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Danh gid giai trinh tw gen the hé méi trong xac dinh lao Khang thuoe
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Muc tiéu: Panh gia ky thuat giai trinh tw gen thé hé m&i (NGS) st dung bo kit Deeplex Myc-TB trong xac dinh lao khang
thudc va khao sat dong vi khudn lao tai Bénh vién Phéi Trung wong. D6i twong va phwong phap nghién ciru: Nghién ciru
thyc hién trén 79 ching vi khuin lao khang thuéc dwgc lwu tai kho chiing Khoa Vi sinh va Labo Lao chuin Qudc gia,
Bénh vién Phdi Trung wong bang ki thuat NGS st dung bé kit Deeplex Myc-TB trén nén tang Illumina. Két qua: Ky thuat
NGS c6 d6 twong dong cao so véi Ky thuit Khang sinh d6 ki€u hinh, dic biét d6i véi thudc isoniazid va streptomycin. Cac
thudc cé d6 twong dong thip hon lan lwet la ethambutol, rifampicin, pyrazinamide, amikacin, kanamycin. Két qua phin
tich dich té phan tir cho thdy, dong lineage 2 (Beijing) chiém wu thé (84,8%). Ty 1é nhiém hon hop 41,8% cha yéu & cip
lineage 2 va lineage 2.2.1, phan 4nh m&i quan hé loai gin va da dang tién héa ctia vi khuin. K&t luan: Ky thuét giai trinh
tw gen thé hé méi c6 dd dong thuan cao so véi ky thuat khang sinh do kiéu hinh 16ng MGIT. Két qua dich té phan tir cho
thiy, dong lineage 2 (Beijing) chiém wu thé, phit hep véi xu hwéng lwu hanh cta ching nay tai Viét Nam. Ngoai ra, ty 1é
nhiém hon hop 41,8% nhwng phan 1én 12 cip lineage 2 va lineage 2.2.1 ¢6 quan hé gan phan anh da dang tién héa vi mé
hon so vé&i viéc nhiém hai chiing doc lap.

Tir khéa: giai trinh tw gen thé hé méi, khang sinh d6 16ng MGIT, Mycobacterium tuberculosis khiang thudc.
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Abstract:

Objectives: To evaluate the performance of next-generation sequencing (NGS) using the Deeplex Myc-TB kit in detecting
drug-resistant tuberculosis and investigating Mycobacterium tuberculosis lineages at the National Lung Hospital.
Subjects and methods: This study included 79 M. tuberculosis strains retrieved from the strain bank of the Department of
Microbiology and the National Tuberculosis Reference Laboratory, National Lung Hospital, which were analysed by NGS
using the Deeplex Myc-TB kit on the Illumina platform. Results: NGS demonstrated high concordance with phenotypic
drug susceptibility testing (DST), particularly for isoniazid and streptomycin. Lower concordance levels were observed
for ethambutol, rifampicin, pyrazinamide, amikacin, and kanamycin. Molecular epidemiological analysis revealed that
lineage 2 (Beijing) was predominant (84.8%). Mixed infection accounted for 41.8% of isolates, primarily involving lineage
2andlineage 2.2.1, reflecting their close phylogeneticrelationship and the microevolutionary diversity of M. tuberculosis.
Conclusions: NGS showed a high level of agreement with the MGIT liquid phenotypic drug susceptibility testing method.
Molecular epidemiological characterisation confirmed the predominance of lineage 2 (Beijing), consistent with the
circulating pattern of this lineage in Vietnam. Additionally, the mixed-infection rate reached 41.8%, but most mixed
infections involved the closely related lineage 2 and lineage 2.2.1, suggesting microevolutionary diversification rather
than infection with two independent strains.
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1. Dat van de

Bénh lao néi chung va lao khang thudc néi riéng dang
la thach thirc 1ém doi vdi stee khde cong dong khong chi
tai Viét Nam ma con trén toan thé gi¢i. Cong tac kiém
soat bénh lao da dat dwoc nhitng thanh twu nhit dinh,
song bénh lao van 1a nguyén nhan gy t vong hang dau.
Theo béo cdo cta T6 chirc Y té€ Thé gi¢i nam 2025, trong
nam 2024, trén thé gidi ghi nhin khoang 10,7 triéu ca
maéc lao. Trong d6, s6 ca mac bénh lao khang da thudc
hoac khang rifampicin (MDR/RR-TB) khoang 390 nghin,
ty 1€ tir vong do bénh lao khoadng 1,2 triéu ca [1]. Tai Viét
Nam, trong ndm 2024, t6ng s6 ca mac lao khoang 184
nghin. Trong d6, s6 ca lao khang da thudc hodc khang
rifampicin wéc tinh khoang 9,4 nghin va ti vong do bénh
lao khoang hon 12,4 nghin ca [2]. Nghién ctru dich té hoc
bénh lao dong vai tro then chét trong viéc phat hién cac
“diém ndéng” lao, lao khang da thudc dé tir d6 thiét ké can
thiép trong viéc kiém soat va khéng ché bénh lao.

