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Nghién ctru xay dung co’ s& di liéu xac dinh genotype HCV
va budc dau dinh lwong HCV bang ky thuat digital PCR
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TOM TAT
Dt van dé: Virus viém gan C (Hepatitis C virus, HCV) ¢é tinh da dang di truyén cao, gdy nhiéu thdch thuc
trong xdc dinh va dinh lwong gitfa cdc genotype/subtype. Muc tiéu: X4y dung bé dir liéu hé gen HCV nhdm
xdc dinh genotype/ subtype; ddng thoi budc dau phdt trién xét nghiém digital PCR (dPCR) nhém phdt
hién/dinh lwong HCV RNA. Béi tugng va phwong phdp: Trinh tw hé gen HCV dworc thu thdp va chon loc
nhdm xdy dwng bo di¥ liéu tham chiéu xdc dinh genotype/subtype. Phén tich in silico duwoc thuc hién d€ lva
chon b6 moi va mdu do phi hop cho phdn trng PCR. Trén co's& nay, xét nghiém dPCR dwoc thi nghiém trén
mé@u huyét thanh Idm sang va duoc déi chiéu vdi real-time PCR. Két qud: B6 dir liéu tham chiéu chudn dai
dién cho 86 subtype thudc 8 genotype HCV dd duwoc thu thép, hd tro phdn loai genotype/subtype dua trén
béng chirng tién héa. Xét nghiém dPCR dinh lwong thanh céng tdi lwong virus & cdc mau dwong tinh va
ddng thudn vdi real-time PCR. Két ludn: Nghién ctru cung cép di¥ liéu tham chiéu va quy trinh ky thudt ban
ddu cho cdc trng dung I6m sang trong tuong lai, déng thoi lam co sé cho cdc nghién ciru sGu vé genotype va

chdn dodn phén tir HCV bang dPCR.

Tirkhéa: Virus viém gan C, khdo sdt in silico, dinh lugng, digital PCR

1. DAT VAN DE

Virus viém gan C hién dang la mot thach thicy té
céng cdng toan cau, vai khoadng 50 triéu ngudi
nhiém man tinh [1, 2]. HCV 13 c3n nguyén quan
trong gy bénh gan tién trién, bao gobm xo gan va
ung thuv biéu md té bao gan, udc tinh khoang
242,000 truwong hop t&r vong trong nam 2022
(WHO, 2025). Pén nay, van chua cé vac-xin hiéu
quad dé phong ngtra HCV; do d6, cac chién lugc
phong ngira, chdn doan sém va gidm sat dich té -
phan t{ gilt vai tro then chét trong kiém soat bénh.
Cac thudc khang virus tdc dong truc tiép (DAAS) vai
hiéu qua rat cao (ty |& dat dap &ng virus bén virng
trén 95%), do do, viéc xac dinh nhiém HCV 13 hét
strc quan trong, nham diéu tri kip thoi va giam ganh
nang bénh tat[1, 2]. Viét Nam 1 quéc gia nay ndm
trong nhém 20 nudc cd ty 1é hién mac HCV cao nhat
thé gidi, vdi khodng 1 - 1.5 triéu ngudi nhiém man
tinh, twong (ng khoang 1% dan sé trudng thanh
[2]. Tuy nhién, phan b6 nhiém HCV rat khong déng
nhit gitta cac nhdm quin thé. O cong ddng chung,
cac nghién ctru gan day ghi nhan mdc nhiém tuong
déi thap (khodng 0.3%), trong khi mot s6 nhém
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nguy co cao c6 ty 1é nhiém ting manh, dic biét &
nguoi tiém chich ma tay, véi uwédc tinh dao dong tir
58% dén 74%, ciing nhv & nhitng ngudi tirng
truyén mau hodc dang chay than nhan tao [1, 2].
Trudc cac hau qua lau dai va nghiém trong cla
nhiém HCV man tinh, Viét Nam can cé cac k& hoach
tang cwdng gidm sat phan tlr va trién khai cac chién
lwoc canthiép céd muctiéu [3].

D{* liéu vé genotype HCV tai Viét Nam dac biét quan
trong, do ty Ié genotype luu hanh & nudc ta khac
biét so v&i xu hwdng toan ciu. Trong khi genotype 1
|3 kiéu gen phé bién nhat trén thé gidi [4], Viét Nam
la mét trong sd it qudc gia ma genotype 6 chiém wu
thé& [2]. Céac khao sat trén quan thé nhiém HCV tai
Viét Nam, cho thdy rang genotype 1 va 6 chiém
khodng 90 - 95% s6 trudng hop nhiém [5]. Pang
cha y, genotype 6, dac biét subtype 6a, luu hanh
phd bién va dugc ghi nhan chiém khodng mét nira
tong s& ca nhiém HCV [6]. Genotype 6 ciing |a kiéu
gen c6 mirc da dang di truyén cao nhat, bao gém
nhiéu subtype, tir dé lam gia tang thach thirc cho
chan doén va diéu tri (khé khan trong viéc phan biét
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cac bién thé thudc genotype 6 vdi genotype 1) [2].
Viéc xac dinh genotype khdng chi hd tro lya chon
chién lugc diéu tri pht hop, ma con phéat hién sy
xam nhap cla cic genotype mditrong quanthé [2].
Hién nay, phan I&n hoat déng giam sat va nghién
clru HCV tai Viét Nam van dua trén cac ky thuat PCR
truyén théng va real-time PCR dé phat hién/ dinh
lwvgng virus [7]. Tuy nhién, bén canh nhirng déng
gop quan trong cla cac phuong phap PCR hién
hanh, mét huwdng phét trién mdi trong chin doén
HCV 13 ing dung k§ thuat dPCR nham tiang do nhay
va nang cao do chinh xac trong dinh luvgng virus.
dPCR la cong nghé PCR thé hé th& ba, cho phép
dinh lwong tuyét déi acid nucleic théng qua viéc
phan chia mau thanh nhiéu vi phan doan, khuéch
dai & diém cudi va suy ludn néng dé theo mé hinh
th6ng ké Poisson [8]. Uu diém néi bat cta dPCR 13
khad nang phat hién tin hiéu & mirc rat thap, dac biét
hitu ich trong cac tinh hudng nhu giai doan nhiém
s&m khi tai lwgng virus con thap hodc khi can dénh
gid cac diém cudi diéu tri.

