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Chir viét tit Tiéng Anh Tiéng Viét
Array Comparative Genomic Lai so sanh hé gen trén vi
aCGH o
Hybridization mang
American College of .
ACOG Hoi San phu khoa Hoa Ky

Obstetricians and Gynecologists

Attention-Deficit/Hyperactivity

ADHD Réi loan ting dong giam chd ¥
Disorder
ASD Autism Spectrum Disorder Réi loan phd tu ky
BCT Blood Collection Tube (Cell- Ong thu mau bao quan DNA
Free DNA BCT) tu do (Streck BCT)
BMI Body Mass Index Chi s6 khéi co thé
DNA tu do (trong huyét
cfDNA cell-free DNA
tuong)
cffDNA cell-free fetal DNA DNA thai tu do
chrN chromosome N Nhiém sic thé N (chrN)
CNV Copy Number Variation Bién thé s luong ban sao
Copy number variation Giai trinh tu bién thé s6 lugng
CNV-seq _
sequencing ban sao
CNVs Copy Number Variations Céc bién thé s6 luong ban sao
DNA Deoxyribonucleic acid Axit deoxyribonucleic
dPCR digital PCR PCR k¥ thuat s6
emPCR emulsion PCR PCR nhii tuong
ES Enrichment System Hé théng lam giau
Ty 1€ DNA thai (trong
FF fetal fraction
cfDNA)




Fluorescence In Situ

FISH o Lai huynh quang tai chd
Hybridization
ISCN International System for Human | Hé thong danh phap quéc té
Cytogenomic Nomenclature vé té bao di truyén ngudi
_ Hat Ion Sphere (mang DNA
ISP Ion Sphere Particles
khuon)
IVF In Vitro Fertilization Thu tinh trong 6ng nghiém
In Vitro Fertilization and Thu tinh trong dng nghiém va
IVF-ET ] _
Embryo Transfer chuyén phoi
KS Klinefelter Syndrome Hoi chimg Klinefelter
NGS Next-Generation Sequencing Giai trinh tir gen thé hé moi
, ' Sang loc trudce sinh khong
NIPS Non-Invasive Prenatal Screening ,
xam lan
_ ‘ Sang loc trudce sinh khong
NIPT Non-Invasive Prenatal Testing ,
xam lan
NIPT-plus Expanded NIPT NIPT mé rong
NPV Negative Predictive Value Gié tr1 tién doan am
NST Chromosome Nhiém séc thé
PCR Polymerase Chain Reaction Phan tmg chudi polymerase
PPV Positive Predictive Value Gid tri tién doan duong
QF-PCR Quantitative Fluorescent PCR | PCR dinh lugng huynh quang
PCR quantitative PCR (real-time PCR dinh lugng thoi gian
q
PCR) thuc
RAD Rapid Aneuploidy Detection Phat hién 1éch bdi nhanh
RATs Rare Autosomal Trisomies Tam nhiém NST thuong hiém
_ Yéu t6 RhD (khang nguyén D
RhD Rhesus D antigen

hé Rhesus)




RNA

Ribonucleic acid

Axit ribonucleic

SNP Single Nucleotide Polymorphism Da hinh don nucleotide
T13 Trisomy 13 Tam nhiém 13
T18 Trisomy 18 Tam nhiém 18
T21 Trisomy 21 Tam nhiém 21
TE Tris-EDTA buffer bém TE (Tris—EDTA)
TS Turner Syndrome Hoi chimg Turner
WES Whole-Exome Sequencing Giai trinh fy toan b vung ma
hoa
WGS Whole-Genome Sequencing Giai trinh tu toan bd hé gen
Z-score Z-score Piém Z (gia trj Z)
. Image edited using Al Hinh anh duoc chinh stra

béng tri tué¢ nhan tao
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PAT VAN DPE
1. Tinh cip thiét cia dé tai

Bét thuong nhiém sic thé 1a mot trong nhitng nguyén nhan quan trong gay say
thai, thai luu, di tat tim, da ngén, di tat than kinh va hé miéng - mat, tr d6 anh hudng
ning né dén gia dinh ciing nhu tao ganh ning cho hé thong y té - xa hoi [1, 2]. Trong
d6, cac léch boi thuong gip nhu trisomy 21, trisomy 18, trisomy 13 va bat thuong
nhiém sic thé gi6i tinh chiém ty 1¢ ddng ké, dong thoi ¢ lién quan chit ché véi tudi
me. Theo Savva va cong su, tAn sudt trisomy 21, 18 va 13 bat du ting tir khoang 30
tudi va ting rd & nhom >35 tudi, dic biét trong giai doan 35-40 tudi [1]. Khuyén cio
cap nhat ctia Hiép héi Y hoc Me va Thai nhi (SMFM) nam 2025 ciing nhéan manh
NIPT c6 do nhay va do dac hiéu cao ddi vai cac 1éch boi phé bién va nén dugc mo
rong trong sang loc thuong quy cho thai phu [3].

Vi¢c phat hién va phan tich DNA thai ty do (cell-free fetal DNA - ¢ffDNA) c6
nguén géc tor nhau thai trong méu me da tao ra budc tién 1én trong linh vuc y hoc
trude sinh. Cuing voi su phat trién cta cong nghé giai trinh tu gen thé hé méi (Next
Generation Sequencing - NGS), trong d6 c6 cic nén tang giai trinh ty ban dan nhu
Ion Proton, NIPT ngay cang dugc trng dung rdng rai trong thyc hanh lam sang, dac
biét d6i voi sang loc trisomy 21, trisomy 18 va trisomy 13 [4].

Trong qué trinh phat trién thai ky, cac té bao nhau thai lién tuc chét theo
chuong trinh va giai phong cac doan DNA ngin vao tuan hoan me. Vi nhau thai
thudng c6 bo gen turong dong véi thai nhi, cac doan DNA nay duogc sir dung dé danh
gi4 nguy co bit thudng nhidm sic thé cua thai thong qua xét nghiém NIPT. Tuy nhién,
NIPT van 1a xét nghiém sang loc vi cffDNA khong phai tryc tiép tir thai nhi, c6 thé
xut hién két qua duong tinh gia hodc 4m tinh gia. Cac nguyén nhan di duoc ghi nhan
gém kham nhau thai, DNA tu do tir nhau thai cta thai lwu sém, bat thuong nhiém sdc
thé & me, bénh 1y ac tinh va khac biét gitra cac nén tang k¥ thuat phan tich. Vi vay,
theo khuyén cdo ctia Hoi San phu khoa Hoa Ky (ACOG), két qua NIPT nguy co cao

can dugc tu van di truyén va xac nhan bang xét nghiém chan doan xam lan nhu choc
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b1 hodc sinh thiét gai nhau. Nguoc lai, két qua NIPT nguy co thip chi lam giam nguy
co, khong loai trir tuyét d6i moi bat thudng di truyén [5].

b4 tin cay cua NIPT phu thude nhiéu vao ty 1¢ DNA thai tu do (fetal fraction
- FF). Nhiéu nghién ctru quy mé 16n cho thay FF chiu anh huéng boi tudi thai, chi sd
khéi co thé (BMI) va tudi me. Khi FF thip, nguy co két qua khong két luan duoc
hoic sai 1éch ting 1én, anh hudng truc tiép dén do tin ciy cta xét nghiém va qua trinh
tu van di truyén [6-9]. Tai Viét Nam, mic du NIPT da duoc trién khai rong rii, cac
nghién ctru hdi ciru ¢d mau 16n danh gia mbi lién quan giita FF, cac yéu té me - thai
va gia tri sang loc cia NIPT véan con han ché. Vi vay, dé tai “Nghién ciru mdt sé yéu
t6 anh hwéng dén nong do DNA thai tw do va xac dinh gia tri ciia két qua sang
loc trude sinh khong xam 14n” duoc thuc hién nham bod sung béng chirng cho thyc
hanh tu van va sang loc trudc sinh.

2. Muc tiéu ciia dé tai
i.  Phadn tich méi lién quan giita ty 16 DNA thai tw do va cdc yéu t6 tudi me, tudi

thai va chi sé khoi co thé.

ii.  Xacdinh gia tri cua xét nghiém sang loc NIPT do6i véi nhém T13/T18/T21, mé
ta két qua nguy co cao doi véi NST giéi tinh va NST hiém gdp bang phiong
phdp gidi trinh tir gen thé hé méi.

3. Noi dung nghién ciru
Noi dung 1: M6 ta dic diém chung ctia nhom nghién ctru
Noi dung 2: Phan tich cac yéu t lién quan t6i ty 16 DNA thai tu do
Noi dung 3: M6 ta két qua sang loc trudc sinh khong xam lan.
Noi dung 4: Déi chiéu két qua NIPT véi két qua chan doan xam lan trong nhom

T13/T18/T21, tir d6 xac dinh gia tri sang loc cua NIPT trong sang loc trudce sinh.
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PHAN I. TONG QUAN

1.1. TONG QUAN VE DNA TU DO c¢fDNA VA DNA THAI TU DO cffDNA
1.1.1. Ngudn gbc va lich st phat hién ctia cfDNA va cffDNA
1.1.1.1. Ngudn gbc va lich sir phét hién ctia cfDNA

¢fDNA 14 nhirng doan DNA ngin ton tai ti do trong huyét twong hodc huyét
thanh, khong nam trong té bao va khong dugc bao boc boi mang té bao. Cac doan
DNA nay c6 thé bat ngudn tir nhiéu mé khac nhau. O nguoi khoe manh, phan 16n
¢fDNA c6 ngudn goc tir cac té bao mau, dic biét 1a té bao tao mau, duoc giai phong
trong qué trinh chét theo chuong trinh (apoptosis). Nam 1948, Mandel va Métais lan
dau mo ta sy hién dién cia axit nucleic trong huyét tuong ngudi. Bén nam 1977, Leon
va cong su ghi nhan néng do cfDNA tang & bénh nhan ung thu, mé ra hudng str dung
¢fDNA nhu mot ddu an sinh hoc [10]. Sau do6, viéc phat hién cac dot bién dic hiéu
ciia khdi u, nhu RAS, trong cfDNA di cing c6 khai niém sinh thiét long (liquid
biopsy); linh vuc nay tiép tuc phat trién nho PCR dinh luong va giai trinh ty thé hé
moi [11].
a @ ' B
%' Y o
~ 8 &)

Chét té bao theo chuang trinh \ / Lao hda té bao

&> -{ [ @
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Hinh 1. Cac co ché giai phong DNA ty do [12]*.
1.1.1.2. Nguén goc va lich st phat hién ctia cffDNA
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Vi cffDNA, cot mbe quan trong duoc ghi nhan vao nam 1997, khi Lo va cOng
su chimg minh sy ton tai cia DNA thai tu do trong huyét twong va huyét thanh me
b::ing cach phat hién cac trinh tu dic hiéu ctia nhiém sdc thé Y. Phat hién nay dat nén
mong cho cac xét nghiém sang loc trude sinh khong xam 1an (NIPT) [13]. Nhing
nghién ctru sau d6 cho thay cffDNA trong mau me chil yéu c6 ngudn gdc tir nhau
thai, lién quan dén qua trinh chét theo chuong trinh ciia té bao nudi [14]. Khi cac té
bao nay thoai hoa, ching giai phong cac doan DNA thai c6 kich thudc nho, thuong
khoang 150-200 bp; ty 1¢ cac doan DNA nay c6 xu huéng ting dan theo tudi thai
[15]. Sau sinh, cffDNA duoc thai trir rit nhanh khoi tudn hoan me. Nghién ctru cia
Lo va cong su ghi nhan thoi gian ban hily trung binh khoang 16,3 phut va hau nhu
khong con phat hién sau khoang 2 gio [16]. Tur phat hién nay, NIPT da tré thanh mot
hudng sang loc trude sinh co gia tri cao ddi voi cac 1éch boi nhiém sic thé thuong

gap [7,9].
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DNA ctia me DL POy PR
DNA ctia thai nhi—pq/

|
AW Y

Nhau thai

\ Huyét tugng me

Xét nghiém sang loc truéc sinh

khong xam Ian (NIPT)

Phat hién:

@ Hoi chiing Down — do thifa 1 nhiém sac thé
21 (Trisomy 21)

® Trisomy 18 (H6i ching Edwards)

® Trisomy 13 (Hoi chiing Patau)

e Léch boi nhiém sac thé gidi tinh (XYY,
Klinefelter, Turner, XXX)

e M6t s6 mat doan & lap doan vi méat thudng
gap

Hinh 2. Hinh anh mé ta DNA trong huyét tuong ctia me [17]*.
1.1.2. Ung dung cua cfDNA va cffDNA
1.1.2.1. Ung dung ciia cfDNA
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Ung dung ndi bat nhat ciia ¢cfDNA hién nay 1a sinh thiét 1ong (liquid biopsy)
trong ung thu hoc. Thay vi chi dya vao md khéi u, bac si c6 thé phan tich ctDNA co
ngué)n géc tir khéi u trong mau dé hd tro phat hién bénh, nhan di¢n dot bién gen lién
quan dén Iwa chon thudc dich va theo ddi dap tmg diéu tri theo thoi gian ma khong
can sinh thiét mé lip lai nhiéu 1an. O ung thu va di cin, Dawson va cong su cho thay
dinh luong ctDNA co6 thé phan anh dién bién bénh va nhay hon mot s6 diu 4n hodc
phuong phap theo doi truyén thdng [18]. Nghién ciru quy md 16n ctia Bettegowda va
cong su cling ghi nhan ctDNA c6 thé duoc phat hién ¢ nhiéu loai ung thu, véi ty 1€
phat hién cao hon ¢ giai doan tién trién, qua do cung ¢d vai tro ciia cfDNA nhu mot
nén tang xét nghiém khong xam lan trong ung thu hoc [19].
1.1.2.2. Ung dung ciia cffDNA

Ung dung 1am sang rong rai nhat cua cffDNA 1a sang loc cac l1éch boi nhiém
sac thé thudng gip, gom trisomy 21, trisomy 18 va trisomy 13, ciing vi mot s6 bat
thudng nhiém sic thé gidi tinh. Hiéu nang caa NIPT cao nhit d6i véi trisomy 21; d6i
v6i trisomy 18, trisomy 13 va cac bat thudng nhiém sic thé gidi tinh, do chinh xac c6
thé thay d6i tuy loai bat thudng, c& mau va nén tang k§ thuat [4, 20]. Cac xét nghiém
NIPT m¢ rong (NIPT-plus) hién nay con hudng tdi phét hién 1éch boi nhiém sic thé
thudng hiém gap va cac vi mat/vi 1ap doan co kich thudc di 16n [21]. Ngoai sang loc
1éch boi, cffDNA con ¢ thé dugc dung dé xac dinh giéi tinh thai nhi trong mot s6
bénh di truyén lién két nhiém sic thé X, vi du bénh mau kho dong, hodc xac dinh tinh
trang RhD cua thai & thai phy Rh 4m tinh nhim hd tro du phong bat ddng nhém méau
me - con [21].