Véi sw phat trién vwot bic cia khoa hoc va ky thuit,
cébng nghé gidi trinh tw gen thé hé ma&i NGS 13 cong
nghé tién tién hién dai. B6 kit Deeplex Myc-TB cua
GenoScreen, Phap gidp phat hién vi khuén lao, vi khuin
lao khang thudc nhanh chéng cung dir liéu phéan tich cac
gen khang thuéc cling nhw phén loai dwgc cac dong vi
khuén lao chinh xac. Toan bd quy trinh giai trinh tw cho
két qua trong khoang 24-48 gi¢r [3], nhanh hon nhiéu
so vGi thoi gian tra két qua khang sinh d6 1ong dwong
tinh (khoang 14 ngay). Tuy nhién, k¥ thuat khang sinh
do 16ng van dwoc xem 1a “tiéu chuin vang” trong viéc
xac dinh tinh khang thuéc ctia vi khuin lao. Can ¢t vao
tinh c4p thiét va thoi sw, ching toi tién hanh thwc hién
nghién ciru: “Panh gia ki thuit giai trinh tw gen thé hé
méi trong xac dinh lao khang thudc va khao sat dong vi
khudn lao tai bénh vién Phéi Trung wong”.

2. Déi tuong va phuong phap nghién ciiu
2.1. béi twong

badi twgng nghién ctvu 1a cac chiing vi khuin lao khang
thudc dwoc Iwu gitr tai kho ching ciua Khoa Vi sinh va
Labo Lao chudn Quéc gia, Bénh vién Phéi Trung wong
nam 2024.

2.2. Phwong phdp nghién ctru

2.2.1. Thiét ké nghién ctru

Nghién ctru md ta cat ngang, c6 phan tich va st dung
dr liéu hoi ciru.

2.2.2. Phwong phdp chon mdu

Chon mAu theo phwong phap thuén tién cac chiing
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vi khuén lao khang thudc Iwu tai kho ching ctia Khoa Vi
sinh va Labo Lao chudn quéc gia, Bénh vién Phéi Trung
wong. Cac mau nay c6 day di ho so vé két qua khang sinh
do kiéu hinh. C& mau lwa chon dwoc 1a 79 mau.

2.2.3. Quy trinh nghién ctru

Cac miu chung vi khuln lao dwoc ciy truyén sang
moi trwong long MGIT. Hat 1 ml huyén dich dé thuc
hién ky thuat giai trinh tw gen dich (tNGS: targeted-Next
Generation Sequencing) cta vi khuin lao khang thudc
st dung bo kit Deeplex Myc-TB (GenoScreen, Phap). Cac
mau ching vi khuin lao dugc tach chiét DNA bang bd
kit QIAamp DNA Mini Kit (Qiagen, Pirc). Lwgng DNA
thu dwoc sau tach chiét dwoc khuéch dai str dung bo kit
PCR Deeplex Myc-TB (GenoScreen, Phap). Sdn phdm PCR
dwoc tinh sach s dung hat tr AMPure XP (Beckman
Coulter, Hoa Ky) va thuc hién cac bwéc chuin bi thw vién
str dung bo kit [llumina DNA Library Prep Kit (Illumina,
Hoa Ky). Tién hanh giai trinh ty trén hé théng Illumina
MiSeq. Sau qua trinh giai trinh tw, cac tép di liéu giai
trinh tw thd sé dwoc phan tich tin sinh hoc tw dong bang
phAn mém phan tich.

2.2.4. Thu thdp va phan tich sé liéu

Dit liéu tho sau giai trinh tw dwoc phan tich tw dong
bang phan mém. Dit liéu sau d6 dugc thu thap va lam
sach trén Excel va phan tich bang phin mém R.

2.3. Dia diém nghién ciru

Nghién ctru nay dwgc thwc hién tai Khoa Vi sinh va
Labo Lao chuin Qudc gia, Bénh vién Phéi Trung wong.

