay, dé dac hiéu, gia tri tién doan duong (PPV), gia tri tién doan am (NPV) va thoi gian xr ly dwoc
tinh todn, d&i chiéu vdi tiéu chuan vang |a phan tich cay phét sinh loi va so sdnh hiéu ndng véi NCBI BLAST.

Ké&t qua: Trén 145 trinh ty dugc danh gid, cdng cu ghi nhan 90 dwong tinh that, 52 4m tinh that, 1 duong
tinh gid va 2 am tinh gia. D6 chinh xac dat 97,9%, do nhay 97,8%, do dac hiéu 98,1%, PPV 98,9% va NPV
96,3%. Thoi gian xt ly trung binh 0,93 gidy/trinh tw. Céng cu dinh danh dung hoan toan & murc loai d6i vdi
C. tropicalis (24/24), C. glabrata (9/9), C. krusei (4/4), va C. africana (6/6); déng thdi bdo cdo an toan & muirc
phirc hop ddi véi C. albicans, phirc hop C. parapsilosis va phirc hgp C. rugosa. So sanh véi NCBI BLAST, cdng
cu ty ddng dat d6 chinh xac cao hon (97,9% so véi 93,5%) va téc dé xr ly nhanh hon khoang 10 [an (0,93 so
v&i 10 gidy/trinh tu).

K&t ludn: Cong cu ma vach ITS ty ddng cho thay hiéu nang dinh danh cao, t6c d6 xt Iy nhanh va co ché bdo
cdo an toan d&i vdi cac trudng hop khd. Gia tri ndi bat 1a ty ddng hda phan tich trinh tw, chuin héa két qua
d4u ra va tiém nang tich hop vao quy trinh quan ly khang ndm va gidm sat kiém soat nhiém khuan bénh vién.

Ttr khod: md vach DNA; ITS; Candida,; dinh danh ném men;, kiém sodt nhiém khudn.
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Abstract

Background: Rapid and accurate identification of Candida species at species or species-complex level is
essential for antifungal stewardship and hospital infection control. An automated ITS DNA barcoding pipeline
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was developed to standardize sequence analysis, reduce processing time, and generate structured outputs
suitable for laboratory information systems and infection-control surveillance.

Objectives: To describe the key features of the automated ITS DNA barcoding tool and evaluate its
identification performance on clinical yeast sequences using standard diagnostic metrics.

Materials and methods: The pipeline was built on a quality-controlled ITS reference database covering
134 medically relevant fungal species across 7 genera and comprised four major components: K-mer
indexing, K2P distance comparison with genus-specific thresholds, hierarchical three-tier reporting (species/
complex/genus), and cryptic-species flagging. The evaluation dataset comprised 145 ITS sequences: 92 from
clinical yeast isolates obtained from Srinagarind Hospital, Thailand, and 53 reference sequences from out-of-
database species retrieved from GenBank. Accuracy, sensitivity, specificity, positive predictive value, negative
predictive value, and processing time were calculated against phylogenetic tree-based identification as the
reference standard and compared with NCBI BLAST.

Results: Among 145 evaluated sequences, the tool recorded 90 true positives (TP), 52 true negatives
(TN), 1 false positive (FP), and 2 false negatives (FN). Overall accuracy was 97.9%, sensitivity 97.8%, specificity
98.1%, PPV 98.9%, and NPV 96.3%. Mean runtime was 0.93 seconds/sequence. The tool achieved complete
species-level concordance for C. tropicalis (24/24), C. glabrata (9/9), C. krusei (4/4), and C. africana (6/6);
and safely reported results at the complex level for the C. albicans, C. parapsilosis complex, and C. rugosa
complex. Compared with NCBI BLAST, the automated tool demonstrated higher accuracy (97.9% vs. 93.5%)
and approximately 10-fold faster processing (0.93 vs. 10 seconds/sequence).

Conclusion: The automated ITS barcoding tool demonstrated high identification accuracy, rapid processing,
and safe hierarchical reporting for challenging cases. Its primary strengths are automated sequence analysis,
standardized structured output, and potential utility for antifungal stewardship and hospital infection-control

surveillance.

Keywords: DNA barcoding; ITS; Candida; yeast identification; infection control.

1. DAT VAN DE

Nhi&m nam bénh vién dic biét do cac loai Candida
I3 nguyén nhan gay bénh hang dau va tlr vong & bénh
nhan nam vién, dic biét tai don vi cham sdc tich cuc
(ICU) va bénh nhan suy gidam mién dich. Cac pipeline
tin sinh hoc ty dong bao gbém cdac gidi phép dwa trén
tri tué nhan tao (Al) va hoc mdy (machine learning -
ML) dang duoc nghién cu ing dung nham cai tién
t6c d6 va dd chinh xac trong chan doan, phan loai,
va du bdo nguy co nhiém vi ndm tai bénh vién [1-3].