Nghién ctru nay duoc thuc hién véi hai ndi dung
chinh. Thir nhat, lwa chon va téng hop cac trinh tw
hé gen HCV nham xay dung co s& dit lieu tham
chiéu hé trg viéc xac dinh genotype va subtype
HCV. Thi hai, ching tdi tién hanh th& nghiém ky
thuat dPCR phat hién/ dinh lvgng HCV, qua dé dat
nén tang thuc nghiém cho viéc rng dung céng nghé
nay trong nghién ctru va chan doan HCV. Quy trinh
bao gdbm lwa chon bd mdi va mau do bang cac phan
tich in silico, sau d6 1a th&* nghiém nham ching
minh kha nang phat hién va dinh lwvgng HCV bing
ky thuat dPCR.

2. DOI TUQNG VA PHU'ONG PHAP NGHIEN CU'U
2.1.Thuthap trinhty

Cac trinh ty nucleotide HCV dai dién duorc thu thap
tlr cdc co' s& dit liéu cong khai (GenBank va cac co s&
dit liéu chuyén biét vé HCV) dya trén théng tin chd
giai genotype va subtype. Trinh ty duoc lya chon
theo cdc tiéu chi nhu sau: (i) genotype va subtype
duoc bdo cdo ré rang; (i) hé gen virus hoan chinh (>
9 kb); va (iii) cdc thdng tin vé hé gen ddng thuan gilra
ban ghi trong co s& dit liéu va bai bdo lién quan. Cac
trinh ty bi loai néu cé bang chirng tai t6 hop, chira ty
|& nucleotide khéng xac dinh cao (N > 5% téng chiéu
dai), c6 dir liéu vé hé gen khong day dd, khéng nhat
quan, hodc thiéu co s& thyc nghiém.

2.2. Phantich phat sinh loai
Tat ca cdc trinh tu sau khi sang loc theo tiéu chi
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duwoc tai vé & dinh dang FASTA va can chinh bang
céng cu MAFFT vdi thiét 1ap méc dinh cho hé gen
virus. BO di¥ liéu d3 cdn chinh sau d6 duoc kiém tra
va hiéu chinh thi cdng nham loai bd céc sai léch
trong can chinh, cdc doan chén/xda 1én (indel) va
cac vung can chinh kém tin cdy. Cay phat sinh loai
duoc xay dung theo phuong phdp maximum
likelihood (ML). Mé hinh tién héa téi vu duoc lya
chon bang phan mém ModelFinder. Phan tich ML
duwoc thye hién bang phan mém 1Q-TREE véi 1,000
lan 13p bootstrap dé danh gia dé tin cay cla cac nut
phan nhanh. Cay phat sinh loai dwgc trec quan hda
bang phan mémiTOLv7.

2.3. Khao sat in silico bd moi va mau do nham phat
hién/ dinh lwgng HCV

Céc thong s6 clia mdi va mau do, bao gdm nhiét do
néng chay (T,), ham lwgng GC va kha nang hinh
thanh cau tric th& cdp (hairpin, self-dimer va
hetero-dimer), dugc danh gid bang cong cu IDT
OligoAnalyzer (https://sg.idtdna.com/pages/
tools/oligoanalyzer). P& khao sat do ddc hiéu va
murc d6 bao phl cac genotype, cac trinh tu hé gen
HCV dai dién cho cac genotype dwgc thu thap tur co
s& dit liéu GenBank va cdn chinh bing phan mém
MAFFT v7. Vi tri bat c3p ca moi va mau do duoc
cin chinh cling véi cac trinh tw genotype HCV nham
danh gid mirc d6 tuwong déng va xac dinh cac sai
khac nucleotide. D6 dac hiéu tiép tuc duockhdo sat
bang céng cu NCBI Primer-BLAST ddi chiéu vdi co
s& dir liéu nucleotide non-redundant (nr) (loai trir
cac trinh ty HCV) nham danh gid nguy co khuéch
dai ngoai muctiéu, bao gdbm hé gen nguwdiva cac hé
gene virus khac.