2.4. Pao dirc nghién ciru

Nghién cttru nay dwoc thuc hién véi mot muc dich duy
nh4t nham phuc vu va bdo vé sirc khoe cong dong. Cac
chiing nghién ctru va két qua xét nghiém da dwgc ma hoa
thong tin va khong thu thap bat ky théng tin nao khac
nhdm bdo mat trong qu4 trinh thu thap va phan tich sé
liéu.

£ 2 ~ ~ ~
3. Két qua va ban luan

3.1. So sanh mirc dé twong dong giira ky thudt gidi
trinh tw gen thé hé maoi va khdng sinh dé long MGIT

Do chinh x4c cua ky thuit gidi trinh tw gen thé hé
mé&i dwoc so sanh véi ki thuat khang sinh d6 kiéu hinh
mdi trweong MGIT (KSP 16ng MGIT) thong qua hé s6
Cohen'’s Kappa (k) v&i 12 loai thudc: Isoniazid (INH),
streptomycin  (SM), nhém fluoroquinolone (FLQ),
pyrazinamide (PZA), kanamycin (KAN), ethambutol
(EMB), rifampicin (RIF), amikacin (AMI), bedaquiline
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(BDQ), capreomycin (CAP), clofazimine (CFZ), linezolid
(LZD). Két qua dwoc thé hién trong bang 1.

Bang 1. Két qua so sanh ky thuat tNGS va khang sinh dé kiéu hinh
long MGIT.

Tén thuéc n’ Kappa (k) % dong thuin
INH 77 0,87 97,4
SM 78 0,85 96,2
FLQ 71 0,62 91,5
PZA 75 0,59 80,0
KAN 77 0,31 87,0
EMB 78 0,28 61,5
RIF 77 0,26 79,2
AMI 77 0,21 85,7
BDQ 75 0,00 98,7
CAP 78 0,00 98,7
CFZ 75 N/A 100
LZD 76 N/A 100

N/A: khéng xac dinh, n: ¢& mau, k: thuwdc do do tin cay trong nghién
ctu. *C& mau khong dat 79 & cac loai thubc do loai bd mot s két qua
khéng xac dinh hoac khéng phan loai dwoc.

Ky thuat gidi trinh tw gen thé hé ma&i st dung bé kit
Deeplex Myc-TB la mét ki thuat sinh hoc phan ti hién
dai cho phép phat hién vi khuin lao cling nhw tinh khang
thudc nhanh. Tuy nhién, theo TG chirc Y té Thé gidi, ky
thuat khang sinh do kiéu hinh 16ng MGIT van duoc coi 1a
“tiéu chudn vang” trong viéc xac dinh tinh khang thuéc
cta vi khuin lao. Chinh vi vy, viéc so sdnh ki thuat tNGS
va k§ thuit KSD 1éng MGIT dé xac dinh do chinh xac cua
Kk thult tNGS 1a can thiét. I. Bonnet va cs (2021) [4] tién
hanh nghién ciru danh gia vé b kit Deeplex Myc-TB déu
cho thdy mac do6 phu hop cao v&i khiang sinh do kiéu
hinh véi mirc d6 dong thuan tdng thé 1a 85,4% gitra hai
phwong phap. M6t nghién cru xac nhan
cia A. Jouet va cs (2021) [5] trén 429
chung phan lap cho thiy, Deeplex dw dodn
dwoc 92,2% kiéu hinh véi d6 nhay khodng
95,3% va dd dac hiéu trung binh la 97,4%.

Két qua bang 1 cho thdy, hai thudc c6
(k) cao nhét la isoniazid va streptomycin
(0,87 va 0,85) do co ché dé khang dic
treng vé mit di truyén (dot bién troi tai
katG S315T, inhA cho INH; rpsL K43R,
gidB, rrs cho SM) nén kha nang dy doan
kiéu hinh tir kiu gen cé d6 chinh xac rat
cao. Két qua nay twong tw véi nghién ciru
cua S. Feuerriegel va cs (2021) [6] v&i
mirc d0 déng thuin thudc INH 1a 94,9%.
Bén canh d6, két qua ciing cho thiy mot