Theo wéc tinh, ¢ it nhat mot ty nguwoi bi nhiém
nam trén toan thé gidi, dan dén hon 1,6 triéu ca tl
vong hang nam [4]. Candida la mot trong nhitng tac
nhan gay nhiém khuan bénh vién phé bién nhat, dic
biét 13 nhiém ndm huyét do Candida (candidemia).
Chan doan truyén théng phu thudc vao nubi cy con
han ché vé thoi gian va do phan giai (thudng mat 72
- 96 giv), trong khi MALDI-TOF MS tuy nhanh van cé
thé gap kho khin véi cac loai hiém, loai 8n va céc phirc
hop loai gan nhau [5,6]. Su ndi |én cla Candida auris
- loai da khéng thuéc, cé kha nang lan truyén manh
trong bénh vién - da thic d4y nhu cau cip thiét vé cac
c6ng cu chan doan nhanh va chinh xac hon [7].

Phuong phdp ma vach DNA (DNA barcoding)
dua trén vung ITS (Internal Transcribed Spacer) cla
rDNA |3 tiéu chudn vang trong phan loai phan t& vi
nam, giup nhan dién hau hét cac loai ndm y hoc quan

trong. Suw két hop gitra gidi trinh tu ITS va cac pipeline
tin sinh hoc ty déng, duoc tang cwong bdi Al, dang
m& ra mot ky nguyén mdi trong chan doan vi ndm
lam sang [8,9].

Nghién ctru nay duoc thuc hién véi hai muc tiéu
chinh: (1) mé té cdc tinh ndng chinh cta céng cu méa
vach ITS tw déng trng dung cho dinh danh vi ném; (2)
ddnh gid hiéu ndng nhén dang cta cbéng cu trén bé
ching ném men phén ldp Iédm sang théng qua cdc chi
s6 chd@n dodn chudn va thoi gian xi ly.

2. DOl TUQNG VA PHUONG PHAP NGHIEN CU'U

2.1. Co s& dir liéu tham chiéu

Co s& dit liéu (CSDL) tham chiéu dugc xay dung
tlr 288 trinh ty ITS cla 134 loai ndm y khoa thudc
7 chi, gdbm Candida, Cryptococcus, Malassezia,
Rhodotorula, Trichosporon, Aspergillus va Fusarium.
Trinh ty dworc tai xudng tir GenBank (truy cip ngay
09/06/2025) va kiém soat chat lvgng nhidu budc
theo khuyén cdo cha cong déng tin sinh hoc ndm
[10]: loc chiéu dai trinh ty (400 - 900 bp cho toan
b6 vung ITS), loai béd trinh tu cd ty & base khong xac
dinh > 2%, d6i chiéu phan loai hoc v&i MycoBank va
loai bd trung ldp hoan toan trong cung loai.

Tiéu chi lya chon loai vao CSDL dva trén: (1) co
ghi nhan gay bénh & ngudi theo y van; (2) wu tién céc
loai cé y nghta khang thudc hoac dich t& ndi bat; (3)
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la thanh vién cla phitc hop loai cé nguy co nham |an trong dinh danh khi s& dung phuong phép kiéu hinh
hoac MALDI-TOF MS thuong quy.

Dai véi chi Candida, CSDL bao phd 33 loai cé y nghia y khoa, bao gdbm cdc loai hién tai va cac loai trudc
day tirng duoc phan loai vao chi nay (Bang 1).

Bang 1. Danh muc 33 loai Candida c6 trong CSDL tham chiéu

Loai phirc hop/

Y nghia lam sang

déng hinh
C. albicans Loai phan 14p huyé&t hoc phé bién nhat; dé khang azole dang gia tang [11-13].
C. africana C. albicans dé dinh danh nham v&i C. dubliniensis trén CHROMagar [14] va C.

C. dubliniensis

africana - can xac nhan bang sinh hoc phan tir [15]

C. tropicalis

Ty lé khang azole cao nhat trong 5 loai Candida chinh [16]; t& vong do nhiém
xam |&n khodng 55 - 60% [17]

C. parapsilosis
C. metapsilosis
C. orthopsilosis

Gay dich nhiém khuan lién quan catheter tai NICU [18]; xuat hién chlng
khéng fluconazole va echinocandin [13,18]; cac loai d6ng hinh cé hoat tinh
echinocandin gidm [19]

C. glabrata
C. nivariensis
C. bracarensis

MIC fluconazole va echinocandin cé xu huéng ting dan [20]; cac loai déng hinh
dé bi bo sét béi co s& dit liéu MALDI-TOF [21]

C. krusei

C. auris
C. haemulonii

Dé khang ndi tai vdi fluconazole & >70% chling phan 14p toan cau [13]

Pa khang thudc, gy vu dich bénh vién; ty |8 tlr vong toan cau tir 40 - 60% [22];
thudng bi dinh danh nham sang phirc hop C. haemulonii béi hé théng sinh hod
va MALDI-TOF MS [23]