1.1.3. Cac yéu t6 anh hudng dén ty 16 DNA thai tir do

Ty 18 DNA thai ty do (fetal fraction - FF) trong huyét twong me chiu anh
huong boi nhiéu yéu td, bao gém dic diém cta me, tudi thai va hoat dong cua nhau
thai. Trong d6, tudi thai va chi s6 khdi co thé (BMI) ctia me 12 hai yéu t6 thuong dugc
ghi nhan c6 lién quan rd dén FF. Nghién ciru ctia Ashoor va cong sur cho thay can
nang me co twong quan nghich véi ty 1€ DNA thai ty do; ¢ thai phu thtra can hodc

béo phi, thé tich mau 16n hon va su gia tang DNA nén tir mod me, dic biét tr mé m&
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va té bao mau, c6 thé 1am giam ty 16 cffDNA trong tong cfDNA [22]. Bén canh yéu
t6 sinh hoc, giai doan tién phan tich ciing anh hudng dang ké dén FF do dugc. Huyét
turong thudng phit hop hon huyét thanh vi qua trinh d6ng mau hoic ly giai bach cau
c6 thé 1am ting DNA c6 ngudn gbc tir me, tir d6 1am giam ty 1¢ FF. Tuong tu, viéc
cham tach huyét twong hodc bao quan, van chuyén mau khong t6i wu co thé gay ly
giai té bao méau me va lam sai 1éch dinh luong [23]. Mot s6 béo céo ca cling cho théy
thudc dung kém, dic biét thuée chong dong, co thé 1am giam FF, gay két qua khong
két luan dugc hodc 1am ting nguy co 4m tinh gia trong mot s6 truong hop [24].
1.2. BAT THUONG NHIEM SAC THE O THAI NHI
1.2.1. Khai niém va phan loai bat thudng nhiém sic thé

Trong giai doan du cua di truyén hoc ngudi, do han ché cua ki thuat kinh
hién vi va phuong phap chuéan bi tiéu ban, s6 lugng nhiém sic thé ctia ngudi ting
dugc cho 14 48 [25]. Pén nam 1956, Joe Hin Tjio va Albert Levan, thong qua nghién
ctru trén té bao phoi thai nguoi, d3 xac dinh chinh xac bo NST nguoi gdm 46 chiée.
Phat hién ndy md ra nén tang quan trong cho di truyén hoc nguoi va y hoc hién dai
[25, 26]. Theo Hé théng danh phap qudc té vé té bao di truyén nguoi (ISCN), bat
thudng nhiém sic thé dugc hiéu 1a su sai 1éch so voi bd NST binh thuong 46,XX ¢
nit va 46,XY & nam [27]. Bat thuong co thé 1a thay dbi vé sb luong, nhu 47, XXX,
45X, 47,XXY, 47,XX,+13,... hodc thay ddi vé cdu trac, nhu mat doan, lip doan,
chuyén doan. Nhiing bat thuong nay c6 thé dugc phat hién bang cac ki thuat di truyén
khac nhau, bao gom karyotype, FISH va xét nghiém vi mang nhidm sic thé. V& co
ban, ISCN phan loai bat thuong NST thanh ba nhém chinh: bat thudng s lugng, bat
thudng cau tric va thé kham [27].
1.2.1.1. Bét thuong s6 lugng nhiém sic thé

Bat thuong s luong NST 13 tinh trang s6 luong NST khac véi bd NST binh

thuong. Nhom nay thuong dugc chia thanh hai dang chinh: 1é€ch bdi va da boi. O
ngudi binh thudng, té bao ludng boi (2n) c6 46 NST, gdm 22 cap NST thuong va 1
cap NST gi6i tinh. Léch bdi thuong gip nhit & dang monosomy (thiéu mot ban sao

NST) hoic trisomy (c6 thém mdt ban sao NST). Léch bdi c6 thé xay ra & NST thuong,

18



nhu trisomy 13, 18, 21, hodc & NST gidi tinh, nhu 45,X; 47, XXY; 47, XXX; 47, XYY
[28-30]. Pa bdi hiém gap hon, do toan bd bd NST tang thém mdt bg, dién hinh 1a tam
bo1 69, XXX/XXY/XYY. Trén siéu am, thai da boi thudng cé nhiéu bat thudng hinh
thai nhu dinh ngon tay, ngén chan, bat thudng nio, bat thuong tuyén thuong than
hoic co quan sinh dyc. Phan 16n céc truong hop din dén say thai va it gip ¢ thai da
thang [31, 32].
1.2.1.2. Bat thuong cau tric nhiém sic thé

Bit thuong cau trac NST 1a tinh trang mot hoac nhiéu NST bi thay ddi vé hinh
dang hodc sy sip xép vat chat di truyén. Nguyén nhan c6 thé lién quan dén sai sot
trong phan chia té bao, yéu t6 di truyén tir bé me hodc tic dong ciia mot sd yéu té moi
truong. V& mit hau qua di truyén, bat thudng ciu tric thuong dugc chia thanh hai
nhom: bat thudng can bang va bat thuong mat can bang [27].
1.2.1.2.1. Bat thuong cau tric can bang

O bat thudng cau tric can bang, tong lwong vat chit di truyén khong thay doi,
nhung vi tri ctia cac doan NST bi sap xép lai. Cac dang thuong gip gom chuyén doan
tuong hd, chuyén doan Robertson va dao doan. Do khong c6 thira hodc thiéu DNA
1 rét, ngudi mang bat thuong can bang thudong khong ¢ biéu hién 1am sang hodc chi
biéu hién nhe [33-35]. Tuy nhién, diém gy c6 thé 1am gian doan gen hodc anh hudng
dén diéu hoa gen. Quan trong hon, ngudi mang bat thudng cin bang cé nguy co tao
giao tir khong can bang, lam ting nguy co say thai lién tiép, thai luu hodc sinh con ¢6
di tat bam sinh [36]. Tai Viét Nam, Triéu Tién Sang va cong su (2025) khao sat
19.191 bénh nhan nir va 18.584 bénh nhan nam dén tham kham hd trg sinh san tai
Vién Mo phoi l1am sang Quan doi va Bénh vi¢n Nam hoc va Hiém muon. Nghién ctru
ghi nhan bién thé dao doan nhiém sic thé 9 1a bién thé phd bién, trong d6
inv(9)(p11q13) c6 tan suat gan twong duong giira hai gidi: 174 nit (0,907%) va 176
nam (0,947%) [37]. Bén canh d6, Alhalabi va cong sy (2023) ciing cho thay dao doan
quanh tdm NST 9 ¢6 thé lién quan dén say thai tai phat va vo sinh, tir 6 nhdn manh
vai tro cua tu van di truyén khi phat hién bat thuong nay & cac cip vo chong can hd

tro sinh san [38, 39].
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1.2.1.2.2. Bit thudng cAu trac mat can bang

Bét thuong cau tric mat can bang 1a nhom bat thuong lam thay doi lugng vat
chét di truyén, bao gdm mat doan, lip doan, nhidm sic thé vong, nhidm sic thé déu
vai hodc cac marker chromosome. Nhiing thay d6i nay lam thay doi liéu luong gen
va c6 thé gay kiéu hinh ning, lién quan dén da di tat, bién chimg thai ky hodc chim
phat trién [40]. Trong nghién ctru cua Jiaying Yuan va cong su (2023) ding trén
Human Reproduction, nhom tac gia phan tich nhiém sic thé cua 17.054 bénh nhan
v6 sinh, gom 8.721 nam va 8.333 nit. Vo sinh dugc dinh nghia 14 khong c6 thai sau
12 thang quan hé déu dan, khong st dung bién phap tranh thai. Két qua cho thiy ¢
nam gioi, bat thuong sé lugng NST gidi tinh chiém ty 1¢ 16n, trong d6 hoi ching
Klinefelter (47,XXY) 1a dang ni bat va phan 16n bénh nhan cé biéu hién vo tinh
(95,1%; 58/61) [41].
1.2.1.3. Bat thuong dang kham

Kham nhiém séc thé 13 tinh trang trong ciing mot ca thé ton tai tir hai dong té
bao trd 1én c6 bd NST khac nhau, thudng gdm mot dong té bao binh thudng va mot
dong té bao bat thudng [27]. Trong chan doan trudc sinh, kham NST phat hién tir
dich 6i duoc wdc tinh gip khoang 1-2% céc trudng hop choc 6i [42, 43]. Kiéu hinh
ctia thé kham thuong nhe hon hoic khong dién hinh so voi bat thudng toan phan,
nhung murc d biéu hién rat thay doi tiy ty 1¢ va phan bd dong té bao bat thuong. Mot
bao cdo tai Bai Loan mé ta thai phu 35 tudi duoc choc 6i ¢ tuan 17 do tudi me cao,
két qua cho thay kiéu nhidm sic thé 47,XX,+20[8]/46,XX[23]. B6 me c6 kiéu nhiém
sac thé binh thuong va siéu 4m thai khong ghi nhan bat thuong. Choc 6i lai ¢ tuan 20
cho két qua 47,XX,+20[2]/46,XX[19]. Tré sinh ra phat trién tot dén 2 tudi, phat trién
tam than - van dong binh thuong; xét nghiém mau ngoai vi ghi nhan kiéu nhiém séc
thé 46,XX & 40/40 té bao lympho [44].
1.2.2. Tan suét xuét hién bat thuong

Theo nghién ctru trén 681.590 ca sinh tai tinh Chiét Giang (Trung Qudc) giai
doan 2014-2020, tan suét bat thuong NST noi chung ting tir 12,09/10.000 ca sinh
nam 2014 1én 39,22/10.000 ca sinh ndm 2020. Trong cac bt thuong dugc ghi nhan,
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hoi chimg Down (trisomy 21) 1a dang thudng gip nhit, chiém 49,4% tong sb truong
hop. Tan suét trisomy 21 ciing tang theo thoi gian, tir 7,19/10.000 1én 15,71/10.000
ca sinh. Bat thuong NST gi6i tinh dao dong 1,70-7,30/10.000 ca sinh, trong khi
trisomy 13 va trisomy 18 duy tri & mirc thip hon, lan luot 0,20-0,74/10.000 va 1,80-
3,22/10.000 ca sinh [45]. M6t nghién ctru khac phan tich xu hudng trong 20 nam trén
6,1 tridu ca sinh ghi nhan ty 16 méc trisomy 21 14 22/10.000 ca sinh, trisomy 18 1a
5/10.000 ca sinh va trisomy 13 14 2/10.000 ca sinh. Nguy co sinh con méc bat thuong
NST ting ro theo tudi me: so véi nhom 25-29 tudi, nhém me >40 tudi cd nguy co
sinh con mic hoi chimg Down cao gip 17,3 1an, hoi ching Edwards cao gap 18,9 1an
va hoi chiing Patau cao gap 10,2 lan [46].
1.2.3. Mot s6 bat thudng nhiém sic thé thuong gip
1.2.3.1. Trisomy 13 — hgi chung Patau

Vé kiéu hinh, T13 thuong giy da di tat ning, anh huong nhiéu co quan. Céac
biéu hién dién hinh hay dugc mo ta gém: di tat ndo va khe hd mdi - vom, bat thuong
mat, thira ngon, di tat tim bam sinh, bat thuong than - tiét niéu va co thé gap thoat vi
ron; tré thudng giam truong luc co va cham phat trién ning néu sdng sot [47]. Trong
ba thé trisomy thudng gip, T13 1a dang it gap nhat. Tai Chiét Giang, ty 1 phat hién
T13 chi khoang 0,20-0,74/10.000 ca sinh. Nghién ctru tai chau Au ghi nhan ty 18 hién
mic chung 13 2,0/10.000, nhung ty 1& tré sinh sdng chi con 0,48/10.000 [45, 46]
1.2.3.2. Trisomy 18 — h¢i chung Edwards

Trisomy 18 thuong co biéu hién dic trung nhu ban tay ndm chit, ngon trod
chong 1én ngoén giira, ngén Gt chong 1én ngén 4p it va ban chan hinh dé bap bénh. Tré
thuong nhe can nang, dau nho, kém dj tat tim va than. Phan 16n tré mic T18 khong
song qua 1 tudi do cac van dé sirc khoe nghiém trong [48]. Nguy co mac T18 ting rd
theo tudi me; theo nghién ctru tai chdu Au, nhom me trén 40 tudi c6 nguy co cao gip
18,9 1an so v&i nhom me tré. Ty 1é thai luu ty nhién cia T18 ciing rat cao. Trong
nghién ctru tai Trung Qudc, ty 1¢ phat hién T18 dao dong khoang 1,80-3,22/10.000
ca sinh [45, 46].
1.2.3.3. Trisomy 21 — hdi chung Down
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Tré méc hoi chirng Down thuong c6 mot s6 dic diém hinh thai go1 ¥y nhu mat
phéng, khe mét xéch 1én trén, miii tet, tai nho, ludi co xu hudng the ra ngoai, giam
truong luc co, cham phat trién van dong - ngdn ngir va khuyét tat tri tu€ voi mic do
thay doi [49, 50]. T21 12 bt thuong phd bién nhat, chiém 49,4% tong s ca bat thudng
nhiém sic thé duoc ghi nhan. Tai Chiét Giang, ty 1¢ phat hién T21 tang tir 7,19 1én
15,71/10.000 ca sinh trong giai doan nghién ctru. Nghién ctru tai chau Au giai doan
1990-2009 cho théy, mic du s6 thai mic T21 tang do tudi me cao hon, ty 1€ tré sinh
séng méc bénh van tuong d4i on dinh nho sang loc va chan doan trudc sinh; tai mot
s6 qubc gia, khoang 88-89% trudng hop dugc chan doan trude sinh dan dén quyét
dinh dinh chi thai ky [45, 46].
1.2.3.4. Bét thuong nhiém séc thé gidi tinh

Céc bat thuong nhiém sic thé gidi tinh thudng gip bao gdom 47,XXY (hoi
chung Klinefelter), 45,X (hoi chiing Turner), 47,XYY (hdi ching Jacob) va 47, XXX
(hoi chiig siéu nit). Hoi ching Klinefelter (KS) c6 tan suat khoang 1/500—1/600 tré
nam sinh song, trong d6 kiéu nhiém sic thé 47,XXY 1a bién thé phd bién nhat [51].
ngoai ra, mot s6 dang hiém hon nhu 48, XXXY c6 tan suat udc tinh khoang 1/18.000—
1/100.000 tré nam [52]. Ngudi mac KS thudng co tinh hoan nho, vé tinh tring va suy
sinh dyc tién phat kém tdng gonadotropin (hypergonadotropic hypogonadism). Do
biéu hién 1dm sang & tudi nho ¢ thé kin dao, nhiéu truong hop khong dugc phat hién
trong thoi tho 4u hodc tudi vi thanh nién ma chi dugc chan doan khi danh gia vo sinh
& tudi trudng thanh. Hoi ching Turner (TS) 1a réi loan nhidm sic thé giéi tinh & nit,
xdy ra khi mot nhiém sdc thé X bi mat hoan toan hodc mot phén; thé dién hinh co
kiéu nhidm sic thé 45,X thay vi 46,XX. Cac biéu hién thuong gip gdm voc dang thap,
suy budng trimg, giam kha nang sinh san va mot s6 bat thuong phat trién khac [53].
Téng hop cac nghién ciru trén thé gidi cho thiy tan suat TS khoang 25-50/100.000
phu nir [54]. Bénh c6 thé duoc chan doan mudn, trung binh khoang 15 tudi, va van
c6 mot ty 1& khong nho trudong hop khong duge phat hién trong sudt cude doi [55].
Chan doan TS duya trén xét nghiém di truyén, c6 thé thuc hién tir giai doan trudc sinh

hodc sau sinh khi tré c6 bi€u hi¢n goi y. Viéc quan ly va cham soc tré em gai, phu nir
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mic TS di duoc hudng dan trong khuyén céo qudc té nim 2016, trong d6 thudng bao
gdm diéu tri hormone ting trudng dé cai thién chiéu cao va estrogen dé khoi phat,
duy tri phat trién day thi [54]. Hoi ching Jacob, hay hoi chimg 47,XYY, 13 mot dang
léch boi nhiém séc thé gidi tinh & nam, véi tan suat khoang 10/10.000 tré nam sinh
song [56]. Tinh trang nay thudng xuat hién do sai sot ngdu nhién trong qua trinh phan
chia té bao sinh duc nam, dic biét 1a khong phan ly nhidm sic thé & giam phan II, tao
ra tinh tring mang thém mot nhiém sac thé Y [57]. Do biéu hién 1am sang da dang va
nhiéu trudng hop khong co tridu chimg 18, 47, XYY thudng kho nhan dién sém va cd
thé chi duoc phat hién ¢ tudi thiéu nién hodc trudong thanh, khi danh gia cac van dé
vé phat trién, hanh vi hodc sinh san [58]. M6t s6 biéu hién c6 thé gip gom réi loan
tang dong giam chu y (ADHD), réi loan pho tu ky (ASD) va kho khin trong twong
tac xa hoi [59]. Cudi cung, hdi ching 47,XXX 1a mot dang 1éch boi nhiém sic thé
gidi tinh ¢ ni, trong d6 mdi té bao c6 ba nhiém sic thé X thay vi hai, voi tan suat udc
tinh khoang 10/10.000 tré gai sinh sdng. Tuy nhién, do biéu hién thudng nhe hoic
khong dic hiéu, nhiéu truong hop khong duge chian doan; mot tong quan kinh dién
udc tinh chi khoang 10% trudng hop dugc phat hién trén 14m sang [60]. V& kiéu hinh,
47,XXX c6 phd biéu hién rong va thuong khong cé dau hiéu dic trung rd ngay lac
sinh. Mot s6 nguoi co tim voc cao, giam truong luc co, cong ngén V, khdp qua dudi
hodc ban chan bet, nhung da s6 khong c6 di dang noi bat [60].
1.2.4. Nhém bat thudng nhiém sac thé hiém gap

Ngoai cac bat thudng nhiém sic thé thudng gip nhu trisomy 21, 18 va 13, xét
nghiém NIPT m¢ rdng con co thé phat hi¢én mot s6 bat thuong nhiém sdc thé hiém.
Trong cac nghién ctru 16n trén thé gidi, trisomy 7 thuong 1a bat thuong duoc ghi nhan
nhiéu nhat, sau d6 1a trisomy 15, 16 va 22. Tuy nhién, y nghia 1am sang ctia nhom bat
thuong nay chua duoc rd, vi két qua NIPT khéng phai lac nao ciing phan anh bt
thudng that sy ¢ thai nhi. Mot s6 trudng hop c6 thé lién quan dén kham giéi han &
nhau thai, kham thai—nhau, kham that su & thai. Cac bat thuong nay co thé lién quan
dén thai chdm ting trudng, di tat hinh thai, say thai, thai luu hodc sinh non tuy nhién

gid tri tién doan dwong con thap. Mot phan tich gop trén 31 nghién ctru cho thdy PPV
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ctia xét nghiém cfDNA ddi voi RATS chi khoang 11,46%, vi vay khi NIPT bao nguy
co cao véi bat thuong nhiém sic thé hiém, can tu van di truyén, theo ddi siéu 4m sat
va xac nhan bang xét nghiém chan doan xam 14n phu hop trude khi dua ra két luan
cudi cung [61-63].
1.2.5. Cac yéu t6 anh hudéng dén bat thudng nhidm séc thé
1.2.5.1. Bat thuong do tudi me