38,0%
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s6 thudc nhw PZA, EMB, RIF, KAN, AMI cé (k) thip, tuy
nhién ty 1é phan tram dong thudn twong doi cao. Theo S.
Mok va cs (2021) [7], PZA chi c6 hoat tinh & pH acid nén
gay ra hién twong khang gia trén hé théng BACTEC MGIT
960 khién cho cac so sanh véi cac ki thuit vé gen c6 mikc
dd dong thuin thap. Piéu nay twong tw véi nghién ctiru
cta A. Jouet va cs [5] khi ghi nhin 81,2% cac bat dong
lién quan dén pyrazinamide, ethambutol, ethionamide.
Ngoai ra, két qua tai bang 1 ghi nhin cac thudc nhw BDQ,
CAP, CFZ, LZD 1a cac thudc c6 mirc do dong thuin bang
0 hodc khéng xac dinh. Tuy nhién, day la hién twong
nghich 1y cia hé s6 Kappa (Kappa-paradox) do quén thé
vi khudn lao nghién ctru hau hét déu nhay cam véi ca
hai phwong phap, cling véi dé 1a ty 1& dong thuin ngau
nhién cao dan dén viéc (k) bi gidm xuéng gan bang 0
hodc khong c6 gia tri thong ké [8]. D&i v&i cac truong
hop thudc RIE, AMI, KAN, bit déng cé thé xay ra do hién
twong vi khudn khéng dong nhit. Cac nghién ctru giai
trinh tw siu cho thiy, hién twong heteroresistance (sw
hién dién ctia bién thé thiéu s6 khang thudc) c6 thé ton
tai vé&i tan sudt dwdi 1% va khong phai lic nao cling dwgc
phat hién déng nhit gitra ki thudt giai trinh tw gen va ky
thuit khang sinh d6 kiéu hinh. Cac nghién ctru truéc day
st dung bd kit Deeplex da ghi nhan cac bat dong xuat
phét tir cAc bién thé c6 tAn sudt thip giy dé khang & mic
do nhe, vi du v&i dot bién katG S315G chi xuit hién véi
tan sut 5,5% [6, 9].

3.2. Két qua dich té hoc phan tir

Ky thudt giai trinh ty gen s dung bd kit Deeplex
cho phép phan tich dong thoi théng tin vé ching loai
vi khuin lao theo phwong phap spoligotype va single
nucleotide polymorphism (SNP). Pay la két qua khong
thé c6 khi 1am khang sinh d6 ki€u hinh. K&t qua dwgc
trinh bay trong hinh 1.

Phan bo chung lao theo dong (Lineage)

Téng s6 mau: n =79

@\\\l

Dong (Lineage)
. Lineage 2 (thuan) - 35 mau (44,3%)

[l Lineage 2+ 2.2.1 (hén hop) - 30 miu (38,0%)

. Khac dong 4.9 - 8 mau (10,1%)

. Lineage 2 (hén hop, chua xdc dinh bién thé) - 2 mau (2,5%)
Khéc dong 4 va dong 4.9 - 1 méu (1,3%)

. Lineage 2 + M. bovis (dong nhiém khéc loai) - 1 mau (1,3%)

. Lineage 4.6.2.2 - 1 méu (1,3%)

[l . bovis + Lineage 2.2.1 (dong nhiém khic loai) - 1 méu (1,3%)

Hinh 1. Ty I1& cac dong vi khuan lao.
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Két qua hinh 1 cho thiy, Lineage 2 (bao gbm ca dang
thuan va cad dang hon hop véi 2.2.1) chiém wu thé khoang
84,8% (35 mau thuan + 30 mAu hén hop 2.2.1 + 2 miu
hén hop khong xac dinh bién thé =67/79). Ty 1é lineage
2 (Beijing) chiém ty 1& 4p dio phu hop chit ché véi cac
nghién ctru dich t& phan tir vi khun lao tai Viét Nam.
Nghién ctru da trung tdm dau tién & cdp Qudc gia cua
V.A.T. Nguyen va cs (2016) [10] trén cic bénh vién tuyén
Trung wong clia ca ba mién déu ghi nhin Beijing 1a dong
phd bién nhit véi ty 18 55,4%, sau do6 1a EAI (27,5%),
dong thoi cho thiy xu hwéng dong Beijing dan thay thé
dong EAL Dic biét, tai mién Bic va mién Trung, sw 4p
dao cua ching Beijing kéo theo xu hwéng gia tang ty
1é lao khang thuéc trong twong lai [10]. Tai TP. H6 Chi
Minh, m¢t nghién cttu v&i quy moé 1én cta K.E. Holt va cs
(2018) [11] ghi nhén ty 1é lineage 2 1én dén 63,6%, phan
anh hién twong du nhap va lay truyén lién tuc ctia dong
Beijing gdy gdnh nang bénh lao ngay mot cao hon [12].
Mot khao sat & mién Bic Viét Nam do V.A.T. Nguyen va
cs (2012) [12] ghi nhén ty 1é 38,5% xuit hién & ca dong
Beijing va EAI, da cho thdy xu hwéng gia ting va phat
trién cia dong Beijing theo thoi gian.