C. lusitaniae

C6 xu hudng phéat sinh khang amphotericin B trong qua trinh diéu trj [24]; ghi
nhan trong nhiém ndm huyét va nhiém trung mat lién quan thiét bi y t& [24,25]

C. kefyr

Nhiém tring xdm 1an & bénh nhan suy gidm mién dich [26]; m6t s6 ching gidm
nhay cam véi echinocandin [27]

C. guilliermondii
C. famata

C. ciferrii

C. fermentati

C. pararugosa

Thuong gdy nhiém nam huyét lién quan dén catheter tinh mach [28-32]; xu
huéng tdng dé khang véi nhém Azole [13], dé dinh danh nham véi C. famata va
C. fermentati trén hé théng sinh héa ty dong [28]

C. rugosa
C. neorugosa
C. pseudorugosa

Gay nhiém nam huyét lién quan dén catheter tinh mach [33], gidam nhay cam v&i
nhém azole va echinocandins [34]

C. inconspicua
C. norvegensis

Xu huéng gia ting & nhdm bénh nhan suy gidm mién dich, dé khang véi cac
thu6c khang ndm nhém azole [35]

C. pelliculosa
C. utilis

Gay bung phat nhidm khuan bénh vién & tré so sinh va bénh nhi cé luu catheter
tinh mach, gidm nhay cdm véi nhdm azole [35]

C. lipolytica

Gay dich nhi&m khuan bénh vién lién quan dén lwu catheter tinh mach va cé kha
nang tao mang sinh hoc [35]

C. palmioleophila
C. zeylanoides

C. aaseri

C. pseudoaaseri

Gay nhiém trung bénh vién; cé xu huwéng dé khang ddc thu va thuong bi dinh
danh nham trén cac hé théng sinh héa ty déng [36-39]

C. subhashii

N&m men mdi néi; ca viém phic mac do ndm dau tién trén bénh nhan suy than
giai doan cudi (2009); di¥ lieu khdng thudc han ché, can dinh danh bang sinh
hoc phéan tlr [40]

2.2. Thiét k& va cac tinh ndng chinh clla cdng cu  hanh trén phan cing phé thong (b6 x{ Iy Intel Core
Cong cu dugc phat trién bang Python 3.9 véi cadc 5, bd nhd RAM 8 GB), yéu cau bo nhé dwdi 250 MB

thu vién m3 ngudn mé (BioPython, NumPy, pandas), cho CSDL tham chiéu hién tai. Dau vao la cac trinh
chay trén hé diéu hanh Ubuntu 22.04 LTS (Linux), vdn  ty toan bd vung ITS (ITS1-5.85-ITS2) tir gidi trinh
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tw Sanger & dinh dang FASTA; dau ra la két qua dinh
danh cé cu truc, c6 thé xuat dang CSV dé tich hop
v&i hé thdng théng tin xét nghiém (LIS/HIS).

Céng cu hoat déng theo bén budc tuan tu.
Buwdc 1 — K-mer indexing: thu hep nhanh khong
gian tim ki€ém &ng vién tlr co s& di¥ liéu tham chiéu
dya trén tan suat cac doan ngan diac trung. Budc
2 — So sénh khoang cach K2P: Ngu&ng K2P ban dau
duoc thiét 1ap cho tat ca cac chi dua trén phan bd
khoang céch ndi loai (intraspecific distance) va lién
loai (interspecific distance) duoc ghi nhan trong cac
nghién ctru ma vach ITS trén ndm y khoa: ngudng
noi loai = 0,015; ngudng gian loai = 0,026; nguwdong
phttc hop loai = 0,050; ngudng loai trir ngoai chi =
0,080 [41,42]. Sau d6 cac ngudng trén dugc hiéu
chinh riéng cho tirng chi bang phan tich barcoding
gap dwa trén phan bé khoang cdch K2P thyc té
trong CSDL tham chiéu. Cac K2P 4p dung sau hiéu
chinh cho chi Candida: ngudng phan loai mirc loai
la 0,024; ngudng phan loai mirc chi la 0,035; va
ngudng loai trir ngoai chi 0,12. Budc 3 — Bdo cdo
phan cap: tra két qua theo mdrc do tin cdy giam dan
(loai, phirc hop loai va chi) kém diém tin cay tuong
rng. Bwdc 4 — Co canh bdo loai an (cryptic species):
kich hoat khi trinh tu ITS don locus khéng da kha

nang phan biét chac chén gitra cac loai rat gan nhau,
giup phong tranh dinh danh qua murc.

2.3. Bo dir liéu danh gia hiéu nang cong cu

B6 dir liéu danh gia gdm 145 trinh tyu trong do:
(1) 92 trinh ty ITS cla ching ndm men phan lap ti
bénh pham |am sang c6 nudi cdy dwong tinh tai Bénh
vién Srinagarind, Khoa Y, Dai hoc Khon Kaen, Théi Lan
va (2) 53 trinh ty ITS cla cac ching chuan thudc cac
lodi ndm ngoai CSDL tham chiéu dwoc thu thap t
GenBank (ngay truy cap 06/05/2026).