Tudi me cao 1a mot trong nhitng yéu té nguy co dich t& hoc quan trong nhat
d6i vai cac bat thuong nhiém sac thé dang léch boi & thai nhi, voi co ché chinh lién
quan dén qua trinh 130 hoa cia nodn bao [64]. Cac nghién ciru tong quan trudc day
cling nhu gan dy déu cho thay phan 16n 1éch bdi ¢ ngudi c6 ngudn goc tir phia me,
va tan suat sai phan ly ting rd & cudi tudi sinh san [65, 66]. Theo thoi gian, phtic hop
protein cohesin - ¢ vai tro giit cac nhiém sic tir chi em gan két véi nhau va gitp
nhiém sic thé dinh hudng chinh xac trén thoi v sac - bi suy giam ca vé sb luong va
chtrc nang. Su suy yéu nay 1am céc cip nhiém sic thé d& tach roi som bét thuong, tir
d6 tang nguy co phan ly khong déu trong giam phan I, hau qua 13 tao ra nodn mang
24 hodc 22 nhiém séc thé thay vi 23 nhiém sic thé. Bén canh do, ty thé trong noin
bao 16n tudi ciing hoat dong kém hiéu qua hon, khién ngudn ning luong cung cap
cho qua trinh hinh thanh va van hanh thoi phan bao khong con on dinh. Khi thoi phan
bao bat thuong, nhiéu cuc hoic kém bén viing, vat liéu di truyén c6 thé phan b sai
1&ch trong qua trinh giam phan [64, 65].
1.2.5.2. Bat thuong do di truyén tir bd me

Khoang 3-5% trudng hop bat thudng nhiém sic thé & con, dic biét trong nhém
say thai lién tiép, co lién quan dén bd hoidc me mang bét thudng nhiém sic thé can
bang nhu chuyén doan can bang hodc dao doan [67]. Nguodi mang bat thuong cin
bang thudng c6 kiéu hinh binh thudng, nhung trong qua trinh giam phan c6 thé tao
ra giao tir mat can bang. Sau thy tinh, phoi c6 thé mang bat thudng cau tric hodc sd
luong nhiém sdc thé, dan dén sdy thai lién tiép hodc sinh con ¢6 di tat. Phan 16n bat
thudng nhiém séc thé ¢ thai 1a ngiu nhién (de novo), phat sinh do sai sot trong giam

phan tao giao tir hodc do 16i nguyén phian sém sau thy tinh; riéng trisomy 21, cic
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truong hop de novo duoc ude tinh chiém khoang 95%. Vi vay, ngay cé khi khong co
tién sir gia dinh va bé me khong mang bat thudng can bang, thai van c6 thé xuat hién
T21, T18 hodc T13 do sai phan ly nhiém séc thé xay ra ngau nhién [64, 68].
1.2.5.3. Bét thuong do tac dong ctia moi truong

Yéu t6 moi truong c6 thé tac dong 1én nhiém sic thé thong qua cac co ché giy
ddc gen (genotoxicity), bao gdm tao gde tu do (oxidative stress) gay dirt gy truc tiép
chudi DNA hoic can thiép vao qud trinh trung hop vi 6ng (microtubule
polymerization) - thanh phan c4u tao thoi v6 sac. Mot s6 nghién ctru dich t& hoc phan
ttr ghi nhan méi lién quan giita phoi nhiém thudc trir sdu, dung méi hitu co nhu benzen
va kim loai nang véi su gia tang ty 18 tinh trung hodc noin mang bat thudng nhiém
sdc thé. Ngoai ra, cac tac nhan nay c6 thé 1am thay doi methyl hoa DNA va céc co
ché biéu sinh khéc, khién bo gen dé bi t6n thuong hon [64, 69]. Trong nghién ciru
ctia Colleen Keen, tac gia phan tich nhom nghé nghiép ctia me gom 907 truong hop
bénh va 977 trudng hop ddi chimg nham danh gid méi lién quan giita phoi nhiém
nghé nghiép va hoi chimg Down (trisomy 21) & con. Két qua cho thdy nhém cong
nhan san xuit c6 nguy co gip 16i khong phan ly & giam phan II cao gép 3,15 1an so
v6i nhom chimg; trong khi d6, nhom 1am nghé khoa hoc ¢6 nguy co gip 16i ¢ giam
phan I cao hon 5,72 14n so vdi cac nganh nghé khac [70].
1.3. SANG LQC TRUOC SINH KHONG XAM LAN NIPT
1.3.1. Nguén gbc va lich sir phat trién cua NIPT

Xét nghiém sang loc trudc sinh khong xam 1an (Non-Invasive Prenatal

Testing - NIPT) 1a mot budc tién quan trong cta di truyén hoc trude sinh. Nén tang
ciia NIPT bat dau tir nim 1997, khi DNA thai ty do 1an dau dugc phat hién trong
huyét trong me thong qua cac trinh tu dic hiéu ctia nhiém sic thé Y. Trong giai doan
1998-2005, cac nghién ctru tiép theo 1am 15 ty 18 cffDNA trong mau me, ngudn gbc
cha yéu tir nhau thai va diac diém cffDNA bién mat nhanh sau sinh. Dén nam 2008,
viéc ing dung giai trinh ty thé hé méi (NGS, massively parallel sequencing) vao phan
tich DNA huyét twong me da mé ra kha nang phat hién léch boi nhiém sdc thé dua

trén nguyén ly dém sé ban sao. Tir ndm 2011, cac xét nghiém NIPT thuong mai dau
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tién duoc trién khai, song song v6i nhidu nghién ctru da trung tim chtng minh hiéu
nang cao dbi véi trisomy 21 va sau d6 mo rong sang trisomy 18, trisomy 13. Nam
2012, ACOG va SMFM khuyén céo sitr dung NIPT cho nhom thai phu nguy co cao;
giai doan sau do, chi dinh dan duoc mo rong cho nhiéu nhém thai phu hon. Tai Viét
Nam, Quyét dinh s 1807/QD-BYT ban hanh thang 4 nim 2020 d3 dwa NIPT vao
huéng dan chuyén mén qudc gia vé sang loc trude sinh. Nhitng ndm gan dy, NIPT
tiép tuc duoc phat trién theo hudng mé rong pham vi sang loc, trong d6 c¢6 cac bénh
don gen va mot s bénh di truyén phd bién, nham bo sung cho xét nghiém NIPT

truyén thong.

Dong thai gian phat trién xét nghiém NIPT

¢ 0 B F DS G

mmmmm

Phat hién Nghién cu ty 1@ Giai trinh ty Xét nghiém ACOG, SMFM Khuyén cdo Phat trién NIPT don gen
cffDNA va nguon goc thé hé moi (NGS)  thudng mai dautién  khuyén cdo md rong cho Sang loc cic bénh di truyén
trong huyét  cffDNA ho o cao tat ca thai phu 3 & Tan mau bam sinh -
tubngg e i Xac dinh y ¢ M3 rong T21, T18, 13 "B €0 @0 £ 'T":a:'ahs‘:e:: r;la‘i Z‘;’: ::: ;
‘ * Xécdinhty I¢ _ CffDNA trong mau ey o e,
cffDNA trong mau tich hgp cung NIPT truyén thong
2R Chiing minh

Phat hifn offDRh " &n gdc nhau thal QY

bién mat nhanh Gl

sau sinh Phat hién cffDNA s @

bién mét nhanh sau sinh I\-ﬂ

Thang 4/2020: Bo Y té Viét Nam ban hanh Quyét dinh
1807/Q0-BYT chinh thiic dua NIPT vao hudng dan
chuyén mon quéc gia vé sang loc trudc sinh

Hinh 3. Cac c6t mbc phat trién NIPT*.

1.3.2. Nguyén ly ctia NIPT trong gidi trinh ty gen thé hé méi

Nguyén 1y ctua NIPT dua trén viéc phan tich cac doan DNA tu do trong huyét
tuong me bang gii trinh ty gen thé hé mai. Tir khoang tuan thai thtr 10 trd di, ty 16
cffDNA trong mau me thuong dat mirc du dé phan tich bang cac k¥ thuat sinh hoc
phan tir c6 d6 nhay cao. Trong quy trinh xét nghiém, cfDNA duoc tach chiét tir huyét

tuong, xay dung thu vién va giai trinh ty song song hang triéu doan DNA ngan bang
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cong nghé massively parallel sequencing. Cac doan doc thu dugc dugc anh xa 1én bd
gen tham chiéu cta nguoi, sau do dém sd lugng reads (d6 doc) tuong ting véi tung
nhiém sic thé. Ct 16i cua phuong phap 1 so sanh ty 16 reads ctia mdi nhiém sic thé
trong miu xét nghiém véi ty 1é ky vong & quan thé binh thuong. Néu thai mang 1éch
boi, vi du trisomy 21, s6 reads 4nh xa 1én nhiém sic thé 21 s& ting nhe nhung c6 y
nghia théng ké. Dit liéu sau d6 duogc chudn hoa b?mg thuat toan sinh tin hoc va tinh
cac chi sb thong ké, phd bién nhét 13 z-score, dé danh gia mirc d6 sai 1éch. Do cffDNA
chi chiém mot phan trong tong cfDNA ciia me, thay d6i vé sd ban sao nhiém sic thé
thudng rat nho, doi hoi quy trinh giai trinh t va phan tich dit liéu phai c6 do chinh
xac cao. Vi ban chét 1a suy luan thong ké tir cfDNA trong mau me, NIPT duogc xép
vao nhom xét nghiém sang loc; cac két qua nguy co cao can duoc xac nhin bang xét
nghiém chan doan trude sinh xam 14n nhu choc 6i hodc sinh thiét gai nhau [71-73].
1.3.3. Do tin cay va han ché cua xét nghi¢m NIPT
1.3.3.1. BJ tin cay cua xét nghi¢m NIPT

NIPT dua trén giai trinh tu gen thé hé mdi cho phép danh gia nguy co bat
thudng trén 24 nhidm sic thé, gdbm 22 nhidm sac thé thuong va hai nhidm sic thé gisi
tinh X, Y, thong qua viéc dém s6 luong doan doc cfDNA trong huyét trong me. Do
tin cdy cua xét nghi¢ém cao nhét ddi vai céac 1éch boi thuong gdp, dac biét 1a trisomy
21, voi d0 nhay va d6 dac hi¢u thuong trén 99%. Déi vai trisomy 18 va trisomy 13,
hiéu ning van cao nhung c6 thé dao dong tity nghién ctru, nén tang k¥ thuat va dic
diém quﬁn thé dugc xét nghiém [4-7, 20]. Khi mé rong sang nhoém léch boi nhiém
sic thé thuong hiém giap (Rare Autosomal Trisomies - RATs), bao gdm cac bat
thuong ¢ 19 nhiém sic thé thuong con lai nhu trisomy 7, 16 hodc 22. Du NGS co thé
ghi nhéan tin hiéu bat thuong, gia tri tién doan duong thuc té cia nhém nay thuong
thap hon déng ké so v&i T21, T18 va T13 [74].
1.3.3.2. Han ché cua xét nghiém NIPT

Mic di ¢6 d6 chinh x4c cao, NIPT khong phai 14 xét nghiém chan doan va van
c¢6 nhitng gi6i han can duoc tu van 13 cho thai phu. Mot yéu té quan trong 1a ty 16

DNA thai trong mau me. Khi fetal fraction thp, thuong dudi 4%, nguy co m tinh
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gia c6 thé ting 1én hoic miu xét nghiém khoéng du diéu kién tra két qua [22]. Tudi
thai nhd, BMI me cao, song thai hoac tinh trang thai luu mdt phén déu c6 thé 1am
giam fetal fraction [22, 75]. Bén canh d6, kham nhau thai khu trt (confined placental
mosaicism) la mot nguyén nhan quan trong gdy duong tinh gid hoac am tinh gia, vi
¢fDNA trong méu me chii yéu c6 ngudn gdc tir nhau thai va khéng phai luc nao ciing
phan 4anh hoan toan b gen cua thai nhi [5]. Ngoai ra, bat thudng nhiém sic thé ¢ me,

bénh 1y 4c tinh, truyén mau hoic ghép tang ciing ¢ thé lam sai léch két qua NIPT.

o
® o E = - ”
PHOI -ﬁ; 4 @ TE BAOTAM BOI

TE BAO LUONG BOI

— l T,

& &
Eﬁ.‘ &
@ ® ® b
ik 2 & 2
Edd 3 &

NHAU THAI THAI NHI
KHAM THAI - NHAU KHAM NHAU THAI KHAM THAI NHI

Hinh 4. Cac loai kham nhau thai [76].

1.3.4. Cac yéu t6 anh hudng t6i két qua xét nghiém NIPT
1.3.4.1. Yéu t6 tién phan tich va thao tac k¥ thuat

Céc budc trude va trong qua trinh xét nghiém c6 anh hudng tryc tiép dén chat
luong két qua NIPT. Liy mau khong ding quy trinh, chdm tach huyét trong hoic
dung dng thu mau khong phut hop ¢6 thé 1am ting DNA ty do ¢6 ngudn gdc tir me, tir
d6 lam giam ty 1 cffDNA twong ddi va 1am ting nguy co két qua khong két luan
dugc hodc am tinh gia [77]. Ngoai ra, k¥ nang cua nhan vién xét nghi¢ém trong céac

budc tach chiét cfDNA, xay dung thu vién, kiém soat nhiém chéo va quan 1y méu
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cling 13 yéu t6 quan trong dé bao dam tinh lip lai va d tin ciy cua dit liéu giai trinh
tu.
1.3.4.2. Yéu t6 thiét bi k¥ thuat

O phia thiét bi va quy trinh NGS, chét luong dit liéu phu thudc vao sb reads
hitu hi¢u, do sau giai trinh tu, d§ phu, chét luong thu vién, sai I¢ch GC (GC bias),
thuat toan chuin hoéa va mé hinh théng ké dung dé tinh z-score. Nhiéu nghién ctru
cho thay viéc ting d6 sdu giai trinh tu hodc t6i vu quy trinh dé giam GC bias ¢ thé
cai thién hiéu nang phat hién va giam nhidu, dic biét khi mé rong sang cac bat thudng
hiém hodc CNV. Loi ich thuc t& con phu thudc vao muyc tiéu sang loc, chét lugng
mau dau vao va quy trinh tién phan tich [4, 20, 78].
1.4. CONG NGHE GIAI TRINH TU GEN THE HE MOI Ion Proton
1.4.1. Khai quat vé giai trinh tu gen thé hé méi

Giai trinh ty gen thé hé mdi (Next-Generation Sequencing, NGS) 1a nhom
cong nghé cho phép giai trinh tu song song sb lwong 16n phan tir DNA hoic RNA
trong cting mot 1an chay. So véi giai trinh ty Sanger truyén thong, NGS cho thong
luong cao hon, thoi gian phan tich ngan hon va chi phi trén mdi base thap hon. Vé
quy trinh chung, mau axit nucleic dugc chuan bi thanh thu vién bang cach phan manh
DNA, gin adapter va, ty muc tiéu xét nghiém, c6 thé 1am giau vang dich trude khi
gidi trinh ty. D liéu sau khi chay may gém cac doan doc ngén hoac dai, sau d6 duoc
xir Iy bang cac phan mém tin sinh hoc dé cin chinh 1én hé gen tham chiéu, lap rap,
phat hién bién thé hoic dinh luong biéu hién gen [79, 80]. Nho kha ning thiét ké linh
hoat, NGS duogc str dung trong giai trinh tu toan bd hé gen (WGS), gidi trinh ty viung
ma hoa (WES), panel gen muc tiéu, RNA-seq, metagenomics, epigenomics va nhiéu
g dung 1am sang nhu di truyén hoc, ung thu, bénh truyén nhiém va sang loc trudc
sinh [81].
1.4.2. Nguyén ly cong nghé giai trinh ty gen Ion Proton

Ion Proton 14 mdt nén tang giai trinh ty ban dan (ion semiconductor
sequencing). Khac vé6i cac hé thong dung tin hiéu quang hoc, cong nghé nay phat

hién truc tiép ion hydro (H+) duoc giai phong khi nucleotide dugc gin vao mach
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DNA dang tong hop [82]. Trudce khi chay may, DNA dugc gin adapter va khuéch dai
bang PCR nhil tuong (emulsion PCR) trén céc hat bead. Sau d0, cac hat bead mang
DNA khuén duoc nap vao cac giéng vi mé trén chip ban din. Trong qua trinh giai
trinh ty, bon loai nucleotide (dATP, dTTP, dCTP, dGTP) duoc lan lugt dua qua chip.
Néu nucleotide pht hop v6i mach khudén, DNA polymerase s& gin nucleotide d6 vao
chudi méi va giai phéng H+, 1am pH trong giéng thay doi. Su thay doi pH nay duoc
cam bién ban dan nhay ion (Ion-Sensitive Field-Effect Transistor - ISFET) ghi nhan
va chuyén thanh tin hiéu dién. Cudng do tin hi€éu phan anh s6 nucleotide duoc gén
trong mot chu ky, cac ving homopolymer van 13 diém dé gay sai s6 ctia cong nghé
ban dan [82, 83].
1.4.3. So sanh mot s6 nguyén 1y giai trinh ty gen khac

Cong nghé giai trinh ty ban dan Ion Torrent cua Thermo Fisher Scientific 1a mot
dai dién cia nhom phuong phap phat hién truc tiép bang cam bién ion. Khi so sanh
v6i Sanger, cong nghé huynh quang va cac nén tang doc dai, c6 thé thiy mdi phuwong
phap cé thé manh va han ché riéng. Viéc lua chon nén tang giai trinh tu vi vy can
dua vao muc ti€u xét nghiém, do chinh xéc can dat, d6 dai doan doc, thong luong

mau, thoi gian tra két qua va diéu kién cua timg phong xét nghiém.