2.4. Y dirc, thu thap miu, tach chiét acid nucleic
tong vatdng hop cDNA

Nghién clru dwoc Trudng Pai hoc Quéc té Hong
Bang phé duyét vé mit dao dirc dua trén két luan
cla Hoi déng Pao dirc trong nghién ciru Y sinh, theo
Quyét dinh s6 46/PCT-HPDD-DT. Mau mau toan
phan duoc thu tir cac doi twong dén st dung dich
vu chan doén tai Trung tdm Sinh hoc Phan tlr, Bénh
vién Dai hoc Y Dugc Thanh phd H6 Chi Minh - Co' s&
2, trong giai doan thang 4 dén thiang 8 nam 2023.
Cac mau duoc phan thanh hai nhém: HCV-duong
tinh va HCV-am tinh, dua trén két qua xét nghiém
real-time PCR tai Trung tdm Sinh hoc Phéan ti, Bénh
vién Dai hoc Y Dugc Thanh phd H6 Chi Minh - Co' s&
2. Mau huyét thanh duwoc tach tir mau mau toan
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phan, sau d6, duwoc tach chiét acid nucleic tdng
bang bod sinh pham AccuRive Viral SDNA/RNA Prep
Kit (EX-DNAQ2.1F, Khoa Thuong BioTech Company,
Viét Nam), theo huwdng dan cla nha san xuat. San
pham tach chiét dwoc bao quan & -80°C kém chat
(rc ch& RNase dé duy tri tinh toan ven RNA cho dén
khi sir dung. Khodng 1 pg acid nucleic téng (bao
gdm DNA/RNA) dwoc si dung 1am khudn mau cho
phan &ng RT-PCR bang bd sinh pham SensiFAST
cDNA Synthesis Kit (#BI0-65054, Bioline). M3u
cDNA dugc bao quan & -20°C dé phuc vu céc thi
nghiém tiép theo.

2.5. Thir nghiém ky thuat dPCR nham phat hién/
dinh lwgng HCV trén mau huyét thanh Iam sang

Ky thuat dPCR dwoc thir nghiém véi bd moi va mau
do (dwoc khao sat trong nghién ctru) trén 10 mau
huyét thanh 1dm sang nham dinh lwong tai lvong
HCV. Phan (rng dPCR duoc thuc hién bang bo sinh
pham Absolute Q DNA Digital PCR Master Mix
(#A52490, Thermo Fisher Scientific) trén may
QuantStudio Absolute Q Digital PCR System
(Thermo Fisher Scientific, Hoa Ky). Thanh phan
phan &ng dPCR bao gobm: Master mix 1x, moi xuoi
500 nM, mdi ngugc 500 nM, mau dod 150 nM va 100
ng mau cDNA. Chuong trinh nhiét duoc thiét 1ap
nhu sau: 95°C trong 10 phut, sau d6 40 chu ky gébm
96°Ctrong 5 giay, 60°Ctrong 5 giday va 72°C trong 20
giay. Mau chirng am (khdng chira DNA/cDNA) dwoc
dwa vao mai [an chay dé ki€ém soat nguy co nhiém.
K&t qua dinh lvgng dwoc phan tich bang phan mém
QuantStudio Absolute Q Analysis Software
(Thermo Fisher Scientific, Hoa Ky), v&i khoang tin
cdy 95% dua trén mé hinh phan phaéi Poisson.

3.KETQUA

3.1. B dir liéu tham chiéu phan loai genotype va
subtype HCV

B6 dit liéu tham chiéu duoc lwa chon, téng hop va
nham bao dadm bao phu t8i da cic genotype va
subtype cha HCV. B6 di liéu bao gdbm céc trinh ty
thubc genotype 1 - 8 va 86 subtype da dugc cong
bd (Hinh 1, Bang 1). B8i v&i mdi subtype, t6i da ba
trinh tyw dwoc lwa chon, wu tién cac trinh tw hé gen
hoan chinh (kich thudc hé gen Idn hon 9 kb).
Genotype 1 duoc dai dién bdi cac subtype 1a-10;
genotype 2 bao gébm cdc subtype 2a-2u; va
genotype 3 bao gébm cac subtype 3a-3k. Mrc do
bao phd twong ty cling dat duoc déi véi genotype
4 (4a-4w), genotype 5 (5a) va genotype 6 cd tinh da
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dang cao (6a-6xf). Ngoai ra, cac genotype dwoc mo
td gan day nhu genotype 7 (7a, 7b) va genotype 8
(8a) clingduocduwavao b dit liéu.
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Hinh 1. Cay phat sinh loai cla cac genotype va
subtype HCV duya trén hé gen hoan chinh
(>9.0 kb). B6 dit liéu bao gbm cac trinh tu

dai dién cia tdm genotype HCV (1 - 8), véi céc

subtype duorc ky hiéu theo chit cdi (a, b, ¢, ...).

Trén cay phat sinh loai, tirng nhanh mang cac

mau sac khac nhau twong rng véi tirng genotype,
bao gbm: 1 (xanh dam), 2 (xanh nhat), 3 (d6),

4 (cam), 5 (den), 6 (h6ng), 7 (xanh 13) va 8 (tim)