Pdng thoi, toan bd 92 trinh tw chlng ndm men
lam sang duoc phan tich song song bang NCBI BLAST
online (Megablast, CSDL nucleotide nt, tham s6 mac
dinh) nham so sdnh d6i chiéu két qua dinh danh véi
cbng cu ty dong [43]. K&t qua BLAST dugc ghi nhan
dwa trén “best hit” cé diém twong dong (percent
identity) cao nhat.

Két qua dinh danh tham chiéu duoc xac dinh bing
phan tich cdy phat sinh loai, dung nhu tiéu chuan vang
dé ddi chiéu vai két qua clia cong cu tu dong va NCBI
BLAST trong viéc danh gid va so sanh hiéu nang.

2.4. Pinh nghia tiéu chuin va chi s6 danh gia
hiéu nang

Céc tiéu chuan danh gid hiéu nang cla céng cu tu
dong duoc dinh nghia nhu sau:

bung Sai
Thude CSDL Pinh danh dlng & murc Lodi/Phirc hgp Dinh danh sai @ murc Loai/Phirc hop loai so
; loai so véi tham chiéu (TP) v@i tham chiéu (FP)
Ngoai CSDL Tra két qua “Unknown” hodc dinh danh  Dinh danh sai & murc Loai/Phirc hop loai/

dung & mirc Chi (TN)

Chi so v&i tham chiéu (FN)

Tir d6, cac chi s6 duoc tinh theo cac cong thirc: DO
chinh xac (Accuracy) = (TP+TN)/(TP+TN+FP+FN); D6 nhay
(Sensitivity) = TP/(TP+FN); Do dac hiéu (Specificity) = TN/
(TN+FP). Gia tri tién doan duong (Positive Predictive
Value — PPV) = TP/(TP+FP). Gia tri tién dodn 4m (Negative
Predictive Value — NPV) = TN/(TN+FN).

Thoi gian xt ly dugc do ty dong bing cdng cu, bao
c4o theo gidy/trinh ty va téng thoi gian cho toan bd 16
mau. K&t qua dwoc xuat dang CSV va duoc téng hop.

K&t quad BLAST dugc d6i chiu véi phuong phdp
tham chi€u va dugc danh gia theo dang nhj phan
(dung/sai) nén viéc so sanh dwoc danh gid & do
chinh xac va thoi gian xt ly.

2.5. Pao durc nghién ciru

Nghién clru dwoc thyc hién trén cac chung ndm
I&m sang, tuan thd cac quy dinh quéc gia va chinh
sach cla co s& lién quan, theo cac nguyén tic cla
Tuyén bé Helsinki. Nghién cru cling d3 dwoc Hoi
doéng Pao dirc Pai hoc Khon Kaen (KKUEC) phé duyét,

vdi ma s chdp thuan IRB No. HE671084.

3. KET QUA NGHIEN cU'U

3.1. K&t qua phan tich cay phat sinh loai

Cay phét sinh loai dwoc xay dung bang phuong
phép Neighbor-Joining tir 135 trinh ty ITS gém 92
trinh tw 1am sang va 43 trinh tw chun cla cac loai
dai dién (Hinh 1).

C4c nhanh chinh twong &rng rd vdi céc loai d3 biét:
cac cum C. tropicalis, C. glabrata, C. krusei dwgc tach
biét v&i gid tri bootstrap cao, hd trg ranh gidi loai
da xac dinh. Cac ching thudc phirc hop C. albicans
(bao gdbm C. albicans, C. africana va C. dubliniensis)
phan nhanh ndm sat nhau do khoang céch trinh ty
ITS thdp. Tuwong tw, cdc nhanh C. parapsilosis, C.
orthopsilosis, C. metapsilosis tao thanh moét cum
phirc hop riéng biét. K&t qua dinh danh chi tiét duoc
trinh bay tai Hinh 1 va Bang 2.
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Hinh 1. Cay phét sinh loai clia 135 ching xay dung bang phuong phap Neighbor-Joining trén MEGA12,
bootstrap 1000 lan 13p, khoang cach tién hda theo mé hinh Tamura 3-tham s6 (G = 0,44), TYPE = chdng
chuan; B = mau mau; F = mau dich co thé

3.2. K&t qua dinh danh bang NCBI BLAST va cong cu tuw dong
Bang 2 téng hop két qua dinh danh 92 ching ndm men 1am sang theo nhém loai, déi chiéu gitra BLAST,
cong cu tw dong va phuong phap tham chi€u bang cay phat sinh loai.
Bang 2. K&t qua dinh danh cla 92 ching ndm men |dm sang theo nhém loai