Bang 1: So sanh gitra cac phuong phap giai trinh tu

Giai trinh ty Giai trinh ty | Gidi trinh ty | Cong nghé
Thong tin .
Sanger ban dan huynh quang doc dai
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Cong nghé ban dan c6 wu thé vé tdc do va chi phi van hanh trong cic ung dung

c6 muc tiéu ro rang. Cong nghé huynh quang phu hop véi cac nghién ctru hodc xét

nghiém can thong lugng 16n va do chinh xac cao. Giai trinh tu Sanger van c¢6 vai tro

quan trong trong xac nhan bién thé hodc giai trinh ty cac doan gen don 1¢. Trong khi

d6, cac cong nghé doc dai gitip phén tich nhitng viing hé gen phtrc tap, phat hién bién

thé cau triic va hd tro 1ap rap hé gen méi. Do d6, khong c6 mot nén tang nao phu hop
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cho moi muc tiéu; lira chon céng nghé cin can nhic dong thdi yéu cau chuyén mén,
chi phi va diéu kién trién khai thuc té [82, 84-86].
1.4.4. Ung dung cua hé théng Ion Proton trong xét nghiém NIPT

Hé thdng Ion Proton (Thermo Fisher Scientific, My) timg dugc tng dung trong
sang loc trude sinh khong xam 14n (NIPT) nho kha ning giai trinh tr ¢cfDNA trong
mau me véi thoi gian xtr Iy twong d6i nhanh. Trong NIPT, dir liéu ¢fDNA, trong d6
c6 cffDNA ngudn gdc tir nhau thai, duoc phan tich dé phat hién nguy co 1éch boi
nhiém sac thé, dic biét 1a trisomy 13, 18 va 21. Uu diém ctia nén tang ban dan 1a quy
trinh chay méy nhanh, khong can phat hién huynh quang va c6 thé phu hop véi cac
phong xét nghiém c6 thong lugng trung binh. NIPT van 1a xét nghiém sang loc dua
trén phan tich thong ké cfDNA trong mau me; két qua nguy co cao can duoc xac nhan
bang cac phuong phap chan doan xam lan nhu choc i hodc sinh thiét gai nhau. Poi
v6i cac léch boi thuong gip, dic biét 1a trisomy 21, nhiéu nghién ctru trén cac nén
tang NGS cho thiy do nhay va d6 dic hiéu co thé dat trén 99% [4, 20].
1.5. MOT SO PHUONG PHAP TRONG NGHIEN CUU NIPT
1.5.1. Phuong phap tach chiét cfDNA

Tach chiét cfDNA 1a budc dau tién va co6 anh hudng truc tiép dén chat lugng
xét nghiém NIPT. Nguyén 1y hap phuy axit nucleic 1én bé mit silica trong méi truong
c6 mudi chaotropic da dugc Boom va cdng sy mo ta tir nam 1990, sau d6 dugc phat
trién thanh nhiéu quy trinh tach chiét tw dong sir dung hat tir phu silica [87]. Khi huyét
tuong dugc tron voi1 dung dich ly gidi chira guanidine thiocyanate hodc guanidine
hydrochloride, protein bi bién tinh va DNA c6 thé bam 1én bé mit silica. Hé thong
nam cham sé& giit lai cac hat tir 43 gan DNA, trong khi protein, mudi du va cac tap
chit khac duoc loai bo qua cac budc rua, thuong co ethanol. Cubi cung, DNA duogc
giai hip trong dém c6 lyc ion thap nhu TE buffer hodc nudc khong cé nuclease, tao
nguén cfDNA tinh sach cho qPCR, dPCR hodc giai trinh tu thé hé moi. Trong xét
nghiém NIPT, budc nay can han ché t6i da DNA tur té bao mau me, vi nhiém DNA
me c6 thé lam giam ty 16 DNA thai tw do va anh huéng dén két qua phan tich [4, 21-
23].
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1.5.2. Phuong phap khuéch dai gen qPCR, dPCR

qPCR (PCR dinh luong thoi gian thuc) va dPCR (PCR k¥ thuét s6) déu dua
trén nguyén ly khuéch dai DNA, nhung khac nhau & cach dinh lugng tin hiéu. Véi
qPCR, tin hiéu huynh quang dugc ghi nhan trong timg chu ky khuéch dai, nho d6 co
thé u6c tinh twong ddi lwgng DNA ban dau. Trong NIPT, gPCR thudng duge dung
cho cac muc tiéu hd tro nhu kiém soat chét lugng thu vién, xac dinh gidi tinh thai
hoic sang loc yéu té RhD, hon 1a danh gi4 1éch boi toan bo nhiém sic thé [88]. dPCR
chia mau thanh rat nhiéu phan tmg nho doc 1ap, sau d6 dung thong ké Poisson dé tinh
s6 ban sao DNA mét cach tuyét d6i. Cach tiép can nay giup phat hién nhimg khac
biét nho vé s lwong ban sao, ké ca khi fetal fraction thap hon. Vi vdy, dPCR c6 thé
dugc su dung trong mat sb xét nghiém muc tiéu, chéng han phan tich céc bat thuong
s6 luong ban sao hodc hd trg sang loc mot s6 1éch boi nhu trisomy 21, 18 va 13. Pham
vi phan tich ciia dPCR phu thudc vao marker duoc thiét ké san va khong thay thé
hoan toan cac phuong phap giai trinh tu trong cac xét nghiém NIPT mé rong [89].
1.5.3. Phuong phap lai DNA aCGH

Phuong phap lai so sdnh bd gen trén vi mang (Array Comparative Genomic
Hybridization - aCGH) dua trén viéc so sanh cudng do tin hiéu huynh quang gitra
DNA mau can phan tich va DNA dbi ching. Trong quy trinh nay, hai ngudn DNA
dugc cat nho, danh dau bang hai mau huynh quang khac nhau, thuong 1a Cy3 va Cy5,
sau d6 tron va lai canh tranh trén vi mang chira nhiéu doan do dic hiéu phan bd doc
bo gen. Ty I¢ tin hi¢u tai tung vi tri phan anh su thay ddi s6 lugng ban sao: tin hi¢u
tang goi y 1ap doan hoac thira vat chat di truyén, con tin hi¢u giam goi y mat doan.
Trong chan doan trude sinh, aCGH thuong duoc thuc hién trén DNA tach tur té bao
61 hodc gai nhau. So véi karyotype truyén théng, phwong phap nay cé d6 phan giai
cao hon, nho d6 c6 thé phat hi¢n cac vi méat doan/vi 1ap doan kich thudc nhé ma quan
sat nhiém sic thé dudi kinh hién vi d& bo sot. Ngoai ra, aCGH khong phat hién t6t
cac bt thuong can béng nhu chuyén doan can béng hoac dao doan can béng, va kha
nang nhan dién thé kham muc thép con han ché [90].

1.6. CAC KY THUAT CHAN POAN DPOI VOI NIPT
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1.6.1. Nudi cdy nhiém sic thé do dich i (Karyotype)

Nubi cdy nhiém sic thé d6 (karyotyping) 12 phuong phap chin doan té bao di
truyén kinh dién. Té bao thai, thuong lay tir dich 6i hodc gai nhau, dugc nudi cay
trong moi truong thich hop dé ting sé luong té bao. Sau d6, mau dugc xu 1y bang
hoa chat e ché thoi phan bao nhu colchicine/colcemid nhim giir té bao & ky gita,
thoi diém nhilm sic thé co xodn rd nhat. Nhiém sic thé duge nhudém bing, phd bién
13 G-banding, rdi sip xép thanh ting cip dé danh gia sb lwong va cau trac. Trong
quan 1y thai ky, karyotype thuong dugc ding dé xac nhan khi NIPT cho két qua nguy
co cao, dic biét v4i cac bat thuong $6 luong nhu T21, T18, T13, Turner hodc cac bat
thuong ciu tric 16n. Uu diém cta phuong phap 1a quan sat dugc toan bo bd nhiém
sic thé & cép do té bao va ¢ thé phat hién chuyén doan can b:;ing, déo doan hodc thé
kham & mirc do nhat dinh. Han ché chinh 14 thoi gian tra két qua dai do can nudi cay
va d phan giai thap hon so v6i aCGH hoidc CNV-seq [4, 5, 20].

1.6.2. Lai huynh quang tai chd (FISH)

Lai huynh quang tai chd (Fluorescence In Situ Hybridization - FISH) dua trén
su bit cip bo sung giira doan do DNA gin huynh quang va trinh tu dich trén nhiém
sac thé. Mau thuong 13 té bao 6i hodc gai nhau, c6 thé phan tich truc tiép trén nhan té
bao ky trung gian ma khong can cho nudi ciy dai ngay. Sau khi lai va rira bo tin hiéu
khong dic hiéu, s luong ddm huynh quang quan sat dudi kinh hién vi s& phan 4nh
s6 ban sao cta ving hodc nhiém sic thé duge khao sat. Trong chan doan trude sinh
sau NIPT, FISH c6 gia tri nhu xét nghiém nhanh, thudng cho két qua trong 24-48
gio, gitip xac nhan sém cac léch bdi phd bién nhu trisomy 21, 18, 13 va bat thuong
nhiém sic thé gidi tinh X/Y. K¥ thuit nay ciing c6 thé duoc dung cho mot sb hoi
ching vi mat doan khi c6 dau do phui hop. FISH chi danh gia cac viing dugc thiét ké
dau do, vi vay khong thay thé hoan toan karyotype, aCGH hoic CNV-seq khi cin
khao sat toan bd bd gen [91, 92].

1.6.3. Giai trinh tu bién thé s6 lugng ban sao (CNV-seq)

Giai trinh ty bién thé sé luong ban sao (CNV-seq) 1a phuong phap chan doan

dua trén giai trinh tu thé hé méi ¢ do phu thip (low-pass WGS). DNA tir mau té bao
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thai, thuong 13 dich 6i hodc gai nhau, dugc giai trinh tu ngiu nhién thanh hang triéu
doan doc ngén. Céc doan doc nay dugc anh xa lén b gen tham chiéu, sau d6 bd gen
duoc chia thanh céc ctra s6 nho dé dém sd luong reads. Néu sb reads tai mot vung
tdng hoac giam 10 so voi nén tham chiéu, c6 thé suy ra vung do6 bi 1dp doan, mat doan
hozc 1éch boi. Trong chan doan trudce sinh, CNV-seq ngdy cang duoc sir dung nhu
mot lwa chon thay thé hodc bd sung cho aCGH nho quy trinh khéng can lai trén vi
mang, thong luong cao va chi phi ngdy cang hop 1y. Phuong phap nay phat hién t6t
cac 1éch boi toan bd nhiém sic thé va nhiéu vi mat doan/vi 1ap doan co kich thudce
nho, thuong tir khoang 100 kb trd 1én. Ngoai ra, CNV-seq khong phat hién duoc bat
thudng can bang va c6 thé bo sot thé kham muc rat thap (<10-20%) [93].

1.6.4. Dinh lugng huynh quang PCR (QF-PCR)

QF-PCR (Quantitative Fluorescence PCR) 1a k¥ thuat chan doan di truyén
phan tir ding dé phét hién nhanh mot s6 1éch boi nhiém sac thé thudng gap. Phuong
phap nay khuéch dai ddng thoi nhiéu marker da hinh, cht yéu 1a cdc ving l4p lai ngan
(STR) trén cac nhiém sdc thé dich nhu 13, 18, 21, X va Y. Cac cap méi duogc gén
huynh quang, san pham PCR dugc phan tich bang dién di mao quan va phan mém s&
phan tich chiéu cao hodc dién tich peak cua ting allele. O nguoi binh thuong, hai
allele tai mot marker di hop tir thuong co ty 18 tin hiéu xap xi 1:1. Trong trudng hop
tam nhidm, c6 thé gap ba allele véi ty 1€ 1:1:1, hai allele véi ty 1¢ khoang 2:1 hoac
1:2. QF-PCR thuong dugc dung nhu xét nghi€ém phat hién 1éch boi nhanh trén DNA
tir dich 61, khong can nudi cdy té bao, c6 thé hd tro tu van trong thoi gian cho két qua
karyotype hodc cac xét nghiém toan bo hé gen. Han ché cta phwong phap 1a chi danh
gi4 cac nhidm sic thé/marker dugc thiét ké, khong phat hién duoc bat thuong ciu trac
ngoai ving khao sat hodc cac bat thudong hiém trén toan bo bo gen [94, 95].

1.7.  TINH HINH NGHIEN CUU TRONG NUGC VA TREN THE GIOI
1.7.1. Nghién ctru trong nudc

Nghién ctu cua Duong Chi Thanh va cong sy (2021) trén 7.015 thai phu tai
Viét Nam ghi nhan ty 18 NIPT nguy co cao d6i voi cac 1éch bdi thudng gip lan luot
la trisomy 21: 1,28% (90/7015), trisomy 18: 0,24% (17/7015) va trisomy 13: 0,20%
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(14/7015). Trong cic nhém nay, T21 chiém ty 1 cao nhat va c6 xu hudng ting theo
tudi me. Khi ap dung NIPT cho nhém thai phu da c6 két qua sang loc huyét thanh
nguy co cao, so trudng hop NIPT dwong tinh chi chiém mot ty 1 nho so véi sb ca
nguy co cao ban dau. Két qua nay cho thdy NIPT c6 thé gitip giam so thai phu phai
thuc hién chin doan xam 14n khong can thiét, déng thoi van ho tro chon loc nhiing
truong hop can tu vin va xac nhan bang choc 6i hodc xét nghiém chan doan khac
[96].

Nghién ctru ctia Phan Hoang Cuc va cong su (2024) trén 6.104 thai phu thai don
tir 9 tuan tré 1én danh gia NIPT mé rong trén nhiéu nhiém sic thé. Ty 18 nguy co cao
dugc ghi nhan 13 1,95% (119/6104), bao gom T21, T18, T13, cac bat thuong NST
gidi tinh (45,X; 47, XXX; 47,XXY; 47,XYY) va mot nhom léch boi NST thuong
hiém. Khi d6i chiéu bang chan doan trudc sinh & cac truong hop nguy co cao, nghién
cuu cho théy do nhay va NPV rat cao, d6 dic hiéu trén 99,8%. PPV khac nhau gitra
cac nhom: cao nhéat & T21, trung binh & T13/T18, thap hon & nhém NST gi6i tinh va
rat thap & nhom léch bdi hiém. Két qua nay nhan manh rang NIPT c¢6 gia tri 16n trong
sang loc cac l1éch bdi thudng gip, nhung nhitng tin hiéu hiém hodc khong dién hinh
can dugc tu van k¥ va xac nhan bﬁng xét nghiém xam 14n trude khi dua ra két luan
lam sang [97].

1.7.2. Nghién ctru trén thé gi6i

Nghién ciru hdi ciru ciia Wang va cong su (2025, Scientific Reports) danh gia
vai tro clia viée ting do sdu giai trinh tu trén nén tang ban dan trong sang loc 1éch boi
nhiém sic thé bang NIPT. Nghién ctru thu nhan 59.800 thai don nguy co cao tai Bénh
vién Phy san - Nhi Quang Pong trong giai doan 01/2015-12/2020, gdm nhém NIPT
chuan (0,15%, khoang 3 tri¢u reads; n = 48.018) va nhom NIPT mé rong (0,4x,
khoang 8 triéu reads; n = 11.782). Cac truong hop duong tinh duoc tu van lam
karyotype hoic CMA dé xac nhan va duoc theo ddi két cuc thai ky. Két qua cho thy
ty 1¢ duong tinh ctia NIPT m¢& rong cao hon NIPT thuong quy (1,78% so vai 1,42%;
p =0,0037). PPV ciing ting khi d6 sdu giai trinh tu ting: & nhém NIPT chuan, PPV
lan luot 1a T21 84,80%, T18 69,23%, T13 25,00% va céac léch boi NST thudng khac
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4,55%; 6 nhom NIPT mo rong, cac ty I¢ tuong ung 1a T21 86,96%, T18 80,00%, T13
35,00% va léch boi khac 8,77%. M cai thién rd nhat duoc ghi nhan 6 T18. DPdi vai
bat thuong NST gidi tinh, PPV xap xi 50% & ca hai nhoém. Nghién ciru ciing ghi nhan
mot trudng hop am tinh gia T18, sau d6 duoc phat hién nhd siéu 4m bét thuong va
chan doén trudce sinh. Tang do sau giai trinh tu co thé cai thién PPV, nhét 1a voi
trisomy 18, nhung hiéu qua van con han ché ddi véi nhom 1éch boi hiém [4].
Nghién ctru hdi ctru ctia Deng va cong su (2023) phan tich 153.306 thai phu don
thai thuc hién NIPS tai West China Second Hospital trong giai doan 05/2015-
06/2020, nham 1am 13 cac yéu té me va thai anh huong dén fetal fraction (FF). Céc
bién duoc thu thap g@)m tudi thai, tudi me, BMI, FF va z-score cua NST 21, 18, 13;
FF dugc udce tinh dua trén NST Y hodc phan bd chiéu dai manh ¢fDNA, véi ngudng
FF t6i thiéu 4%. Két qua cho thay FF trung vi 1 11,62%, tang theo tudi thai va giam
khi tu6i me, BMI tiang. O cic ca that duong tinh, z-score ctia NST 21 va 18 tuong
quan thuan voi FF, trong khi khong thdy twong quan rd & T13. Nghién ciru nhan manh
can xem xét tudi thai, BMI va tudi me trong kiém soat chat luong trude xét nghiém

va dién giai két qua sau xét nghiém [9].
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PHAN II. POI TUQNG VA PHUONG PHAP