Cay phat sinh loai cho thdy céc trinh ty hé gen HCV
duoc phan loai rd rang thanh tdm nhédm genotype
riéng biét (1 - 8). C4u trdc phan nhanh thu duoc
phu hgp véi khung phan loai genotype da duoc
thiét 1ap trong cac nghién ciru trudc day. Moi
genotype hinh thanh moét nhém don nganh
(monophyletic), phdn anh ring céc subtype trong
cung genotype cé chung ngudn géc va tach biét vai
cac genotype khac, qua d6 cho thay qua trinh tién
héa clla HCV d3 din dén sy hinh thanh céac
genotype va subtype khdc nhau. Dang chu v,
genotype 1, 2 va 6 thé hién mdrc da dang subtype
cao, phu hop véi cac bdo cdo trwdc day vé tinh da
dang cua cac genotype nay. Nguoc lai, cac
genotype 5, 7 va 8 tao thanh cac cum nhanh twong
ddi nhd, phan édnh s6 luvgng subtype han ché va cé
thé lién quan dén qua trinh tién hda xay ra muén
hon. Nhin chung, bd dit liéu d3 bao quat phan I6n
cac genotype va subtype HCV; déng thai, phan tich
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phat sinh loai d3 xac nhan tinh nhat quan vé mat
ti€n hda cla cac genotype va subtype, qua d6 hd

tro viéc st dung bd dir liéu nay trong cac nghién
clruxdcdinh genotype va subtype HCV.

Bang 1. BO di¥ liéu hé gen phan loai genotype (1 - 8) va subtype HCV

M3 sdé Phan loai M3 sdé Phan loai M3 sé |Phan loai Ma sé |Phan loai
M62321 1a KC844042 2f Fl462438 4k EF424625 6p
M67463 1a DQ155561 2i FJ839870 4 EU408328 6r

AF009606 1a JF735113 2j Fl462433 4dm EU408329 6s
D90208 1b AB031663 2k Fl462441 4n EU246939 6t
M58335 1b KC197235 2l Fl462440 40 EF632071 6t

AJ238799 1b KC197240 21 Fl462431 4p EU246940 6u

AY051292 1c JX227967 2m Fl462434 4q EU158186 6v
D14853 1c JF735111 2m Fl462439 ar EU798760 6v

KJ439768 1d FN666429 2q JF735136 4s EU643834 6w

KC248194 le FN666428.2 2q FJ839869 4t DQ278892 6w

KJ439769 le JF735115 2r HQ537009 4v EU408332 bxa

KJ439770 1g KC197238 2t JX227959 4v EU408330 6xa

AM910652.2 1g JF735112 2u FJ025855 4w KJ567645 6xb

KC248199 1h D28917 3a FJ025856 4w JX183552 6xb

KC248198 1h D17763 3a Y13184 5a KJ567651 bxc

KJ439772 1i D49374 3b AF064490 5a KM252789 6xd

KJ439773 1j KJ470619 3d Y12083 6a KM252790 6xd

KJ439774 1k KJ470618 3e AY859526 6a KM252792 bxe

KC248193 1l JX227954 3g D84262.2 6b JX183557 6xe

KC248197 1l JF735123 3g EF424629 6c¢ KJ567647 6xf

KJ439778 Im JF735121 3h D84263.2 6d KJ567646 oxf

KJ439782 Im JX227955 3i DQ314805 6e MH492360 6xg

KJ439775 1n FJ407092 3i DQ835760 6f MH492361 6xg

KJ439781 1n D63821 3k D63822 6g MG879000| 6xh

KJ439779 1o JF735122 3k D84265.2 6h MZ504973 6xi
D009%44 2a Y11604 4a DQ835770 6i JX183549 6xi

AB047639 2a Fl462435 4b DQ835769 6j MZ171127 6X]j

AY746460 2a Fl462436 4c D84264.2 6k DQ278891 6Xj
D10988 2b DQ418786 4d EF424628 6l EF108306 7a

AB030907 2b Fl462437 ad DQ835767 6m KX092342 7b
D50409 2C EU392175 af DQ278894 6n MH590699 8a

JF735114 2d EF589161 af DQ835768 6n MH590698 8a

JF735120 2e Fl462432 4g EF424627 60 MH590701 8a

KC844050 2f EU392173 4k EF424626 6p MH590700 8a

3.2.B6 mo6ivamau do phathién/ dinh lwgng HCV
Trinh tw mdi va mau do duoc lya chon tir nghién
clru cla Yang va cong su (2015) [9]. Trong nghién
clru nay, viéc danh gia bd moi va mau do dugc
thuc hién bang cac phan tich in silico. Bo
oligonucleotide dugc s&r dung gom méi xudi
HCV-F (AGCGTCTAGCCATGGCGTT), mdi nguoc
HCV-R (GCAAGCACCCTATCAGGCAGT) va mau do
Probe-HCV (HEX-TCTGCGGAACCGGTGAGT-MGB),
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duoc thiét k&€ nham khuéch dai mdt vung trinh tw
bdo ton trén vung 5'UTR cla hé gen HCV. Vlung
5'UTR la mét trong nhitng thanh phan bao tén nhat
cla hé gen HCV va thuwong dwoc st dung lam trinh
tu dich trong chan doan phan t&r [9]. Viéc thiét ké
moi va mau do tai vung trinh ty nay cho phép
khuéch dai hiéu qud tat cd genotype va subtype
khac nhau vdi sai khc trinh ty téi thiéu, qua d6 gép
phan nang cao dé nhay cha xét nghiém (Hinh 2).
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core E1 E2