NCBI BLAST

Nhom (Megablast) Cong cu tw dong Cay phat sinh loai n
. C. albicans C. albicans cpx C. albicans 40
C. albicans complex ) ] )
C. albicans C. africana C. africana 6
C. tropicalis C. tropicalis C. tropicalis C. tropicalis 24

C. glabrata C. glabrata C. glabrata C. glabrata 9
C. krusei C. krusei C. krusei C. krusei 4
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C. orthopsilosis C. parapsilosis cpx C. orthopsilosis 1
o C. metapsilosis  C. parapsilosis cpx C. metapsilosis 1

C. parapsilosis complex o o o
C. parapsilosis  C. parapsilosis C. parapsilosis 1
C. orthopsilosis  C. orthopsilosis C. orthopsilosis 1
C. rugosa complex C. mesorugosa  C. rugosa cpx C. mesorugosa 1
C. ciferrii C. ciferrii C. ciferrii C. ciferrii 1
C. fermentati C. fermentati C. fermentati C. fermentati 1
Debaryomyces nepalensis D. nepalensis C. famata D. nepalensis 1
Kodamaea ohmeri (ngoai CSDL) K. ohmeri Unknown K. ohmeri 1

K&t qua NCBI BLAST cho thay cé 86 trinh tw dwoc
dinh danh dung va 6 trinh tu C. africana duwoc dinh
danh thanh C. albicans (Bang 2).

Trong 91 trinh ty thudc CSDL, cong cu dinh danh
didng 90 ching, trong d6 dat két qua ding trén cac
nhém C. tropicalis (24/24), C. glabrata (9/9), C. krusei
(4/4). B6i véi nhém phire hop C. albicans (n = 46): toan
bd 40 mau C. albicans dwoc cong cu bao cdo & mic
phirc hop loai (C. albicans complex); toan bd 6 mau C.
africana dwoc dinh danh dung & mirc loai. Cac trudng
hop nam trong phtrc hop C. parapsilosis (bao gom C.
orthopsilosis, C. metapsilosis) dugc phan loai chinh xac
& murc loai hodc phirc hgp loai. Phirc hop C. rugosa

cling dwoc phan loai chinh xac & cip phirc hop [33,44].

DGi v8i 54 trinh ty ITS ndm ngoai CSDL, cdng cu
dinh danh dung 52 trinh ty trong do6 18 trinh ty duwoc
dinh danh ding & mic Chi, va 34 trinh ty dwoc tra
vé k&t qud “Unknown”. Céng cu dinh danh sai hai
trinh ty, trong dé 1 trinh ty C. margitis (ID truy cdp
GenBank: NR159750) duoc dinh danh thanh phic
hop C. parapsilosis va 1 trinh tu C. hyderabadensis
(ID truy cap GenBank: NR159741) dwgc dinh danh C.
parapsilosis & mirc loai.

Chi tiét ma tran danh gid két qua dinh danh cla
cong cy ty dong va NCBI BLAST duoc trinh bay tai
Bang 3.

Bang 3. Ma tran danh gid két qua dinh danh

Phwong phap Plng Sai Téng
Cong cu tu dong Thudc CSDL 90 (TP) 1 (FP) 91
(n=145) Ngoai CSDL 52 (TN) 2 (FN) 54
NCBI BLAST (n=92) 86 6

3.3. So sanh hiéu suét giira céng cu tw ddng va NCBI BLAST

C4c chi s6 danh gia hiéu suat cla cong cu ty ddng va NCBI BLAST dwoc trinh bay chi tiét tai Bang 4.

Toan bd 145 trinh ty dwoc cong cu x& ly trong 135,1 gidy (twong dwong thdong lwgng 0,93 gidy/trinh ty),
nhanh hon khodng 10 [an so v&i NCBI BLAST va khodng 200 - 300 Ian so vdi quy trinh phan tich thl cdng dwa

trén cdy phat sinh loai (wdc tinh 3 - 5 phat/trinh ty).

Bang 4. So sanh chi s& hiéu ning gilta hai phuong phap

Chi s& c°"‘(°"n°‘=-‘ ;;'S‘-’"g NC(:LB;'SST Cay phat sinh loai
DO chinh xac 97,9% 93,5% -
D6 nhay 97,8% - -
Do dac hiéu 98,1% — -
Gia tri tién doan duong 98,9% — -
Gia trj tién doan am 96,3% — -
Thoi gian xt ly trung binh/trinh ty 0,93 giay 10 giay 180 - 300 giay

4. BAN LUAN

Trong giai doan 2023-2026, cadc nghién clru &ng
dung Al trong dinh danh vi nAm phat trién theo hai
huwéng chinh: phén tich hinh anh hoc sau va pipeline
tin sinh hoc phéan t& ty dong.