2.1. POI TUQNG, PIA PIEM VA THOI GIAN NGHIEN CUU
2.1.1. Pdi tuong

Nghién ctru hdi ctru duge thue hién dua trén két qua xét nghiém NIPT cua
téng cong 9.708 phu nir khée manh mang thai don, do tudi 18-50 duoc léy mau ngoai
vi tir tuan thai thtr 9 sau d6 xét nghi¢m NIPT tai Vién M6 phéi lam sang Quan doi.
2.1.2. Tiéu chuén loai trir

Nghién ctru chi tap trung vao phu nit mang thai don. Loai trir cac truong hop
mang thai do thy tinh trong 6ng nghiém (IVF), da thai (song thai, tam thai,...) hodc
thai luu trong da thai, phu nit ¢6 bénh Iy 4c tinh lién quan dén ung thu hoic tién sir
ghép tang.
2.1.3. Pia diém va thoi gian nghién ctru

Tir thang 4 nam 2023 dén thang 11 nam 2024 tai Lab Di truyén y hoc, B Mén
Sinh hoc-Di truyén y hoc, Hoc Vién Quan Y. Tat ca phy nit mang thai déu dong y
tham gia nghién ctru bang van ban sau khi dwoc cung cip ddy du thong tin vé xét
nghiém NIPT
2.1.4. Thoi gian thyc hién do an

Tir thang 8 nam 2024 dén thang 4 nam 2026

2.2. VAT LIEU NGHIEN CUU
2.2.1. Vat tu, thiét bi dung trong nghién ctru

Bang 2. Vat tu, thiét bj dung trong nghién ciru
Thong tin Hang/Nudc san xuat
Pipet 2,5; 10; 100; 200; 1000 Eppendorf - Btic
Ong PCR 0,2mL;1,5mL;2,0mL Biologix — My
Pau tip pipet 10;20;1000 Biologix — My
Gid nam cham, rack, khay da lanh Trung Quéc
May ly tam ngan Trung Qudc
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May ly tim téc do cao

Eppendorf - Burc

May vortex Trung Qudc

Ong Cell-Free DNA BCT (streck) My
May nudc sach 18 MQ Trung Qudc
Box an toan sinh hoc cip II Trung Qudc

May u nhiét

Eppendorf - Buc

May PCR

Eppendorf - Puc

Ging tay, khiu trang

May do ndng do DNA

May OneTouch 2 (emPCR)

Thermo Fisher Scientific — My

Hé théng ES (Enrichment System)

Thermo Fisher Scientific — My

May gidi trinh ty ban dan

CapitalBio Genomics - Trung Quéc

BioelectronSeq 4000
May ly tdm chip Ion PI Thermo Fisher Scientific — My
May chu phan tich Thermo Fisher Scientific — My

2.2.2. Hoba chit

Bang 3. Hoa chat dung trong nghién ciru

Sequencing Reaction

Thong tin Hang/Nudc san xuat
Kit tach chiét Nucleic Acid Extraction
Life Technologies
& Purification Kit
Kit xay dung thu vién Fetal
Aneuploidies (Trisomy 21, 18, 13) Life Technologies
Detection Kit
kit chuan bi template cho giai trinh tu Life Technologies
Kit chay giai trinh ty Universal Kit for ' .
Life Technologies
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Hoa chat do nong d6 DNA Qubit 3
dsDNA My
Ethanol & Isopropanol My
Nudc nuclease-free My
NaOH 10 M My

Chip Ion PI Thermo Fisher Scientific — My

2.3. PHUONG PHAP NGHIEN CUU
2.3.1. Phuong phap tach chiét cfDNA

Chuan bi héa chat: rd dong Protease K, bat may U nhiét & 40°C va bd sung
ethanol tuyét d6i vao dung dich Detergent 2 theo hudng dan cia bo kit.

Sau khi thu thap, mAau mau dugc ly tdm lanh & 4°C véi lyc ly tdm 1.600 x g
trong 10 phat. Phan huyét twong phia trén dugc chuyén sang 6ng Eppendorf 2,0 mL
d3 danh ma riéng, sau d6 ly tam 1an hai & 16.000 x g trong 10 phit tai 4°C dé loai bo
té bao con sot. Huyét tuong sau ly tam dugc hut can than, tranh cham vao 16p can té
bao, roi tién hanh tach chiét cfDNA bang b kit nucleic acid extraction purification
kit theo nguyén 1y hat tur.

- Buéec 1: Lan lugt cho 20 uL Protease K, 30 uL BeadsG, 400 uL huyét twong
va 500 puL dung dich ly giai MLK vao cing mét éng 2,0 mL. Tron déu,  lic ¢ 40°C
trong 10 phut, sau d6 ly tdm nhanh va dat ong 1én gia nam cham trong 3 phiit.

- Budc 2: Hat bo dich ndi, thém 500 uL dung dich rira Detergent 1, vortex trong
5 gidy, ly tdm ngin roi dit ong tro lai gia nam cham.

- Budc 3: Sau 1 phut, hiit bo dich noi, thém 500 uL dung dich rira Detergent 2,
vortex trong 5 gidy, ly tim ngén roi ddt dng 1én gia nam cham.

- Budc 4: Lip lai budc rira bang Detergent 2: sau 1 phut, hat bé dich ndi, thém
500 pL Detergent 2, vortex trong 5 gidy, ly tim ngan roi dit dng 1én gia nam cham.

- Budc 5: Hut bo dich ndi, ly tAm ngan va hit sach phan dich con sot lai. Mo

nap ong va dé ¢ nhiét do phong khoang 5 phut dé ethanol bay hoi hoan toan.
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- Budc 6: Thém 45 pL dung dich AE vao bng, u & 40°C trong 5 phut, sau d6 ly
tam ngan.

- Budc 7: bat dng 1én gia nam cham trong 1 phut, sau d6 hut phan dich ndi chtra
¢fDNA sang 6ng PCR 0,2 mL. Mau dugc bao quan & —30 dén —10°C néu sir dung
trong thoi gian ngén, hodc < —70°C néu luu trit dai han.

2.3.2. Phuong phép xay dung thu vién

- Trudce khi xay dung thu vién, cac hoa chit can duoc ra dong va dat trén khay
lanh, gdm: End Repair Buffer, End Repair Enzyme, Ligase Buffer, DNA Ligase
Enzyme, PCR Buffer, Primer Mix, Adapter, Barcode, Beads1, Beads2, TE buffer va
mau cfDNA.

Budce 1: Pha phan trng end-repair

Bang 4. Hoa chat chay phan tng End-repair
Thanh phan Thé tich (uL)
DNA cfDNA 43,5
End Repair Buffer 5
End Repair Enzyme 1,5
Tong 50
Spin 10i chay may PCR & 25°C trong 30 phiit

Budc 2: Tinh sach sau phan ing end-repair. Trudc hét, lac déu Beads1 khoang 1
phut, thém 65 pL Beads1 vao 6ng phan ung end-repair (tong thé tich 115 pL), vortex
khoang 3 gidy va dé yén 5 phat. Ly tim nhanh, dit éng 1én gia nam cham trong 3
phut dé hat tir tach sang mot bén. Chuan bi ong 1,5 mL méi da danh s6 va cho sin
100 pL Beads2, sau d6 chuyén phan dich nbi tir dng Beads1 sang 6ng Beads2, tranh
hut theo hat tir. Vortex 3 gidy, dé yén 5 phut, ly tim nhanh, dat 1én gia nam cham 3
phut roi hat bo dich néi. Tiép theo, rira hat tir hai 1an bang ethanol 75%; mdi lan thém
500 pL ethanol 75%, xoay nhe gia nam cham, dé khoang 5 gidy rdi hut bé dich rira.
Sau khi rira, hut sach ethanol con sét, mé nap 6ng va dé kho ¢ nhiét do phong dén

khi bé mit hat bat diu niit nhe, nhung khong dé qua kho. Thém 28 uL TE buffer,
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vortex k¥ dé hat phan tan déu va dé yén 5 phat. Cubi cing, dit dng 1én gia nam cham
cho hat tach sang mot bén, hit toan bg dich noi sang 6ng moi; phén dich nay la DNA
d3 tinh sach, dung cho buéc gin adapter.

Budc 3: Gin adapter + barcode

Bang 5. Hoa chat chay phan tng gan adapter + barcode
Thanh phan Thé tich (uL)
DNA sau tinh sach ¢ budc 2 28
Nuclease-free water 13
Ligase Buffer 5
DNA Ligase Enzyme 1
Adapter 1,5
Barcode (A01-A48) 1,5
Tong 50
Spin r6i chay may PCR ¢ 25°C trong 30 phut

Budc 4: Tinh sach sau phan tng ligation. Thém 75 uL Beads2 vio dng chta san
pham ligation, vortex khoang 3 gidy va dé yén 5 phit dé DNA bam Ién hat. Ly tim
nhanh, dit 6ng 1én gia nam cham trong 3 phut, sau d6 hut bo dich néi. Rua hat tir
bang ethanol 75% hai 1an lién tiép; mdi 1an thém 500 uL ethanol 75%, xoay nhe gia
nam cham, dé vai giay roi hut bo dich rira. Sau khi rira, hut sach ethanol con sot va
mo ndp dng & nhiét dd phong dén khi bé mit hat bat ddu nit nhe. Thém 18,2 L TE
buffer, vortex ki cho hat phan tan déu va dé yén 5 phut. Cudi cung, dat 6ng 1én gia
nam cham dé hat tach sang mot bén, roi hut toan bo 18,2 uL dich noi sang 6ng PCR
0,2 mL.

Budc 5: Khuéch dai thu vién

Bang 6. Hoa chat chay budc khuéch dai thu vién

Thanh phan Thé tich (uL)

DNA gén adapter ¢ budc 4 18,2
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PCR Buffer 20
Primer Mix 1,8
Tong 40
Tron déu roi chay trén may PCR véi chu trinh
Nhiét dg °C Thoi gian Chu ky
75 10 phut 1
95 2 phut 1
98 20 giay
65 30 giay 13
72 30 giay
72 2 phut 1
4 Giit dén khi bo ra khoi may 1

Budc 6: Tinh sach sau PCR thu vién. Chuyén toan bo 40 pL san pham PCR
sang dng chira 45 pL Beads2, vortex khoang 3 gidy va dé yén 5 phat & DNA bam
1én hat. Ly tdm nhanh, dat ong 1én gia nam cham trong 3 phut rdi hut bo dich noi.
Tiép theo, rtra hat tir hai lan béng ethanol 75%; mdi 14n thém 500 uL ethanol 75%,
xoay nhe gia nam cham, dé khoang 5 gidy rdi loai bo dich rira. Sau rira, hit sach
ethanol con sét va mo nép éng ¢ nhi¢t do phong dén khi bé mat hat bat dau nut nhe,
nhung khong dé qua kho. Cudi cung, thém 50 pL TE buffer, vortex k¥, dé yén 5 phit,
dat éng 1€n gid nam cham va hat toan bd dich ndi chtra thu vién DNA tinh sach sang
dng méi dé chuan bi cho budc tiép theo.

2.3.3. Quy trinh tao ISP trén may OneTouch2

Qua trinh tao hat Ion Sphere Particles (ISP) duoc thuc hién bé“mg bo Ion PI™
Hi-Q™ OT2 200 Kit trén may OneTouch2 theo co ché PCR nhii tuong (emulsion
PCR, emPCR). Hon hop phan tmg gdm emPCR buffer, emPCR enzyme mix, sphere
particles, nudc khong chira nuclease va thu vién DNA da dugc dinh lugng, véi thé
tich pha theo hudng dan cua hing. Hon hop duoc nap vao Reaction Filter, b6 sung

Reaction Oil dé tao nhii twong va dua 1én may OneTouch2. May thuc hién emPCR
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ty dong trong khoang 5 gid, tao cac vi giot nhil twong, trong d6 mdi hat ISP mang
mot phan tr DNA khudn va dugc khuéch dai thanh nhiéu ban sao. Sau khi chay xong,
dung dich duoc thu hdi qua OT Recovery Tubes, tich nhil twong va rira bang
Recovery Solution. Cac ISP sau emPCR dugc thu lai, rira nhiéu lan, ly tdm dé loai
dau du va chuin bi cho buéc lam giau.
2.3.4. Quy trinh lam giau ISP

Dung dich ISP sau emPCR dugc dua vao hé théng ES cung v&i Wash Solution,
Beads Capture Solution va dung dich kiém 1M NaOH dé tach chon cac ISP duong
tinh, tirc cac ISP c6 DNA ga“in trén bé mat. Hat tir Streptavidin C1 Beads dugc dung
dé bat giit cac ISP mang adapter biotin hoa. Hé thong ES tu dong rira, loai bo ISP 4m
tinh va thu lai dung dich chtra ISP dwong tinh di lam sach. Sau budc lam giau, mau
ISP duoc rira béng nudc khong chira nuclease, chuin hoa thé tich va chuan bi cho
budc gan mdi giai trinh tu.
2.3.5. Quy trinh giai trinh tu ban din trén hé théng Ion Proton

ISP sau lam giau dugc tron véi sequencing primer, annealing buffer va
sequencing polymerase, sau do thuc hi¢n budc annealing trén may PCR theo chuong
trinh 95°C trong 2 phiit, 37°C trong 2 phut va giit & 20°C. Hon hop dugc nap 1én chip
Ion PI™; chip duogc ly tam dé loai bot khi, rira bé“mg annealing buffer va rinse solution,
sau d6 bo sung enzyme reaction. Chip chira ISP duoc dit vao mdy giai trinh tu
BioelectronSeq® 4000. M4y thyc hién gidi trinh ty ban dan, trong 6 mdi nucleotide
dugc DNA polymerase gan vao soi DNA sé tao ra thay d6i pH cuc bd va dugc cam
bién trén chip ghi nhan theo thoi gian thyc. Quaé trinh chay chip kéo dai khoang 2,5
gid. Dit liéu sau chay dugc phdn mém cua hing xir 1y dé thu sé lwong unique reads,
tinh %chrN va Z-score, tir d6 danh gia nguy co Iéch boi T13, T18 va T21.
2.3.6. Phan mém chay va phan tich két qua

2.3.6.1. Phan mém chay giai trinh ti

Sau khi mau dugc dua 1én hé thong giai trinh tu, phan mém hién thi cac thong
s6 dung dé theo ddi va danh gia chat lvong run. Cac thong sé chinh gém tng sb base

tao ra, cuong do tin hiéu ban dau cta thu vién, ty 1¢ ISP duogc nap 1én chip, ty 1€ reads
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st dung duoc, ty 1& giéng co hat va giéng tréng, ty 18 hat co hodc khong c6 DNA
khuon, ty 1¢ hat don dong va da dong, dir li¢u thu vién cudi cung dugc gilr lai cho
phan tich va phan bd do dai doan doc. Nhirng chi sé nay gitp danh gia chét lugng lan

chay trudc khi phén tich két qua NIPT.

BAN TOM TAT:RUN GLAI TRINH T

o 1526 119 92,628,200 165bp 167bp 70p
Tong 50 basesdit liéu tho Tin higu thur vién Tang s6 doc Trung binh Trung vi D dai nhiéu nhat

l“ll b ||'| D4 g

cho phan tich tiep theo
MAT DQ ISP Tom tit ISP

96% BUSICRME 4%
Chia ISP 6ng chita ISP

100% [BEERIH 0%
Lam giau ISP Khong lam giau ISP

67% EEEIE 33%

ISP mang mot ISP mang nhicu template 0 50 100 150 200 250
template khac nhay

Do dai doan doc
95% [EPFLREN

Dit liéu thu viéen
cudi cling

Hinh 5. Ban tom tat run gidi trinh tyr

2.3.6.2.  Phan mém phan tich

Cac mau co s6 luong reads dat yéu cdu > 3,5 triéu reads/mau dugc dua vao
phan tich, néu khong du dir liéu thi giai trinh tu lai. Thu vién c6 néng do < 1 nmol/L
can dugc lam lai. Két qua 1éch boi NST 21/18/13 duoc thyc hién bang phuong phap
Z-score dua trén ty 1€ dai dién reads theo nhiém séc thé. Sau khi cin chinh reads 1én
bd gen tham chiéu va loc léy unique reads, ty 1€ dai dién cua tung nhiém sic thé duoc

tinh va chuan hoa theo thuat todn ciia phan mém phan tich.

Bang 7. Ty 1é doan doc ctia nhiém sdc thé

%chrN = (UniqueReads chrN / UniqueReads autosomes) x 100% (N = 1-22, X, Y).

%chrN: Ty 1& doan doc cua nhiém sic thé N
UniqueReads chrN: Sb doan doc duogc can chinh vao nhiém sic thé N

UniqueReads autosomes: Tong s6 doan doc dugc can chinh vao cac nhiém sac the




thuong

N: Nhiém séc thé s6 1-22, X hoic Y

Z-score dugc tinh bang cach so sanh ty 1€ reads chuan hoa cua tirng nhiém sac

thé trong mAu voi trung binh va do 1éch chuin cta quan thé tham chiéu binh thuong:

Béang 8. Cach tinh gia tr1 Z-score

7-

SCOre=

%chrN mau—gia tri trung binh ctia %chrN tham chiéu

Do 1éch chuan cua %chrN tham chiéu

(NZ]" 29

3..22,X,Y)

lai miu néu FF thip < 4%) va duong tinh khi Z > 3.