Trong nghién ctu ndy (hinh 2), ty 1& nhiém hdén
hop (mixed infection) dat 41,8% cho thdy, di liéu nay
twong do6i cao so véi khoang tham chiéu thwong dwgc
bdo cdo tai cac vung c6 ganh nang bénh lao cao dao
dong trong khoang 10-20%. Mot nghién ctru st dung ky
thuat gidi trinh tw toan bo bo gen (WGS: Whole Genome
Sequencing) ghi nhan kha ning phat hién nhiém hén
hop phu thudc vao tan suit cia cac ching thiéu s6. Khi
tAn sudt cta ching thiéu s6 du cao, cac allele hon hop
sé dé dang dwoc nhan dién. Ngwoc lai, néu ching thiéu
s it phé bién, cac allele hon hop sé khé dé€ phat hién

Ty 1& mau nhiém hon hep
Tong s6 mau: n = 79

58,2%

Hinh 2. Ty 1&é mau nhiém hén hep.

‘ KHORHOC [P

. Khéng nhiém hén hop - 46 mau (58,2%)
. Co nhiém hon hop - 33 mau (41,8%)

vGi cac bién thé hiém khac [13]. Bén canh dd, khong
loai trir trweong hop xudt hién hién twong tién hoéa vi
mo cung vat chu hon 12 nhiém hai chiing doc 1ap thuc
sw. Trong s6 30/33 trudmg hop nhiém hén hop, sw hién
dién ctia dong lineage 2 va lineage 2.2.1. Lineage 2.2.1
la mot sublineage ctia chinh lineage 2, chir khong phai
hai dong khac biét nhau vé mat di truyén. Cac nghién
ctru cling da chi ra rang, phwong phap phan loai dua
trén SNP c6 nguy co nham lan giita trudrng hop nhiém
hén hop that sw (hai ching 1y nhiém doc 1ap) va sy da
dang tién hoa ctia dong c6 chung ngudn gdc, to tién trong
qua trinh nhiém trung kéo dai. Hon nita, bd kit Deeplex
Myc-TB dwgc thiét ké dé giai trinh tw cic viing gen muc
tiéu, khong phai toan bo bd gen nén kha ning nhan biét
va phén biét hai trwong hop nay chwa thuc sw tét [13].
Tuy nhién, néu xac nhan dwoc treong hop 1a nhiém hén
hop thuce su, ¢é y nghia rat 1én trong 1am sang, do day la
nguyén nhan din dén phan 16n cac that bai trong phac
d6 diéu tri. Dong thoi, c6 thé gy ra két qua khang sinh
d6 kiéu hinh khong nhat quén, 1am phirc tap phac d6 va
qua trinh diéu tri [9, 13].

Nghién ctru con mot s6 han ché nhu: Cadc mau nghién
ctru déu thye hién trén ching nudi ciy, khong thuc hién
trén mau dom. P8i véi mot sd thudc co hé s6 Kappa thap,
hau hét cac chiing déu cing khang hodc nhay cam, khéng
c6 nhém d6i chirng dan dén hé s Kappa bi giam. Nghién
clru nay chwa so sanh v&i cac ky thuat sinh hoc phan tir
khac nhw Xpert hay LPA.

4. Két luan

Ky thuat giai trinh tw gen thé hé mai st dung bo kit
Deeplex Myc-TB cho thdy d6 twong déng cao so véi ky
thuat khang sinh d6 ki€éu hinh 16ng
MGIT, dic biét d6i vdi thude INH va SM
(k=0,87 va 0,85). Trong khi d6, mic
dd twong dong thap hon Ian lwot & cac

thudc PZA, RIF, EMB, KAN, AMI.

Khao sat dic diém dich té phan tir
cho thiy, dong lineage 2 (Beijing) chiém
wu thé khoang 84,8% phan anh sy phu
hop véi xu hwéng lwu hanh ctia ching
nay ghi nhan tai Viét Nam. Ty 1é nhiém
hén hop twong ddi cao (41,8%) nhung
phan 1én 13 cdp lineage 2 va lineage
2.2.1 c6 quan hé gin, c6 thé phan anh
da dang hoa su tién héa vi mé hon 1a
nhiém hai chiing doc 1ap.
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