Vé phan tich hinh anh, Shankarnarayan va cdng
sy (cs) cho thdy md hinh InceptionV3 dat dd nhay
77,1% va d6 dac hiéu 92,4% trong viéc phan loai cac
lodi Candida dya trén hinh anh tir kinh hién vi [45];
(rng dung quang phé Raman don bao két hgp Al clia
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Xu va cs d3 dat do chinh xdc 100% & cap dé loai tir
b6 dir liéu 115.129 phé cla 94 bénh nhan; tuy nhién,
phuong phap nay doi hoi ha tang thiét bi dac thu
[4]. Bén canh d6, (rng dung mé hinh hoc sdu kép (két
hop YOLOX va MobileNet V2) cla Ren va cs d3 dat
do chinh xac 92,5% va do nhay 99,3% trong viéc phat
hién sgi ndm va bao tlr; tuy nhién, phwong phap nay
doi hdi quy trinh chudn bi mau chuyén biét dé chup
duwdi kinh hién vi huynh quang thay vi soi tuoi quang
hoc thong thuong [46].

O nhém phuwong phap phan tlr, Zolotareva va cs
da phéat trién hé théng biosensor chip két hgp m3
vach DNA (vung ITS) va cdm bién tir dién trd, dat
do6 chinh xac 95% va d6é nhay 91% trong danh gid in
silico trén 1.239 trinh ty cta 58 loai ndm gay bénh;
tuy nhién, cdng nghé nay hién van can duogc xac
thuc thém bang cdc mau bénh pham |am sang thuc
té [47].

Cong cu dinh danh ITS ty doéng dwoc trinh bay
trong nghién ctru nay thuéc nhom pipeline phan tk,
v&i diém khac biét cot 16 1a co s& dit liéu tham chiéu
duwoc kiém soat chat lvong da budc, thuat toan so
sanh khodng céch K2P két hgp K-mer indexing, va co
ché& bdo cdo phan cap an toan.

Phan tich BLAST th( cdng trén GenBank, du phé
bién, nhuwng vin cé mdt s6 han ché hé théng nhat
dinh: (1) ty & wdc tinh khodng 30% trinh tw ITS ndm
trén GenBank mang chu thich phan loai sai va tinh
trang nay van tiép dién ngay ca vdi cac trinh tu dwoc
nop gan day, bén canh d6 quy trinh kiém tra két qua
BLAST thu cong doi hdi thoi gian déang k&; mot nghién
ctru phén tich cho thay viéc xac minh khoang 20 dinh
danh cé thé mat dén hai thang [48]; (2) nguyén tac
“best BLAST hit” khéng canh bao ngudi dung vé tinh
hudng céc loai trong cling phirc hop cd khoang céch
ITS chéng 1ap, dan dén nguy co dinh danh sai [10,42].
Trong nghién clru nay, BLAST dat d6 chinh xac 93,5%
(86/92 trinh ty), thadp hon so vdi cong cu tu déng,
phan |&n do khéng phan biét duoc C. africana khoi C.
albicans - phan &nh tryc ti€p han ché cda dinh danh
dua trén ITS don locus va nguyén tac best-hit [15].

Céng cu ITS tu dong giai quyét truc ti€p cac han
ché trén theo ba hudng. Vé chat luvgng co s& dit liéu,
cbng cu st dung bd dit liéu tham chiéu da qua kiém
soat chat lwong nhiéu budc, phu hop véi khuyén
nghi kiém duyét tha céng d&i véi dit liéu ITS tham
chiéu [10]. Vé thuat todn, co ché K-mer indexing két
hop so sanh khoang cach K2P rut ngan thoi gian tim
ki€m ma van dadm bao dod phan gidi lién loai. Trén
toan bd 145 trinh ty danh gid (92 trinh ty 1am sang
va 53 trinh ty tlr GenBank), cong cu dat do chinh
xac 97,9%, d6 nhay 97,8%, d6 dac hiéu 98,1%, PPV
98,9% va NPV 96,3%, cho thay hiéu nidng 6n dinh va

can bang gitra hai nhém loai trong va ngoai CSDL.
V@ t6c do, thai gian x{r ly cla cdng cu nhanh hon rd
rét so vd&i BLAST (10 lan) va hon 200 lan cho phén
tich cdy phat sinh loai tha céng truyén théng. Vé tinh
chuin héa, k&t qua & dinh dang CSV c6 ciu tric nhat
quén cho phép tich hgp hé thdng LIS/HIS va xay dung
giam sat chi dong.

Co ché bao cdo phan cip va c& canh bdo loai 4n
I3 diém khac biét quan trong nhat v& mat an toan
lam sang. Thay vi buéc chon mot best-hit nhw BLAST,
cbng cu trd két qua theo mirc dd tin cdy giam dan
va kich hoat c& canh bao khi trinh ty truy van nam
trong vung chdng |ap khodng céch K2P lién loai. Diéu
nay dugc chirng minh qua két qua xt ly 54 trinh ty
ngoai CSDL: 52/54 trudng hop (96,2%) dugc tra vé
két qua an toan - trong d6 34 trinh ty tra két qua
“Unknown” va 18 trinh tu duoc dinh danh ding &
murc Chi - thay vi budc gdn mét nhan loai sai. bay
I3 hanh vi an toan cua cong cu ddi véi nhirng loai
ngoai CSDL, trdnh cung cap k&t qua sai léch co thé
anh huwdng dén quyét dinh diéu tri.