Z = (%chrN_mau — mean(%chrN_tham chiéu)) / SD(%chrN_tham chiéu).
Mau dugc két luan am tinh khi Z < 1,96, ving xam khi 1,96 < Z < 3 (khuyén nghi lay

Ty 18 fetal fraction (FF) duoc wdc tinh bang mo hinh hdi quy tuyén tinh, két

hop ty 1¢ tin hiéu ciia nhiém séic thé Y trong truong hop thai nam va mé hinh dya trén

phan b6 chiéu dai cac manh cell-free DNA. Theo nguyén 1y ndy, cfDNA c¢6 ngudn

gdc thai thuong c6 dinh phan bd khoang 140—150 bp, trong khi ¢cfDNA c6 ngudn gbc

me thuong co dinh khoang 165-170 bp
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ChrNO. | Z-Score Hint Distribution of Z-value ChrNO. | Z-Score Hint Distribution of Z-value

sssss Low Risks : : ol Pyt 13 0430 | LowRisks
Low Risks 3| e emeia Mok 1| e | LowRisks
Low Risks B (e : - 15 1107 | LowRisks
Low Risks 1] e W, A i g 2177 | LowRisks
Low Risks : f R ¥ f a7 0314 | LowRisks
,,,,, Low Risks S o TN i 18 0856 | LowRisks
0987 | Low Risks : 5P A 19 0589 | Low Risks
Low Risks e : y/* 2 | oost | Lownisks
sssss Low Risks : ’ - - 21 0877 | LowRisks
Low Risks : S 22 1520 Low Risks

2128 Low Risks > : § - % x 0147 Low Risks

Vung khoanh d6: phat hién c6 nguy co bat thudng nhiém sic thé

Low Risks: Nguy co thap ddi v6i 24 nhidm sic thé

Hinh 6. Phan mém phan tich NIPT

2.3.7. Theo d&i va chan doan trude sinh xdm lan

Tat ca thai phu c6 két qua NIPT nguy co thap duoc tiép tuc theo ddi bang siéu
am trong thai ky cho dén khi sinh; thong tin vé kiéu hinh sau sinh duoc thu thap tir
bac si 1am sang. Vi cac trudng hop NIPT nguy co cao, thai phu duoc tu van chan
doan trude sinh xdm 1an & tuan thai 16-22. Trong nghién cru ndy, phan tich gia tri
sang loc chi thuc hién cho nhém T13/T18/T21 c6 dir lidu x4c nhan bang CNV-seq
(phu luc 2). Cac bat thuong NST gi6i tinh va bat thuong NST hiém gip duge mo ta
theo két qua sang loc, chua dua vao phan tich gia tri sang loc do chua c6 ditr li¢u xac
nhan day du. Vi cac truong hop bat thuong hiém gip ngoai pham vi xét nghiém,
thai phu duoc tu van thuc hién xét nghiém di truyén phu hop.
2.4. PHUONG PHAP THONG KE

Céac bién s6 FF, tudi thai, tudi me va BMI duoc nhap va lam sach dir li¢u trén
Microsoft Excel 2019, sau d6 phan tich bang Stata 16.0. Cac chi sé d6 nhay, do dic
hiéu, gia tri tién dodn duong (PPV), gid tri tién doan am (NPV), ty I¢ duong tinh gia

48



va ty 1€ am tinh gid dugc tinh toan cho nhom T13/T18/T21. Khoang tin cay 95% cua
cac ty 1& duoc tinh theo phuong phap Wilson score. Mdi lién quan giita FF voi tudi
me, tudi thai va BMI duoc danh gi bang cac phép kiém théng ké phu hop.
2.5. QUY TRINH THU'C HIEN NGHIEN CUU

Quy trinh nghién ctru dugc thuc hién theo cac budc chinh. Trudce hét, mau
mau ngoai vi cua thai phu dwogc thu thap va xir 1y dé tach huyét twong. Tur huyét
tuong, cfDNA téng sb6 duoc tach chiét, xay dung thu vién va giai trinh ty gen thé hé
moi. DTt liéu giai trinh ty sau d6 dugc phan tich dé tinh ty 1€ doan doc va Z-score cho
24 nhiém sic thé (22 NST thuong va NST gidi tinh), nham phat hién nguy co bat
thuong 1éch boi. Cac truong hop nguy co thap duoc theo ddi trong thai ky cho dén
khi sinh. Cac truong hop nguy co cao dugc tu van choc di dé chan doan xac dinh
bang CNV-seq. Cubi ciing, két qua theo ddi sau sinh hodc két qua chan doan xam lan
dugc sir dung dé danh gia do chinh xac, ty 1& 4m tinh gia, ty 1 duong tinh gia va gia

tri sang loc cua xét nghi¢m NIPT.

Thu thdp miu méau ngoai vi

[

e Tach cfDNA tir huyét tuong
. Tao thu vién cho mau
e Gidi trinh ty gen thé hé mdi

[

Phan tich két qua 24
nhiémsac thé

N
[ ]

Két qua NIPT nguy co thap Két qua NIPT nguy co cao
vé&i bat thudng léch bdi vai bat thuang 1éch boi
Theo dai tdi luc sinh Choc 8i chan doan

\ Xéc dinh gia tri &m tinh gia, duong tinh J
gia clia xét nghiém NIPT trong sang loc

bat thudng NST

Hinh 7. Quy trinh nghién ctru dd an
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2.6. PAO PUC TRONG NGHIEN CUU

Nghién cuu st dung sb lidu hoi clru; tat ca dbi tuong déu duoc tu van vé
phuong phap sang loc NIPT va chan doan trudc sinh trudce khi tham gia.

Tat ca thong tin bénh nhan déu duoc bao mat, mi hoa, chi dung cho muc dich
nghién ctru

Toan b qua trinh nghién ctru déu tudn tha theo dung chuyén mon va quy trinh
ky thuat

Dé tai duge thuc hién vi muc dich khoa hoc, khong phuc vu loi ich ca nhan
hay muc dich thuong mai.

Nghién ctru da dugc phé duyét thong qua Hoi dong dao duc trong nghién ctru

Y sinh hoc - Hoc vién Quén y; ma s6 phé duyét (02/2026/CNchT-HPDPD).
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PHAN III. KET QUA VA BAN LUAN
3.1. PAC PIEM CHUNG CUA NHOM NGHIEN CUU

3.1.1. Pic diém chung ctia nhém nghién ctiru

Trong tong s6 9.708 thai phu dugc dua vao nghién ctru, tudi me trung binh 1a
29,9 + 5.1 tudi (18,0-50,0 tudi). BMI trung binh 1a 21,25 + 2,04 kg/m?. Tuoi thai tai
thoi diém 14y mau NIPT trung binh 10,9 + 1,2 tuan, dao dong tir 9 tuan 0 ngay dén
13 tuan 6 ngay.

V& chét luong mau, ¢ 9.342 truong hop dat tiéu chuan QC vé fetal fraction
(FF) va nhan duoc két qua NIPT, trong khi 366 truong hop khong dat QC duoc ghi
nhan 1a khong ¢ két qua. Trong sd cac mau co két qua, 9.072 truong hop duoc xép
nhém binh thudng va 270 trudong hop thudc nhém nguy co cao. Do 366 mau khong
dat QC khong thé phan loai 1 binh thudng hay bat thudng, cic phan tich gia tri sing
loc chi dugc thuc hién déy du ddi véi nhom trisomy 13, 18 va 21. Pdi véi cac bat
thudng nhiém sac thé gidi tinh va bat thuong nhiém sic thé hiém gap, nghién ctru chii
yéu dirng & mutrc mo ta ty 1 phat hién nguy co cao trén NIPT.

Tubi trung binh cua thai phu trong nghién ctru 14 29,9 + 5,1 tudi, gan véi mot
s6 nghién ciru & chau A. Dya trén nghién ctru hoi ciru ciia Deng va cong sy trén
153.306 thai phu thuc hi¢n NIPT tai Trung Quéc ghi nhan tudi me trung vi la 29 tudi,
khoang tr phan vi 25-32 tudi [9]. Nguoc lai, mdt ) nghién ctru tai chau Au ghi nhan
tudi me trung binh cao hon, 1an luot khoang 34,4 va 35,4 tudi [98, 99]. Su khac biét
nay c6 thé lién quan dén dic diém dén sé, thoi diém sinh con va mo hinh chiam soc
thai san gitra cac khu vuc.

Ty 18 khong c6 két qua trong nghién ctru hién tai 1a khoang 3,8%, van nam
trong khoang dugc ghi nhan & nhiéu nghién ctru quéc té. Trong nghién ctru cua
Norton va cong sy, khoang 3,0% mau khong c6 két qua cfDNA, trong d6 c¢6 nhoém
FF <4%; ty 1¢ bat thuong nhiém sic thé & nhém khong cé két qua 1a 2,7%, cao hon

s0 voi 0,4% trong toan bd nhom cé cung dic diém, va riéng nhom FF <4% c6 9/192
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truong hop, tuong tng 4,7%, c6 bat thudng nhiém sic thé [100]. FF thip khong chi
1a van dé k¥ thuat ma con co thé goi ¥ nguy co 1am sang, do d6 nhom khong co két
qua can dugc tu van va theo ddi riéng, khong xem nhu két qua 4m tinh.

Trong nghién ciru hién tai, cac truong hop QC khong dat khong duoc ldy mau
lai ma duoc ghi nhdn 1a khong c6 két qua, do dit liéu phan 4nh quy trinh xét nghiém
thudng quy voi mot 1an thue hién. Vi vy, nghién ciru chua danh gia duogce ty 16 ¢6
két qua sau ldy mAu lai. Tuy nhién, nhiéu nghién ctru cho thay viéc 1y méau 1an hai
c6 thé giup cai thién dang ké ty 1& nhan duoc két qua NIPT. White va cong sy ghi
nhan khoang 53% thai phu c6 két qua sau 1an l1ay mau thtr hai khi 1an dau khong du
FF [101]. M0t nghién cuu tai Ireland trén 4.465 thai phu cling ghi nhan 4,6% trudong
hop khong c6 két qua sau 1an NIPT dau do FF khong du, nhung hon 70% trudng hop

c6 thé nhan duoc két qua sau lan xét nghi¢m thir hai hodc thir ba [102].

Béang 9. Bac diém chung ctia nhom nghién ctru

Soca  Giatritrungbinh  Giatri  Giatri

Pic diém Phan loai i ) )
(n) + d6 1éch chuan  nho nhat 16n nhat
Tudi me (tudi) 9708 29,9 +5,1 18,0 50,0
BMI (kg/m?) 9708 21,25 + 2,04 16,60 27,51
Tubi thai (tuan) 9708 10,9+ 1,2 9,0 13,6
Nong do FF QC dat 9342 16,3 5,1 4,2 42,5
(%) QC khong dat 366 -
) Binh thuong 9072 —
Két qua -
Bat thuong 270 —
NIPT

Khong c6 két qua 366 —~

3.1.2. Két qua néng do tach chiét va tao thu vién mau

Nong d6 DNA sau tach chiét ctia 9.708 mau dat trung binh 4,56 + 1,80 ng/uL,
dao dong tir 2,12-8,40 ng/uL; khoang tin cay 95% cua gia tri trung binh la 4,52—4,60
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ng/uL. Nong do DNA thu vién trung binh dat 3,13 + 1,25 ng/uL, dao dong tir 0,75—
30,00 ng/uL; khoang tin cay 95% la 3,10-3,15 ng/uL.

Két qua & Bang 10 cho thiy quy trinh tach chiét cfDNA va xay dung thu vién
duoc trién khai 6n dinh trén s luong mau 16n. Phan 16n cidc mau sau tach chiét déu
c6 ndng d6 DNA phu hop dé tiép tuc cac budc xur 1y tiép theo theo quy trinh cua
phong xét nghiém. Sau budc xay dung thu vién, ndng dd6 DNA thu vién van duy tri
& mirc dap tmg yéu cau cho cac cong doan tao ISP, 1am giau va giai trinh tu. Diéu
nay cho thdy chat lugng mau va tinh 6n dinh cta quy trinh k¥ thuat twong ddi tét

trong diéu kién xét nghiém thuong quy véi sé luong mau 16n.

Bang 10. Két qua ndng d6 tach chiét DNA tu do va ndng d 1ap thu vién
Thong tin ndng | Sb ca | Gié tri trung binh Gia tri
. ) | KTC95%
do (ng/uL) (n) + d6 1éch chuan nho nhat — 16n nhat
DNA tach chiét | 9708 4,56 + 1,80 2,12 - 8,40 4,52 — 4,60
DNA thu vién | 9708 3,13+ 1,25 0,75 -30,00 3,10-3,15

3.2. PHAN TiCH CAC YEU TO LIEN QUAN VOI DNA THAI TU DO

3.2.1. Két qua nong do FF véi nhom tudi me

Két qua nghién ctru cho thiy fetal fraction (FF) c6 su khac biét nhe giita cac
nhom tudi me. Nhom thai phy 25-29 tudi ¢ FF cao nhat voi gid tri trung binh 16,47
+ 5,04% va trung vi 16,1%, trong khi nhom 40-50 tudi co6 FF thép nhét, 1an luot 1a
15,65 + 5,39% va 15,1%. Kiém dinh Kruskal-Wallis cho thiy su khéac biét giira cac
nhém tudi co ¥ nghia thong ké (H = 17,47; p = 0,0016). Tir sau 35 tudi, FF c6 xu
hudng giam dan theo tudi me.

Két qua nay twong dong véi nghién ciru ciia Deng va cong su trén 153.306 thai
phu don thai thyc hién NIPS tai Trung Quéc. Nghién ctru ghi nhan FF gidm dan theo
tudi me, tir trung vi 12,04% & nhom <25 tudi xudng con 10,65% & nhom >40 tudi; xu
hudng niy c6 y nghia théng ké véi p <0,001 [9]. Mot s6 gia thuyét cho rang tudi me
cao co thé lién quan dén thay ddi chirc ning nhau thai hodc ting lugng cfDNA ngudn

gbc me trong tuan hoan, tir 6 1am giam ty 1é cfDNA ngudn gdc thai.
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Tuy nhién, khong phai tat ca cac nghién ctiru déu ghi nhan mdi lién quan nay.
Hestand va cong sy ndm 2019, trong nghién ctru trén 14.379 truong hop NIPT, cho
thiy tu6i me khong anh huodng rd rét dén FF, trong khi BMI va can ning me c6 moi
lién quan nghich véi chi sb nay [103]. Sy khac biét c6 thé dén tir ddc diém quan thé,
¢& méu, phan bd BMI, tudi thai tai thoi diém 1dy mau va phuong phap udce tinh fetal
fraction cua ting hé thdng xét nghiém. Mit khac, du p c6 ¥ nghia thong ké, murc
chénh léch tuyét ddi giita cac nhém tudi trong nghién ciru hién tai khong 16n. Anh
huong cua tudi me dén FF co thé khong manh bang cac yéu to khac nhu BMI, can

nang me hodc tuoi thai.

Bang 11. So sanh FF giita cac nhom tudi me
, Gia tri trung binh
Nhom tudi me n Trung vi (Q1-Q3) FF (%) .
+ d¢ 1éch chuan
18-24 1323 15,9 (12,9-19,1) 16,22 + 4,86
25-29 3357 16,1 (13,1-19,4) 16,47 + 5,04
30-34 2922 15,9 (12,9-19,2) 16,36 + 5,15
35-39 1365 15,6 (12,5-18,9) 15,99 + 5,21
40-50 375 15,1 (12,0-19,1) 15,65 + 5,39
Téng 9342 15,9 (12,9-19,2) 16,29 + 5,09

3.2.2. Phan tich néng do FF véi cac nhom tun thai

Phan tich hoi quy tuyén tinh don bién ghi nhan méi lién quan thuén giira tu6i
thai va FF. Trong khoang 9—13 tuan, khi tudi thai ting thém 1 tuan, FF trung binh
tang 0,680 diém phan trim (B = 0,680; KTC 95%: 0,600-0,760; p < 0,001). Phuong
trinh hoi quy 1a: FF = 8,78 + 0,680 x tudi thai. Hé s6 xac dinh R? = 0,028 cho thay
tudi thai chi giai thich mot phan nho bién thién cta FF trong bo sb liéu nay.

Két qua nay cho thay FF uéc tinh ting tir khoang 14,9% & tuan thai thir 9 1én
khoang 17,6% & tudn thai thtr 13. V& mit sinh hoc, xu huéng nay phu hop véi qua
trinh phat trién cua thai va nhau thai trong quy I thai ky. Khi tudi thai ting, thé tich

va hoat dong chuyén hoa cua nhau thai ting 1én, kéo theo su gia ting qua trinh chét
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theo chuwong trinh cuia t& bao nudi nhau thai, tir d6 giai phong nhiéu cfDNA ngudn
gbc nhau thai vao tuan hoan me hon.