p7 NS2 NS3

NS4A N54B NSSA NS5B

/ HCV-F

AGCGTCTAGCCATGGCGTTAGTATGAGTGTCGTACAGCCTCCAGGCCCCCCCCTC
CCGGGAGAGCCATAGTGGTCTGCGGAACCGGTGAGTACACCGGAATTGCCGGARA

GACTGGGTCCTTTCTTGGATAAACCCACTCTATGTCCGGTCATTTGGGCGTGCCC
CCGCAAGACTGCTAGCCGAGTAGCGTTGGGTTGCGAAAGGCCTTGTGGTACTGCC

TGATAGGGTGCTTGC
HCV-R

Hinh 2. So' d6 cau tric hé gen HCV va vi tri bat cip clia mdi va mau do. So' dd hé gen HCV véi cac viung ma
hda duoc chu thich, bao gdm Core, E1, E2, p7, NS2, NS3, NS4A, NS4B, NS5A va NS5B. Phan phong dai vung 5'-
UTR minh hoa vj tri bt cip clia bd mdi va mau do; vi tri cla mdi xudi, mdi nguoc va mau do duogc gach chan

M®&i xudi HCV-F dai 19 nucleotide, c6 nhiét d6 néng
chady (T.) 66.2°C va ham luvgng GC 57.9%. Mb6i
nguwgc HCV-R dai 21 nucleotide, v&i T, = 66.5°C va
ham lugng GC 61.9%. Mau do Probe-HCV dai 18
nucleotide va T, 61.1°C. Kich thuwéc san pham
khuéch dai du kién ctia cdp mdi |a 235 bp. B6 moi
duoc thiét ké vai ba nucleotide cudi chra cac

nucleotide G/C (GTT, m&i xudi) va (AGT, moi
nguoc), gép phan 6n dinh lién két bat cdp nho
tuong tac hydro manh hon. Nhin chung, cac thong
s vat ly clia bd mdi va mau do, bao gobm chiéu dai,
T., ham lwvgng GC va thanh phan trinh ty & dau 3/,
déu nam trong khodng khuyén nghi cho hiéu ning
tdi wu cha phan irng PCR (Bang 2).

Bang 2. Trinh ty mdi va mau do duoc sir dung trong nghién ctru

Tk 5°3) N | e | b
HCV-F AGCGTCTAGCCATGGCGTT 19 66.2 235
HCV-R GCAAGCACCCTATCAGGCAGT 21 66.5

Probe-HCV HEX-TCTGCGGAACCGGTGAGT-MGB 18 61.1 -

Chu thich: HEX - reporter; MGB - quencher

B6 moi va mau do dugc danh gia khd ning hinh
thanh cdu truc th& cip théng qua gid tri ndng
lwong tw do (AG) t6i thiéu bang coéng cu
OligoAnalyzer, bao gbm cau truc kep téc (hairpin),
ty tao dimer (self-dimer) va ty dimer di hop
(hetero-dimer) (Bang 3). Két qua du dodn cho thay
gia tri AG hinh thanh ciu truc kep téc cia moi va
mau do dao déng tir -0.78 dén -1.51 kcal/mol,
phan dnh xu huwdng gap cudn ndi phan tlrthap. Kha
nang hinh thanh ciu tric self-dimer cling han ché,

v3i AG trong khodng -4.16 dén -6.68 kcal/mol, cho
thay nguy co twong tac khdng dic hiéu gitra moi-
moi hodc mau do - mau do & mirc thap. Bén canh
do, gid tri AG hinh thanh ciu triuc hetero-dimer
gitra mdi xudi va modi ngwoc 13 -6.21 kcal/mol, ndm
trong ngudng chdp nhan. Nhin chung, cédc phan
tich in silico cho thay boé moi va mau do duoc lua
chon cé dac tinh nhiét dong hoc thuan lgi, it bi anh
huwdng bdiciu tricthl cap, phu hop cho (rng dung
trong phan trng PCR/dPCR.

Bang 3. Nang lvong tu do (AG) clia cau truc hairpin, self-dimer va hetero-dimer ctia cla mdi va mau do dy

doan bang cdng cu OligoAnalyzer

. . x s Hairpin Self-dimer Hetero-dimer
Tén m6i va mau do AG (kcal.mole?) AG (kcal.mole™) AG (kcal.mole™)
HCV-F -1.3 -4.16
-6.21
HCV-R -0.78 -4.67
Probe-HCV -1.51 -6.68

Dwa trén két qua can chinh trinh ty, moi xudi va
moi nguoc déu dat mirc twong dong 100% vai tat
ca cac hé gen HCV duogc lwa chon. San pham
khuéch dai dy ki€n c6 kich thudc 235 bp, tir vj tri
nucleotide 35 dén 269 trén trinh ty hé gen HCV.

Hong Bang International University Journal of Science

Pong thoi, trinh tw mau do cling cho thady murc
tuong déng 100% trén toan bd cac hé gen HCV. Cac
k&t qua nay khang dinh tinh déc hiéu ca bd moiva
mau do bang cac xét nghiém duwa trén phuong
phap PCR. Bén canh dd, cong cu NCBI Primer-
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BLAST duwoc si dung nham danh gia kha nang bat
cdp/khuéch dai ngoai muc tiéu, déi vdi hé gen
ngudi (taxid: 9606), HBV (taxid: 10404), HDV

(taxid: 39759) va HIV (taxid: 11676). K&t qua cho
thay b6 mdi va mau do khong bat cdp vdi bat ky
trinhtwnaotrongcaccosd dirliéunéutrén.