Y nghta Idm sang cla dinh danh chinh xac dén
cap loai nam truc tiép & quyét dinh khang ndm ban
dau. C. krusei (danh phap méi Pichia kudriavzevii)
c6 khang fluconazole ndi tai; C. glabrata (danh phap
ma&i Nakaseomyces glabratus) cé xu hudng MIC tang
dan vdi echinocandin; C. parapsilosis va cac loai déng
hinh trong phirc hop cé hanh vi khang echinocandin
khéc nhau [13]. K&t qua cho thdy cong cu nhan dién
dung toan bo C. tropicalis (24/24), C. glabrata (9/9)
va C. krusei (4/4), cac lodi cé y nghia khang thudc
hang dau hién nay. Ngoai ra, nhém phic hop C.
parapsilosis dwgc xt ly an toan: cac loai déng hinh
(C. orthopsilosis, C. metapsilosis) dugc bdo cdo &
murc phirc hop loai thay vi dinh danh sai vé loai - phu
hop véi khuyén nghi 1am sang hién hanh [49].

Trwong hgp dwong tinh gid ghi nhan & ching
B36 (Debaryomyces nepalensis bi bdo la C. famata),
nguyén nhan 13 do thi€u théng tin khai bdo vé phirc
hop loai cho C. famata trong qud trinh huan luyén.
V@ di truyén, D. nepalensis va C. famata cé d6 tuong
ddéng cao d6i vadi trinh tu ITS (Hinh 1), khién cdng cu
phan tich gdn nhan sai & do phan gidi mc d6 loai
[50]. C6 hai truong hgp am tinh gia (FN) ghi nhan
trong nhdm 54 trinh ty ngoai CSDL: (1) trinh ty C.
margitis (s6 truy cdp GenBank: NR159750) duwoc
dinh danh nham thanh phdrc hop C. parapsilosis; (2)
trinh ty C. hyderabadensis (NR159741) dwoc dinh
danh nham thanh C. parapsilosis & mirc loai. Ca hai
loai nay déu khéng cé trong CSDL huan luyén nhung
c6 trinh ty ITS dU twong dong vdi C. parapsilosis dé
vuot ngudng K2P, dan dén gan nham nhan thay vi tra
két qua “Unknown”. Nhitng han ché& nay cé thé duoc
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khac phuc néu co sé& di lieu duwoc b6 sung va khai
bdo day du théng tin vé phirc hop lodi. Trong nhém
92 trinh ty 1am sang, khéng ghi nhan dm tinh gia -
Kodamaea ohmeri (B5), loai duy nhat trong nhém
nay ndm ngoai CSDL, duoc xir Iy dung vdi két qua
“Unknown”.

Ve tiém ndng ng dung trong kiém soét nhiém
khuan bénh vién, téng quan tich hop cla El Arab va
cs trén 42 nghién ctru ghi nhan cdc mé hinh Al — bao
gdbm mang no-ron, decision tree, random forest va
hoc sau - dat AUC > 0,80 trong phat hién nhiém khuan
bénh vién, dic biét thé hién dé tin cay cao dé&i véi
nhiém khuan vét mé va nhiém khuan duong tiét niéu
va ho trg quyét dinh kiém soat lay truyén [3]. Trong
khi d6, t6ng quan hé théng va phan tich téng hop cla
Almeida va cs trén 14,620 bénh nhan cho thay cdc mo
hinh Al/ML dat gia tri tién doan am (NPV) > 95% trong
du bdo nhiém Candida xam |an. Bac diém nay khién Al
trd nén phu hop nhat cho vai trod hd tro ra quyét dinh
I4m sang nham loai trir bénh va t8i wu hda cdng tac
quan ly str dung thudc khang nam [2].

Trong béi cdnh dé, mét céng cu dinh danh tuw
dong vdi két qua dau ra dugc ciu tric héa - nhu d3
trinh bay trong nghién ctru nay - c6 co s& khoa hoc va
tiém nang dé tich hop vao mang lwdi giam sat nhiém
khuin bénh vién. Khd nang tich Ity dir liéu doc
theo thoi gian cla hé théng s& cho phép phéan tich
xu huéng phan b dich té clia cac lodi ndm va phat
hién sém sy trdi day cla cac ching da khang. Tiém
nang nay mang y nghia dac biét déi vai C. auris - mét
mam bénh da khang c6 kha nang bung phat thanh
cac vu dich 1y nhiém chéo tai bénh vién, hién dang
1ay lan nhanh tai chau Au theo bao cdo gidm sét cla
ECDC ndm 2024, nhung lai thuong dé bj dinh danh
sai léch bdi cac hé théng sinh hda ty dong hay thiét
bi MALDI-TOF MS théng thudng [51]. Tuy nhién, dé
chuyén héa nhirng tiém nidng nay thanh bang chirng
rng dung thuc tién, van doi hdi cac nghién ctru tién
clru tiép theo duwoc thiét k& chuyén biét nham danh
gid tdc dong tryc tiép.