Két qua nghién ctru hién tai twong déng voi nghién ctru cia Wang va cong su
nam 2013 trén 22.384 thai don thuc hién xét nghiém Harmony. Nhom tac gia ghi
nhén ty 1& cfDNA thai ting dan theo tudi thai trong giai doan 1021 tudn va co y
nghia thdng ké (p <0,0001) [104]. Nghién ctru ciing cho thdy khoang 2% thai phu
trong giai doan nay co fetal fraction dudi 4%. Deng va cong su, khi phan tich 153.306
thai phu thuc hién NIPS tai Trung Qudc, ciing ghi nhén fetal fraction ting theo tudi
thai va giam theo tudi me ciing nhu BMI. Trung vi fetal fraction ting tir 11,25% &
nhém 12-16 tuan 1én 11,37% & nhom 17-20 tudn, 12,32% & nhom 21-24 tudn va
15,15% & nhém >25 tudn; xu hudng ting theo tudi thai co y nghia thong ké [9]. Tac
gia giai thich rang khi tudi thai tang, thé tich nhau thai 16n déan, s6 té bao nudi nhau
thai chét theo chuong trinh ciing ting, qua d6 giai phong nhiéu cfDNA thai hon vao
mau me¢ [9].

Trong nghién ctru hién tai, mic du méi lién quan giita tudi thai va FF ¢6 y
nghia théng ké, hé sb xac dinh R? chi bang 0,028. Tudi thai chi giai thich dugc khoang
2,8% bién thién ctia FF. Tudi thai c6 anh hudong dén FF nhung khong phai 13 yéu t6
quyét dinh chinh. Trén biéu dd, & cing mot tuan thai, FF van dao dong rat rong giira
céc thai phu. FF can duogc xem xét cung nhiéu yéu t6 khac nhu BMI hodc can ning
me, tudi me, dic diém nhau thai, tinh trang thai, k¥ thuat tach chiét, phuong phép lap

thu vién, d0 sau giai trinh ty va thuat toan tinh fetal fraction.
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3.2.3. Két qua ndéng do FF voi chi s6 BMI

Phan tich fetal fraction (FF) theo nhém BMI dugc thuc hi¢n trén 9.342 mau
dat tiéu chuan QC. Nhém BMI binh thuong (18,5-22,9 kg/m?) chiém ty 1& 16n nhat
v6i 6.277 truong hop, trong khi nhém BMI >25,0 kg/m? ¢6 s6 lwong it nhét véi 300
truong hop. FF trung binh ctia toan b nhom dat QC 1a 16,29 + 5,09%, trung vi 15,9%
(12,9-19,2%). Kiém dinh Kruskal-Wallis khong ghi nhén sy khac biét co y nghia
thong ké vé FF giita cac nhom BMI (H = 1,85; p = 0,6051).

Nhiéu nghién ciru cho thiy BMI ctia me ¢6 lién quan nghich véi ty 16 DNA
thai tuy do. Khi BMI tang, dac biét & nhom thtra can hodc béo phi, FF thuong c6 xu
hudng gidm. Mat giai thich dugc dua ra 1a & phu nit c6 BMI cao, m6 md tang hoat
dong viém muc d6 thip va ting chét té bao, 1am giai phong nhiéu cfDNA c6 ngudn
gbc tir me vao tudn hoan. Khi luong ¢fDNA cta me tang, phan cfDNA c¢6 ngudn goc

nhau thai bi pha lodng twong ddi, dan dén FF giam. Nghién ctru cua Haghiac va cong
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su cho thay & phu nit mang thai béo phi, mé m& c6 hoat dong viém va chét té bao
tdng, tor 46 lam tang gidi phong cfDNA cua me vao mau [105]. Tuong tu, nghién ctru
cua Poon va cdng su trén 1.949 thai don & tudi thai 11-13 tuan ghi nhan cfDNA thai
¢6 tuong quan nghich véi can nang me, trong khi cfDNA ngudn gc me lai ting theo
can ning [106]. Tac gia nhan dinh sy giam cfDNA thai theo c4n ning c6 thé lién quan
dén hiéu tng pha lodng, con su ting cfDNA me lién quan dén qua trinh tai cdu trac
va ting chuyén hoa té bao m& [106].

Tuy nhién, trong nghién ctru hién tai chua ghi nhan sy khéc bi¢t c6 y nghia
thong ké cua FF gitta cac nhom BMI. Két qua nay khac véi nghién ctru ctia Deng va
cong su nam 2023 trén hon 153.000 thai phy, trong d6 FF giam r6 rét khi BMI tang
va xu hudng nay cé y nghia thong ké (p <0,001) [9]. Su khéac biét giita cac nghién
ctru c6 thé lién quan dén dic diém quan thé nghién ciru. Trong nghién ctru hién tai,
BMI trung binh cta thai phu chi & muc 21,25 + 2,04 kg/m? va phan 16n tap trung
trong khoang binh thudng, trong khi s6 truong hop BMI >25 kg/m? con tuong ddi it.
Ngoai ra, nghién ctru cua Deng tach riéng nhém BMI >30 kg/m?, tirc nhém béo phi
r0 hon, anh hudng cua BMI Ién FF dugc thé hién r0 rang hon.

Két qua cua nghién ctru hién tai khong phu nhan vai tro cua BMI ddi voi FF
ma cho thdy anh hudng nay c6 thé chua biéu hién 16 trong quan thé chu yéu c6 BMI

binh thuong hoac chi tang nhe.

Bang 12. So sanh nong d6 FF giita cic nhom chi s6 BMI
Gia tri trung binh
Nhom BMI (kg/m?) n Trung vi (Q1-Q3), FF (%) )
+ d0 1éch chuan
<18.,5 1080 16,0 (13,0-19,2) 16,27 = 5,07
18,5-22,9 6277 15,9 (12,8-19,2) 16,25 + 5,06
23,0-24,9 1685 16,0 (13,0-19,3) 16,49 + 5,21
>25,0 300 16,0 (12,7-19,6) 16,30 + 5,20
Tong 9342 15,9 (12,9-19,2) 16,29 + 5,09
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3.2.4. Két qua sang loc trudc sinh tir tuan thir 9

Trong 2.194 trudng hop duoc thyc hién NIPT & tudi thai 9 tuln, c6 2.111
truong hop nhan duoc két qua, chiém 96,22%, va 83 truong hop khong c6 két qua,
chiém 3,78%. O nhém tudi thai 10—13 tuan, ty 1& c6 két qua 13 96,23% va ty 1¢ khong
c6 két qua 1a 3,77%. Kiém dinh Chi-square Pearson cho thay su khac biét giita hai
nhoém khong ¢ ¥ nghia théng ké (p = 0,971). Két qua nay cho thay trong diéu kién
quy trinh xét nghiém cta nghién ctru hién tai, NIPT c6 thé duoc trién khai tir tuan
thai thir 9 véi ty 16 tra két qua twong dwong nhém tudi thai 10-13 tuan.

Tuoi thai trung binh tai thoi diém 1y mau trong nghién ctru 12 10,9 + 1,2 tun,
dao dong tir 9 tudn 0 ngay dén 13 tudn 6 ngdy. Khoang tudi thai nay cho thay xét
nghiém chu yéu dugc thuc hién trong quy I thai ky, phu hop véi muc tiéu sang loc
som nham tao thém thoi gian cho tu van va cac budc chan doan tiép theo néu phat
hién nguy co cao. Trong thuc hanh 1am sang, nhiéu thai phu c¢6 nhu cau thyuc hién
NIPT ngay tir tuan thai thar 9 dé som c6 thém thong tin theo ddi thai ky, do d6 kha
nang trién khai xét nghiém & giai doan sém c6 ¥ nghia thyc tién quan trong.

Két qua ctia nghién ctru hién tai twong dong véi nghién ciru cia Zhang va cong
su trén 146.958 thai phy, trong d6 NIPT cling dugc thuc hién tur tuan thai tha 9 [107].
Tuy nhién, nghién ciru ciia Zhang c6 khoang tudi thai rong hon, tir 9—36 tuan va chil
yéu tap trung ¢ quy II, trong khi nghién ctru hién tai chl yéu thyc hién trong quy L
Dar va cong sy nam 2022 ghi nhan tudi thai trung vi khi léy mau 13 12,6 tuan, cao
hon khoang 1-2 tuan so vai nghién ctru hién tai [108]. Vigc léy mau & tudi thai s6m
c6 thé 1am ting nguy co khong c6 két qua do fetal fraction thdp. Trong nghién ctru
hién tai, ty 1€ khong co két qua 1a khoang 3,77%, twong duong vdéi ty 1€ 3,4% duogc
Dar va cOng su bdo cdo sau lan 1dy mau dau tién [108]. Mic du ty 1é tra két qua ¢
nhém 9 tuan twong duong nhém 10—13 tuan, cac trudng hop ldy mau sat mbc 9 tuan
van can duoc tu van trude vé kha nang FF thip va nguy co phai lay lai miu néu két

qua khong dat tiéu chuan chat luong.

Bang 13. So sanh ty 1¢ tra két qua NIPT giita nhom 9 tuan va nhém 10—13 tuan
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Thong tin Nhom 9 tuan | Nhém 10-13 tuan p
n 2194 7514
C6 két qua NIPT, n (%) | 2111 (96,22) 7231 (96,23)
Khong c6 két qua, n (%) 83 (3,78) 283 (3,77) 0o
Két qua binh thuong, n (%) | 2040 (92,98) 7032 (93,58)
Két qua bat thuong, n (%) 71 (3,24) 199 (2,65)

3.3. KET QUA SANG LOC TRUOC SINH KHONG XAM LAN

3.3.1. Két qua phat hién bat thudng léch boi NST thudng gip

Trong 9.342 méu c6 két qua NIPT, nhom 1éch boi nhiém sic thé (NST) thudng
gip gdm trisomy 13, trisomy 18 va trisomy 21 dugc ghi nhan ¢ 101 trudng hop,
chiém 1,08%. Trong do, trisomy 21 13 bat thuong gip nhiéu nhit véi 69 trudng hop,
chiém 0,74% s6 mau c6 két qua NIPT va 68,32% trong nhom bat thuong NST thuong
gip. Tiép theo la trisomy 18 véi 22 trudng hop (21,78%) va trisomy 13 v6i 10 trudng
hop (9,90%).

Két qua nay cho thay trisomy 21 1a dang 1éch boi NST thudng gip nhét trong
quan thé nghién ctru, pht hop véi xu hudng duge ghi nhan trong nhiéu nghién ciru
NIPT trén thé gi6i. Zhang va cong s, trong nghién ctru trén 146.958 mau NIPT, ghi
nhan sb truong hop duong tinh véi trisomy 21, 18 va 13 1an luot 1a 781, 218 va 67
truong hop [107]. Néu tinh riéng trong nhém ba trisomy thuong gip, trisomy 21
chiém khoang 73,26%, trisomy 18 chiém 20,45% va trisomy 13 chiém 6,29%. Phan
bd nay kha twong dong v6i nghién ctru hién tai, dic biét ¢ diém trisomy 21 chiém ty
1¢ cao nhat, con trisomy 13 chiém ty 1& thap nhat.

Két qua nghién cru hién tai ciing gan twong tu nghién ctru ciia La Verde va
cong su tai Y trén 36.456 thai ky. Tac gia ghi nhan 254 truong hop trisomy 21, 69
truong hop trisomy 18 va 33 truong hop trisomy 13 [98]. Ty 1é twong tng trén tong
s mau 1an luot khoang 0,70%, 0,19% va 0,09%, kha gan vai két qua ctia nghién ctru

hién tai 13 0,74%, 0,24% va 0,11% khi tinh trén s6 mau c6 két qua NIPT.
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Sy twong ddng giita cac nghién ctru cho thay trisomy 21 van 1a bit thudng
NST thudng gip nhét dugc phat hién qua NIPT trong nhiéu quan thé khac nhau. Diéu
nay pht hop vé6i dic diém dich t& hoc cua trisomy 21 trong thai ky ciing nhu kha ning

sdng sot cao hon cua thai trisomy 21 so véi trisomy 18 va trisomy 13.

Bang 14. Phan bd cac bat thuong 1éch boi NST thuong gip
, , Trén sé mau co6 két qua Ty I¢ trong nhém
Loai bat thuong | SO ca (n)
NIPT, n (%) NST thuong gap (%)
NST 13 10 10/9342 (0,11) 9,90
NST 18 22 22/9342 (0,23) 21,78
NST 21 69 69/9342 (0,74) 68,32
Tong 101 101/9342 (1,08) 100

3.3.2. Két qua phat hién bat thudng léch boi NST hiém gip

Trong 9.342 mau c6 két qua NIPT, nhom bat thudng 1éch bdi nhidm sic thé
(NST) hiém gip dugc ghi nhan ¢ 37 truong hop, chiém 0,40%. Trong d6, bat thudong
lién quan NST 7 gdp nhiéu nhét véi 13 truong hop, chiém 35,13% trong nhom bat
thuong hiém gip. Cac bit thudng con lai phan bd rai rac ¢ nhiéu NST khéac nhau nhu
NST 16, NST 10, NST 15, NST 4, NST 14, NST 20 va NST 22; ngoai ra con ghi
nhan mot so truong hop bat thuong phdi hop gitra NST 7 va NST 8.

Céc nghién ctru trude day cho thdy nhom bat thuong NST hiém gip thuong
¢6 y nghia 1am sang phirc tap va gid tri tién doan duong thap hon so véi trisomy 13,
18 va 21. Do c¢fDNA trong mau me chil yéu c6 ngudn goc tir nhau thai, két qua NIPT
nguy co cao d6i voi cac bat thudng nay co thé phan anh tinh trang kham gidi han ¢
nhau thai thay vi bat thuong that su ¢ thai nhi. Vi vay, cac két qua nay chi dugc xem
1a két qua sang loc va can duoc tu van di truyén, theo ddi siéu 4m ciing nhu x4c nhan
bﬁng cac xét nghiém chan doan xam 14n khi can thiét. Theo hi€p hdi san phu khoa
Hoa Ky (ACOG) ciing nhin manh ring két qua NIPT nguy co cao khong dugc sir
dung nhu co sé duy nhat dé dua ra quyét dinh 1am sang ma can duoc xac nhan bang

sinh thiét gai nhau hodc choc di [5].
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Trong nghién ctru hién tai, nhom bat thudng NST hiém gip chua duge phan
tich xac nhan chan doan day du, do d6 két qua chi phan anh ty 18 phat hién nguy co
cao trén NIPT, chua thé két luan 1a bat thuong that ¢ thai va ciing chua du co s¢ dé
tinh PPV, d0 nhay hodc do dac hi¢u cho nhom nay.

Két qua nghién ctru hién tai twong dong v6i nghién ctru cua Pertile trén 89.817
thai phu, trong do6 ty 1& phat hién bat thuong NST hiém gip 1a 0,34% va cac NST
thuong gap gdm NST 7, 15, 16 va 22 [62]. Tuong tw, Yan khi phan tich 33.079 truong
hop NIPT ciing ghi nhan NST 7 13 bat thuong pho bién nhét trong nhom léch boi NST
hiém gip [109]. Cac truong hop dugc chan doan trudc sinh trong nghién ctru nay
khong xac nhan bat thudng tuong Ung o thai, goi ¥ rang nhiéu tin hiéu RATSs trén
NIPT c6 thé bat nguén tor kham gidi han ¢ nhau thai hon 1a bat thuong that sy cua

thai [, 62, 109].

Bang 15. Két qua phat hién bat thuong léch boi NST hiém gip

Loai bat thuong | Sé ca (n) | Trén sé mau c6 két qua NIPT, n (%) | Ty 1é (%)
NST 3 1 1/9342 (0,01) 2,70
NST 4 2 2/9342 (0,02) 5,41
NST 7 13 13/9342 (0,14) 35,13

NST 7 va NST 8 2 2/9342 (0,02) 5,41
NST 8 1 1/9342 (0,01) 2,70
NST 9 1 1/9342 (0,01) 2,70
NST 10 3 3/9342 (0,03) 8,11
NST 11 1 1/9342 (0,01) 2,70
NST 14 2 2/9342 (0,02) 5,41
NST 15 3 3/9342 (0,03) 8,11
NST 16 4 4/9342 (0,04) 10,80
NST 20 2 2/9342 (0,02) 5,41
NST 22 2 2/9342 (0,02) 5,41
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Téng 37 37/9342 (0,40) 100

3.3.3. Két qua phat hién bat thuong léch boi NST gidi tinh

Trong nghién ctru hién tai, bt thudng léch boi nhiém sic thé (NST) gidi tinh
duogc phat hién ¢ 132/9.342 mau c6 két qua NIPT, chiém 1,41%. Trong d6, 45,X 1a
bat thuong gip nhiéu nhat v6i 90 truong hop, twong tng 0,96% s6 mau c6 két qua
NIPT va 68,18% trong nhom bat thudng NST gidi tinh. Cac bat thuong con lai ¢ ty
1¢ thap hon, gom 47,XYY voéi 18 trudng hop, 47, XXX véi 14 trudng hop va 47,XXY
v6i 10 trudng hop. Két qua nay cho thiy bat thuong lién quan dén mat mot NST X 1a
nhoém dugc phét hién nhiéu nhat trong cac két qua NIPT nguy co cao dbi véi léch boi
NST gidi tinh.