[ R

AGCGTCTAGCCATGGCGTT. AGACGCCTTGGCCACTCA TGACGGACTATGGGAGCAAGC

HPCJKMEE2 AGCGUCUAGCCAUGGCGUUAGUAUGAG----UAGUGGUCUGCGGAACCGOGUGAGUACACCG--~-~-~ CUUGUGGUACUGCCUGAUAGGGUGCUUGC

MH492360 AGCGUCUAGCCAUGGCGUUAGUAU ----UAGUGGUCUGCGGAACCGGUGAGUACACCG----- CUUGUGGUACUGCCUGAUA UGCUUGC

MH492361 AGCGUCUAGCCAUGGC UGGUCUGCGGAACCGGUGAGUACACCG-~-~-~~ CUUGUGGUACUGCCUGAUA UGCUUGC

DQ27E8%4  AGCGUCUAGCCAUGGC UGGUCUGCGGAACCGGUGAGUACACCG----~ CUUGUGGUACUGCCUGAUA UGCUUGC

DQ835768 AGCGUCUAGCCAUGGC UGGUCUGCGGAACCGGUGAGUACACCG-~-~-~-~ CUUGUGGUACUGCCUGAUA UGCUUGC

KM252792 AGCGUCUAGCCAUGGC UGGUCUGCGGAACCGGUGAGUACACCG--~-~~ CUUGUGGUACUGCCUGAUA UGCUUGC

JX183557 AGCGUCUAGCCAU C u UCUGC AACC UGAGUACACCG--~--~- CUUGUGGUACUGCCUGAUA UGCUUGC

DQa3sTaT AGCGUCUAGCCAU C u UCUGC AACC UGAGUACACCG=-=--~-~- CUUGUGGUACUGCCUGAUA UGCUUGC

MZ504973 AGCGUCUAGCCAU C u UcuGc AACC UGAGUACACCG----- CUUGUGGUACUGCCUGAUA UGCUUGC

J¥183549 AGCGUCUAGCCAUGGC UGGUCUGCGGAACCGGUGAGUACACCG-~-~-~-~ CUUGUGGUACUGCCUGAUA UGCUUGC

DB4264 AGCGUCUAGCCAUGGC 1] CGGAACCGGUGAGUACACCG----~ CUUGUGGUACUGCCUGAUA UGCUUGC

K|S67545 AGCGUCUAGCCAUGGC u CGGAACCGGUGAGUACACCG-~-~-~~ CUUGUGGUACUGCCUGAUA UGCUUGC

JX183552 AGCGUCUAGCCAUGGEC u CGGAACCGGUGAGUACACCG----~ CUUGUGGUACUGCCUGAUA UGCUUGC

MZ171127 AGCGUCUAGCCAUGGC u C AGUACACCG----- CUUGUGGUACUGCCUGAUA UGCUUGC

DQ27EAN AGCGUCUAGCCAUGGC u C UGAGUACACCG----~ CUUGUGGUACUGCCUGAUA UGCUUGC

EF424628 AGCGUCUAGCCAU C u C AGUACACCG----- CUUGUGGUACUGCCUGAUA UGCUUGC

DQ&35770 AGCGUCUAGCCAUL C u [ AGUACACCG-=---~ CUUGUGGUACUGCCUGAUA UGCUUGC

DQB35769 AGCGUCUAGCCAUGGC CUUGUGGUACUGCCUGAUAGGGUGCUUGC

DE4265 AGCGUCUAGCCAUGGC UUGUGGUACUGCCUGAUAGGGUGCUUGC

EU158185 AGCGUCUAGCCAUGGC C G UUGUGGUACUGCCUGAUAGGGUGCUUGC

EUTSE760 AGCGUCUAGCCAUGGC u CUGC UGA G UUGUGGUACUGCCUGAUAGGGUGCUUGC

EU408332 AGCGUCUAGCCAUGGC G- UUGUGGUACUGCCUGAUAGGGUGCUUGC

EU408330 AGCGUCUAGCCAUGGC UGGUCUGCGGAACCGGUGAGUACACCG UUGUGGUACUGCCUGAUAGGGUGCUUGC

EU245939 AGCGUCUAGCCAUGGC UGGUCUGCGGAACCGGUGAGUACACCG UUGUGGUACUGCCUGAUAGGGUGCUUGE

EF632071 AGCGUCUAGCCAUGG = GUGGUCUGCGGAACCGGUGAGUACACCG UUGUGGUACUGCCUGAUAGGGUGCUUGE

EF424627 AGCGUCUAGCCAUGGCGUUAGUAUGAG=----UAGUGGUCUGCGGAACCGGUGAGUACACCG UUGUGGUACUGCCUGAUAGGGUGCUUGEC

EF424626 AGCGUCUAGCCAUGGCGUUAGUAUGAG----UAGUGGUCUGCGGAACCGGUGAGUUCACCG CUUGUGGUACUGCCUGAUAGGGUGCUUGC

EF424625 AGCGUCUAGCCAUGGCGUUAGUAUGAG----UAGUGGUCUGCGGAACCGGUGAGUACACCG-~-~-~-~ CUUGUGGUACUGCCUGAUAGGGUGCUUGC

EU245940 AGCGUCUAGCCAUGGCGUUAGUAUGGG- - --UAGUGGUCUGCGGAACCGGUGAGUACACCG-~-~--~ CUUGUGGUACUGCCUGAUAGGGUGCUUGC

oY . s ] 1] 2 ‘e N X \ ~ Ry ! 2 ~ N 5 v 2 M. A
Hinh 3. Vi tri bat cap cia mo6i va mau do trén vung 5’'UTR & hé gen HCV. Vung bat cap cia moi xudi HCV-F
b e ’ N N 7 by . Ve g v 2 x N
va moi nguoc HCV-R duwoc ky hiéu bang cac thanh mau xanh; vi tri bat cap cia mau do Probe-HCV duorc
’ oA N \ 7 ~ A 2 e 2 P . 2 ~ 7. 2 \
ky hiéu bang thanh mau xam. Ma truy cap cua cac chung HCV dugec hién thi & bén trai cda trinh ty