Nghién ctru nay ton tai mot sd han ché can duwoc
xem xét trong bdi cdnh hién tai. Th& nhat, mac du
b6 dir liéu danh gid da duoc md rong 1én 145 trinh
tw, phan trinh tu 1dm sang thuc té€ chi gdm 92 ching
tir mét trung tdm duy nhat (Bénh vién Srinagarind,
Thai Lan); do d6 d6 dac hiéu cta céng cu chua duoc
kiém dinh trén quan thé |1dm sang da trung tam hay
& boi cdnh dich t& khac. Phan lén nghién ctru Al trong
vi ndm gan day déu ddi mat véi han ché tuong tu:
téng quan hé théng 2026 theo nguyén tc PRISMA
phan tich 11 nghién ctru ghi nhan rang phan lén mo
hinh Al chi dwoc xac nhan noi bd, rat it nghién clru
c6 ddnh gid ngoai da trung tam [1]; két qua danh gia

chat lwong bang cong cu PROBAST cla Almeida va
cs cling chi ra nguy co sai s6 hé théng tir mirc trung
binh dén cao & hau hét cac nghién ciru dwoc dua vao
phan tich. Diéu nay cang cling c6 thém quan diém
rang: du cac md hinh cé chi s6 thdng ké an twong,
can phai cé cac thir nghiém 1am sang va xac thuc
b6 sung tir cac don vi doc 1ap bén ngoai trudc khi
trién khai thyc t& [2]. Th& hai, dédnh gid hiéu ndng
trong nghién clru nay tap trung vao chi Candida va
cac lodi lién quan; hiéu ndng ddi v&i céc chi con lai
trong CSDL (Cryptococcus, Malassezia, Rhodotorula,
Trichosporon, Aspergillus, Fusarium) chuwa duwgc
danh gid hé théng, can c6 cac nghién clru ti€p theo
dé danh gia chinh x4c hon tinh téng quat clia cong cu
trong bdi canh 1am sang thuyc té.

DE bb sung bang chirng &ng dung lam sang,
cac nghién clru tiép theo s& duoc thiét ké theo hai
hudng wu tién: (1) xac nhan ngoai da trung tam trén
b6 chiing 1am sang da dang vé dia ly va dich t&, nham
danh gia tinh khai quat cta hiéu nang céng cu. (2)
trién khai cong cu song song vé&i quy trinh dinh danh
thudng quy cla phong xét nghiém, cung cap bang
chirng thuc nghiém cho gia tri 'ng dung trong quyét
dinh khang ndm va kiém soét nhiém khuan.

Dinh hwdng phat trién tiép theo ciia nhdm nghién
ctru 13 trién khai cdng cu dudi dang (rng dung web.
Giai phap nay cho phép cac phong xét nghiém |am
sang dé dang phan tich di¥ liéu trinh ty ving ITS tryc
tiép qua trinh duyét ma khéng doi hoi dau tu ha tang
hay cai dat phan mém. Bén canh d6, bé CSDL huan
luyén sé duwgc md réng va tich hgp thém cac locus phu
(nhu ving D1/D2 LSU hodac TEF1a). Pac biét, cong cu
s& dugc trang bi thém tinh ndng tly bién, cho phép
ngudi dung tw xay dung va tinh chinh CSDL huan luyén
ndi bo, gilp ngudi dung chl ddng cap nhat CSDL dé
bam sat dic diém dich t& tai dia phuong.

5. KET LUAN

Cong cu ma vach DNA vung ITS ty dong dat do
chinh xac 97,9%, do nhay 97,8%, d6 dac hiéu 98,1%
va thoi gian xr ly 0,93 gidy/trinh tu, cho thay kha
ndng van hanh nhanh va én dinh. Gia tri ndi bat cla
hé théng la sy két hop gilta tw ddng hda phan tich
trinh ty, co ché& bdo cdo phan cdp an toan tranh dinh
danh quéd murc va dau ra chuin héa hd trg tiém ning
tich hop LIS/HIS phuc vu quan ly khang ndm va kiém
soat nhiém khuan bénh vién.

L&i cam on

Nhém tac gia xin chan thanh cdm on ba Waewta
Kuwatjanakul va ba Lumyai Wonglakorn, Bon vij Vi
sinh 1am sang, Bénh vién Srinagarind, Khoa Y, Dai
hoc Khon Kaen, Thai Lan, da cung cap céc chung ndm
men cho nghién ctru nay.
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Tuyén bd vé xung dét lgi ich

Cac tac gid khang dinh khong cé xung dét lgi ich
lién quan dén nghién clru, tac gid va céng bd bai
bao nay.
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