3.3. Bwdc dau thir nghiém ky thuat dPCR nham
phat hién/ dinh lwgng HCV

Ky thuat dPCR duogc thlr nghiém trén 10 mau
huyét thanh 1am sang, bao gdm 5 mau duong tinh
vdi HCV va 5 mau am tinh, dwoc chan doan bang
ky thuat real-time PCR. K&t qua dinh lugng tai
lwgng HCV cla tirng mau dugc trinh bay trong
Bang 4. Ky thuat dPCR cho thay s déng thudn véi
ky thuat real-time PCR, dat mirc 100% trong phan
loai dwong/am tinh. O cac miu duong tinh, tai
lwgng HCV dao dong trong khoang tir 6.54 x 10°

w
=]
=]
=]

dén 5.29 x 10° ban sao/mL huyét thanh. Trén cac
bi€u d6 két qua, ghi nhan sy phan tach tét gitra hai
quan thé duong tinh va am tinh (Hinh 4). Tuy
nhién, mét sé vi phan &rng xuat hién tin hiéu huynh
quang trung gian (“rain”), cac vi phan &ng cé tin
hiéu huynh quang khéng ré rang nam giita cum
duongtinh va cum am tinh. Quan sat nay cho thay
can tiép tuc tdi wu cac diéu kién phan &ng dPCR
nham caithién dd phan tach tin hiéu vatang do tin
cay cta dinh luvgng, ddc biét trong cdc mau cé tai
lwgngvirusthap.

E g 3000
g 8
2 2000 2 2000
o [
=] 4 . ]
= 1000 TTEATEE SR R HE & 4 & 1000
5] . : 0
| ———— g

10k
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=]

Sk 10k 15k 20k
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Hinh 4. Biéu d6 két qua thir nghiém phat hién/ dinh lvgng HCV (mAau Trial-HCV-12 va Trial-HCV-13)
bang k{ thuat dPCR. Mdi diém trén biéu d6 biéu thi cho tirng vi phan &ng. Pudng nén chia cac vi phan
¢ng thanh hai nhém: Duong tinh (diém nam trén duong nén, khuéch dai muc tiéu HCV) va 4m tinh
(diém nam dwdi dudng nén, khéng khuéch dai)

Bang 4. K&t qua dinh lwong tai lwvgng HCV bang phuong phap dPCR trén mau [am sang

STT Mau Real-time PCR dPCR (ban sao/ mL)

1 Trial-HCV-08 Duwong tinh 8.03x10°
2 Trial-HCV-10 Duong tinh 5.29 x 10°
3 Trial-HCV-11 Duong tinh 6.54 x 10°
4 Trial-HCV-12 Duong tinh 2.08 x 10°
5 Trial-HCV-13 Duwong tinh 2.16 x 10°
6 Control-01 Am tinh Am tinh

7 Control-02 Am tinh Am tinh
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STT M3u Real-time PCR dPCR (ban sao/ mL)
8 Control-03 Am tinh Am tinh
9 Control-04 Am tinh Am tinh
10 Control-05 Am tinh Am tinh
4.BAN LUAN thudc vao cac cong cu phan loai tric tuyén.

Trong nghién ctru nay, chung t6i trinh bay hai ndi
dung chinh: (1) xay dung bé dit liéu tham chiéu
phuc vu xac dinh genotype va subtype HCV m6ét
cach tin cay; (2) thlr nghiém bo mdi va mau do
nham ddt nén tang xay dwng quy trinh phét hién/
dinh lvgng HCV bang ky thuat dPCR. Nghién ctru
chi dirng & murc thiét 1ap cac nén tang ban dau va
danh gid so bd, chua trién khai cac phan tich
chuyén sau hoac ing dung trén quy mo lam sang;
day la han ché cla nghién ctru. Cung vdi d6, mot
han ché clia nghién ctru |a ¢c& mau toi thiéu (n = 10),
do dé két qua chua cé gid tri dai dién cho quan thé.
Tuy nhién, nghién clru duoc thuc hién theo huéng
th&r nghiém budc dau nhdm danh gid kha ning
hoat ddng clia bd mdi va mau do trong quy trinh
dPCR, nén khdng dat muc tiéu suy rong dich té hay
khai quat hoa. Tuy vay, cac phan tich va thir nghiém
budc dau nay cd y nghia thuc tién, tao co s& cho
nhém nghién clru phét trién cdc hudng nghién clru
ti€p theo & mirc dd chuyén sau hon vé dich té hoc
phan t&r va chan dodn HCV. Trong thoi gian tdi,
chung tdi dy kién: (1) &ng dung ky thuat gidi trinh
tu thé hé madi (next-generation sequencing, NGS)
dé danh gid da dang di truyén cla cac genotype va
subtype HCV dang Iwvu hanh tai Viét Nam; (2) trién
khai nghién clru song song tap trung vao phat hién
va dinh lvgng HCV bang ky thuat dPCR. Nhin
chung, nghién ctru nay cung cip ngudén di liéu va
cdc vat liéu ban dau quan trong, lam tién dé cho
cadcnghién clru sdu hon vé hé gen HCV va phat trién
cacxét nghiém chan doan lién quan.

B6 dit liéu phan tl&r dwoc tdng hop trong nghién clru
nay mang lai gia tri quan trong trong viéc xac dinh
genotype va subtype cia HCV [10]. Bang cach sang
loc, loai bd céc trinh ty bi gdn nhan sai, chat lvgng
thap va/hodc cé dau hiéu tai t6 hop, ching téi xay
dwng mét bo dit liéu tham chiéu chuln véi céc tiéu
chi dwoc xac dinh rd rang. Khac véi nhiéu cong cu
phan loai genotype truc tuyén, thuwong it cong bé
chi tiét vé bd trinh tu tham chiéu dugc sir dung, bd
di¥ liéu trong nghién clru nay cung cap genotype va
subtype kém theo bang chirng phat sinh loai. Do
dé, ngudn dit liéu nay gép phan chuan héa phan
loai HCV, d&c biét d6i véi cac subtype hiém hoac
con it dwgc nghién ctru tai Viét Nam, thay vi phu
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Viéc &ng dung k§ thuat dPCR dé dinh lwong HCV
mang lai cdc y nghia quan trong vé phwong phap va
|&m sang. dPCR cho phép dinh luvgng tuyét déi ma
khéng can duwong chudn, dong thoi cai thién dé
chinh xdc & mdrc tdi lwgng virus thap so véi real-
time PCR truyén théng [11]. Diéu nay dic biét phu
hop trong theo ddi bénh nhan diéu tri bang thudc
khang virus tac déng truc tiép (DAASs), khi viéc phat
hién ton du virus tdi thiéu mot cach chinh xac va
kha nang |3p lai cao, diéu nay dong vai tro then chét
trong danh gia dap (rng diéu tri va nguy co téi phat
[11]. Bén canh d6, dd nhay cao cla ky thuat dPCR
giup cai thién kha nang phat hién HCV trong cac
tinh hudng thach thirc nhw nhiém &n, giai doan
nhiém cap sém, hodc & ngudi suy gidm mién dich
V@i tai lwgng virus trong mau rat thap [12]. Cubi
cung, viéc phat trién quy trinh dPCR cho HCV tao
nén tang ky thuat cho cac xét nghiém da méi trong
twong lai, nhdm t&i nhiéu virus viém gan (HAV, HBV,
HDV, ...) trong cung mot phan rng, qua dé tinh gon
chan doén viém gan do virus trong |am sang.

5.KET LUAN

Dwa trén cdc trinh tu hé gen HCV d3 cong b,
nghién ctru nay da xay dung moét bo dir liéu tham
chiéu dwoc lya chon cé hé théng va dwoc cliing cd
bang phan tich phat sinh loai, nhdm xac dinh
genotype va subtype HCV mot cach chinh xac.
Dong thoi, nghién ciru budc dau trién khai ng
dung k¥ thuat dPCR nham phéat hién/ dinh lwong
HCV. B& mdi va mau do duoc thiét k& trén ving
gen bdo tén cla HCV; cac phan tich in silico cho
thay bo moi va mau do cé tinh dic hiéu doi véi
HCV va phu hop v&i phuong phap real-time PCR.
Théng qua viéc tich hgp xac dinh genotype va
subtype HCV va ddi méi cong nghé chan doan
(phuong phap dPCR), nghién ctru nay cung cap co
s& phwong phdp luan quan trong, gép phan hd tro
cac nb lyc qudc gia hudng téi muc tidu loai trir
HCV taiViét Nam.

LO1CAMON
Nghién clru nay dugc Trudng Dai hoc Quéc té
HAng Bang cap kinh phi thuc hién dwdi ma sé dé tai
GVTC18.14.
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A dataset for HCV genotype identification and preliminary
HCV quantification using digital PCR

Huynh Thi Thu Thao, Ha Thi Anh, Nguyen Thi Nga, Vu Thi Hai Yen, Nguyen Tuan Anh

ABSTRACT

Introduction: Hepatitis C virus (HCV) exhibits significant genetic diversity, posing challenges in detection and
quantification across different genotypes. Research objectives: This study aims to collect representative HCV
genome sequences to construct a robust genotype- and subtype-specific reference dataset reflecting both
global and Vietnam-specific diversity. In parallel, it seeks to initiate the development of a dPCR-based assay
for sensitive and accurate detection and quantification of HCV RNA. Subjects and methods: We constructed a
curated reference dataset comprising representative HCV genotypes and subtypes and conducted in silico
analyses to select suitable primers and probe for dPCR assay. Results: A panel of reference sequences
representing 86 validated HCV subtypes across all eight recognized genotypes was compiled to facilitate
accurate genotype and subtype identification. Additionally, preliminary dPCR experiments using clinical
serum samples showed high concordance with real-time PCR and successfully quantified viral loads in HCV-
positive samples. Conclusion: These foundational results provide key resources and protocols for future clinical
applications and large-scale studies on HCV genotype identification and molecular diagnostics using dPCR.
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