Xu huéng nay twong dong véi nhiéu nghién ciru trén thé gidi. Deng va cong
su, trong nghién ctru trén 50.301 thai phuy, ghi nhan 308 trudng hop nguy co cao bat
thuong NST giéi tinh, chiém 0,61%; trong d6 45,X 1a nhom thuong gip nhét, cao
hon cac nhoém 47,XXY, 47, XXX va 47,XYY [110]. Tuy nhién, ty 18 phat hién bat
thuong NST gidi tinh trong nghién ctru hién tai cao hon nghién ctru cia Deng. Su
khac biét nay c6 thé lién quan dén dic diém quan thé nghién ctru, tiéu chi chi dinh
NIPT, thuit toan phan tich, ngudng két luan nguy co cao va cach lwa chon méu sb
giita cac hé thong xét nghiém khac nhau.

Mot s6 nghién ctru ciing cho thidy mic du 45,X thudng dugc bao cdo nhiéu
nhat trong nhom bat thuong NST gidi tinh trén NIPT, nhung gié tri tién doan duong
(PPV) ciia nhém nay thuong thip hon cic trisomy NST gi6i tinh. Lu va cong su, trén
45.773 thai phy, ghi nhan PPV cua 45,X thép hon ro rét so véi1 cac nhom 47, XXX,
47,XXY va47, XYY [5]. Két qua tuong tu ciing dugc bao cdo boi Kim va cong su tai
Han Quéc trén 9.176 thai phy, trong d6 PPV cua 45,X chi dat 18,75%, thép hon dang
ké so vi cac bat thuong trisomy NST gi6i tinh khac [111]. Piéu nay c6 thé lién quan
dén dic diém sinh hoc ctia ¢fDNA, tinh trang kham gii han ¢ nhau thai, kham NST
gidi tinh & me hodic mat NST X do tudi me, lam ting nguy co duong tinh gia ddi véi

monosomy X.
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Két qua nghién ctru hién tai phu hop voi xu huéng chung khi 45,X 1a bt
thuong NST gi6i tinh duoc ghi nhan nhiéu nhat trén NIPT [5, 62, 109-111]. nhém
bat thudng NST gi6i tinh chua duge dwa vao phén tich hiéu ning sang loc chinh cta
nghién ciru. Vi vy, két qua hién tai chi phan 4nh ty 18 phat hién nguy co cao trén
NIPT, chua du co so dé danh gia PPV, ty 1é dwong tinh gia hay d6 chinh xac thuc sy

cua xét nghiém doi véi nhom bat thuong nay.

Bang 16. Két qua phat hién léch boi NST gidi tinh
Loai bat thudng | S6 ca (n) | Trén s6 mau co két qua NIPT, n (%) | Ty 18 (%)
45X 90 90/9342 (0,96) 68,18
47,XYY 18 18/9342 (0,19) 13,63
47, XXX 14 14/9342 (0,15) 10,61
47,XXY 10 10/9342 (0,11) 7,58
Tong 132 132/9342 (1,41) 100

3.4. GIA TRI SANG LOC CUA XET NGHIEM NIPT

3.4.1. Két qua xac nhan chan doan nhom nguy co cao T13/T18/T21

Trong 101 truong hop NIPT nguy co cao thudc nhém trisomy 13, 18 va 21, c6
74 trudong hop dugc xac nhan 1a duong tinh that va 27 truong hop 1a duong tinh gia.
Gia tri tién doan duong (PPV) chung ctia nhom nay dat 73,27% (KTC 95% Wilson:
63,90-80,93%).

Bang 17. Két qua xdm lan xac nhan NIPT nguy co cao nhom NST thudng gap.

Loai S ca Duong tinh that | Duong tinh gia PPV, %
bét thuong | duong tinh (TP) (FP) (KTC 95%)
30,00
Trisomy 13 10 3 7

(10,78-60,32)

50,00
(30,72-69,28)

Trisomy 18 22 11 11
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86,96
Trisomy 21 69 60 9
(77,03-92,98)
) 73,27
Tong 101 74 27
(63,90-80,93)

PPV: Gia tri tién doan duwong = TP/(TP+FP)

KTC 95%: khoang tin cdy 95% theo phwong phap Wilson
Khi phén tich theo timng bat thudng, trisomy 21 c¢6 PPV cao nhat, dat 86,96%.

Két qua nay twong doéng v6i nhidu nghién ciru quéc té nhu Liu va cong su (86,1%)
hay Lu va cong su (86,81%), dong thdi nam trong khoang duoc Dar va cong sy bao
céo. Piéu nay cho thdy két qua NIPT nguy co cao ddi voi trisomy 21 ¢6 db tin cay
tuong d6i cao va phu hop v6i xu hudng chung trén thé giéi. PPV cua trisomy 21
thudng cao hon céc trisomy khac do tan suat bénh cao hon, dong thoi tin hiéu léch
boi trén NIPT thuong rd rang va on dinh hon.

Déi véi trisomy 18, PPV trong nghién ctru hién tai dat 50,00%, thép hon két
qua ctia Zhang va cong su (76,61%) va Petersen va cong su (76%), nhung twong ddi
gan vai Liu va cong su (57,8%) ciling nhu Lu va cong su (56,81%). Trong nghién ctru
nay, khoang mot nira sé trudng hop NIPT nguy co cao T18 duoc xac nhan 13 duong
tinh that. Két qua cho thay NIPT van c6 gia tri quan trong trong sang loc trisomy 18,
tuy nhién khong thé sir dung nhu xét nghiém chan doan cudi cuing. Su khac biét gitra
cac nghién ctru co thé lién quan dén dic diém quén thé, tudi me, chi dinh thuc hién
NIPT, ty 1 bat thudng siéu 4m di kém cling nhu phuong phéap xac nhan sau sang loc.

Trisomy 13 13 nhém c6 PPV thap nhat, dat 30,00%, thap hon T21 va T18
nhung tuong dbi gan v6i mot s6 nghién ctru 16n nhu Zhang va cong su (32,84%) va
Liu va cong su (25,0%), dong thdi cao hon két qua cua Lu va cong su (18,18%).
Trong nghién ctru hién tai chi c6 10 truong hop NIPT nguy co cao T13, gdm 3 trudng
hop duong tinh that va 7 truong hop duong tinh gia. Vi vay, PPV ctia nhom nay di
kém khoang tin cdy rong, phan anh mirc d6 khong chic chin do ¢& miu nho.

Xu huéng PPV cao nhét & trisomy 21, tiép theo 1a trisomy 18 va thap nhat &

trisomy 13 pht hop véi nhiéu nghién ciru qudc té. Céc trudng hop dwong tinh gia c6
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thé lién quan dén kham giéi han & nhau thai, bat thudng nhiém sic thé c6 ngudn gdc
tor me, song thai tiéu bién hodc su khéac biét sinh hoc gitra cfDNA nguén géc nhau
thai va bo nhiém sic thé thuc su cua thai. Zhang va cong su cling ghi nhan bién di
s6 ban sao & me va kham nhau thai 13 nhitng nguyén nhin quan trong gay két qua

NIPT duong tinh gia hoac am tinh gia [107].

Bang 18. So sanh gia tri tién doan duong ciia nhém T13/T18/T21
Nghién ctuu Cd& mau (n) PPV T21 PPV T18 PPV T13
Nghién ctru hién tai 101 86,96% 50,00% 30,00%
Zhang va cs [107] 909 92,19% 76,61% 32,84%
Petersen va cs [112] 450 84% 76% 45%
Liuvacs[113] 217 86,1% 57,8% 25,0%
Dar va cs [108] 133 85,7-97,5% | 50,0-81,3% | 62,5-83,3%
Luvacs[114] 746 86,81% 56,81% 18,18%
PPV: Gid tri tién dodn dieong, C& mdu trong bang la sé trieong hop NIPT nguy
co cao T13/T18/T21 c6 két qua xdc nhdn chan dodn.

3.4.2. Gia tri sang loc cua xét nghiém NIPT ddi véi nhém T13/T18/T21

Phan tich gia tri sang loc dbi voi nhom trisomy 13, 18 va 21 dugc thyc hién
trén 9.342 mau c6 két qua NIPT. Trong d6, c¢6 101 trudng hop dugc phan loai nguy
co cao ddi voi T13/T18/T21, gdm 74 truong hop duong tinh that va 27 trudng hop
duong tinh gia. Tong sb truong hop am tinh d6i voi nhoém bat thudng nay 1a 9.241,
bao gébm 9.072 mau nguy co thap va 169 mau nguy co cao thudc nhom bat thudng
NST gi¢i tinh hodc bat thuong NST hiém gip nhung khdéng duong tinh véi
T13/T18/T21. Trong thoi gian theo doi, nghién ctru chua ghi nhan truong hop am
tinh gia.

Két qua cho thdy NIPT c6 hiéu niang sang loc rat cao d6i v6i nhom
T13/T18/T21, véi d6 nhay dat 100,00% (KTC 95% Wilson: 95,07-100,00), do dac
hiéu 99,71% (KTC 95% Wilson: 99,58-99,80), gia tri tién doan duong (PPV) 73,27%
(KTC 95% Wilson: 63,90-80,93) va gia tri tién doan am (NPV) 100,00% (KTC 95%
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Wilson: 99,96-100,00). Ty 1I¢ duong tinh gia 1a 0,29% va chua ghi nhan trudong hop
am tinh gia trong pham vi theo ddi ctia nghién ctru. Nhiing két qua nay cho thay phan
16n thai phu khong mang bét thuong T13/T18/T21 dugc phan loai dung vao nhom
nguy co thap, dong thoi da s6 trudng hop nguy co cao thuc sy c6 bat thuong khi dugc
xac nhan bang xét nghiém chan doan.

Tuy nhién, két qua NIPT nguy co cao van can duoc xem 1 két qua sang loc
chtr khong phai chan doan cudi cung. Hiép hoi san phu khoa Hoa Ky khuyén céo rang
cac truong hop NIPT duong tinh can dugc tu van di truyén, danh gia siéu 4m va xac
nhan bing cac xét nghiém chan doan nhu sinh thiét gai nhau hodc choc 6i trude khi
dua ra quyét dinh 1am sang [5]. Trong nghién ctru hién tai, c6 27/101 trudng hop nguy
co cao duoc xac dinh 13 duong tinh gia, cho thay du ty 1¢ duong tinh gia thp, xét
nghiém chan doan xac nhan van 1a budc bat budc trong thuc hanh 1am sang.

Két qua ciia nghién ctru hién tai twong déng voi nhiu nghién ciru 10n trén thé
gio1. Lu va cong su nam 2024, trén 282.911 thai phy, ghi nhan d nhay cua NIPT ddi
voi T21, T18 va T13 lan lugt 12 99,25%, 98,33% va 100,00%; do dic hi¢u déu xap xi
99,97-99,98% [114]. PPV tuwong tng 14 86,81% d6i véi T21, 56,81% d6i v6i T18 va
18,18% ddi v6i T13. So vai nghién ciru ndy, PPV chung 73,27% ctia nghién ciru hién
tai & muc tuong ddi cao. Tuy nhién, PPV phu thudc nhiéu vao tung loai trisomy cling
nhu ty 1é timg bat thuong trong quan thé nghién ctru. Trisomy 21 thuong c6 PPV cao
hon do tan suat bénh cao hon va tin hiéu 1éch bdi 6n dinh hon, trong khi trisomy 13
dé chiu anh hudng bdi tan sudt bénh thip va cac yéu té sinh hoc nhu kham gidi han
o nhau thai [115].

Két qua NIPT 4m tinh khong loai trir tuyét ddi tit ca bat thudng nhiém séc thé.
Trong nghién ctru quy md 16n ciia Zhang va cong su trén 146.958 thai phy, nhoém tac
gia ghi nhan 9 truong hop 4m tinh gia, gdm 6 trudng hop trisomy 21 va 3 trudng hop
trisomy 18. D nhay cua NIPT van rat cao, 1an luot 13 99,17% ddi véi T21, 98,24%
d6i v6i T18 va 100,00% d6i v6i T13 [107]. So voi nghién ciru cia Zhang, nghién ctru
hién tai chua ghi nhan am tinh gia, d0 nhay va gia tri tién doan am déu dat 100,00%

trong pham vi theo ddi. Sy khac biét co thé lién quan dén ¢ mau, sb ca bénh thuc su,
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thoi gian theo doi va cach xac nhan nhém am tinh. Nghién ctru cua Lu va cOng su
nam 2024 trén 282.911 thai phu cling ghi nhan 7 truong hgp dm tinh gia trong nhom
T13/T18/T21, du d6 nhay van duy tri & murc rat cao. Ngoai ra, Zhao va cong su nim
2023 md ta hai truong hop NIPT 4m tinh gia ddi véi trisomy 21 trén nén tang giai
trinh ty ban dan; cac trudng hop nay dugc cho 1a 1ién quan nhiéu dén co ché sinh hoc,
dac biét 1a kham nhau thai, hon 1 18i k¥ thuat don thuan [116].

Diéu ndy c6 y nghia quan trong vi ¢fDNA trong méu me cha yéu c6 ngudn
géc ttr nhau thai. Néu bat thuong ton tai & thai nhung khong hién dién hodc chi hién
dién véi ty 1¢ thap trong 16p té bao nhau thai giai phong cfDNA vao tuan hoan me,
NIPT c6 thé cho két qua nguy co thap du thai thuc sy bat thudng. Ngoai kham nhau
thai, cac yéu td nhu fetal fraction thép, tudi thai sém, BMI me cao, kham & thai hodc

bat thudong cau triic NST ciing ¢6 thé lam tang nguy co am tinh gia [117].

Bang 19. Gia tri sang loc ciia NIPT ddi v6i nhém T13/T18/T21
Thong tin S ca (n), ty 18 (%) KTC 95%
Duong tinh that (TP) 74
Duong tinh gia (FP) 27
Am tinh tht (TN) 9241 _
Am tinh gia (FN) 0
Do nhay = TP/(TP+FN) % 100 74/74 (100,00) 95,07-100,00
Do dac hiéu = TN/(TN+FP) x 100 | 9241/9268 (99,71) 99,58-99,80
Gia tri tién doan duong (PPV) 74/101 (73,27) 63,90-80,93
Gia tri tién doan am (NPV) 9241/9241 (100,00) 99,96-100,00
Ty 1¢ duong tinh gia 27/9268 (0,29) 0,20-0,42
Ty 1€ am tinh gia = FN/(TP+FN) 0/74 (0,00) 0,00—4,93
KTC 95%: khoang tin cdy 95%, Wilson,; TP: duwong tinh that; FP: duong tinh
gia; TN: am tinh that;, FN: am tinh gia.
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KET LUAN

Dua trén hai muc tiéu chinh cua dé tai, nghién ctru rat ra céac két luan sau:

Nghién ctru dugc thuc hién trén 9.708 thai phu mang thai don & tudi thai tir 9
tudn 0 ngay dén 13 tuan 6 ngdy. Tudi me trung binh 14 29,9 + 5,1 tudi, BMI trung
binh 21,25 + 2,04 kg/m2. C6 9.342 mau dat QC va c6 két qua NIPT, trong khi 366
mau khong dat QC duoc ghi nhan 13 khong c6 két qua. Trong sb 9.342 mau co két
qua NIPT, ghi nhan 9.072 truong hop binh thuong va 270 truong hop NIPT nguy co
cao.

Két qua nghién ctru hién tai cho théy NIPT c6 thé thuc hién tir tuan thai thir 9
trong diéu kién quy trinh xét nghiém cuia nghién ctru nay. Ty 18 tra két qua & nhém 9
tuan 1a 96,22%, gan tuong duong nhém 10—13 tuan 1a 96,23%; sy khac biét khong
¢6 ¥ nghia thong ké voi p = 0,971.

1. Vé cac yéu to lién quan dén ty 1¢ DNA thai tu do

- Nghién ctru ghi nhan FF c6 sy khac biét co ¥ nghia théng ké giita cac nhom
tudi me. Nhom 25-29 tudi c6 FF cao nhit, trong khi nhém 40-50 tudi c6 FF thap
nhat.

- Tubi thai c6 mbi lién quan thuan véi FF; khi tudi thai tdng thém 1 tuan, FF
trung binh ting khoang 0,680 diém phan tram, tuy nhién hé s6 R2 chi dat 0,028, cho
thdy tudi thai chi giai thich duoc mot phan nho su bién thién cua FF.

- Déi v6i BMI, nghién ctru chua ghi nhan sy khéc biét c6 y nghia thong ké vé
FF gitta cac nhém BMI véi (H = 1,85; p = 0,6051).

2. V& gia tri sang loc cia NIPT ddi v6i nhom T13/T18/T21 va md ta cc bat
thuong khac:

- Trong 9.342 méu c6 két qua NIPT, nghién ctru ghi nhan 270 truong hop NIPT
nguy co cao, chiém 2,89%. Trong d6, nhém T13/T18/T21 ¢6 101 truong hop
(1,08%), nhom bat thuong NST hiém gip c6 37 trudng hop (0,40%) va nhom bat
thuong NST gidi tinh c6 132 truong hop (1,41%). Riéng nhém T13/T18/T21 c6 PPV
chung 73,27%, cao nhét & T21 voi 86,96%, tiép theo 1a T18 50,00% va T13 30,00%.
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- Pbi voinhom T13/T18/T21, NIPT dat d6 nhay 100,00%, d6 dac hiéu 99,71%,
NPV 100,00% va chua ghi nhan am tinh gia trong pham vi theo ddi. Do van co ty 1&
duong tinh gia, cac trudng hop NIPT nguy co cao can duogc tu van di truyén va xac
nhan bang chan doan trude sinh xam 14n trudc khi dwa ra quyét dinh 1am sang.

Y nghia khoa hoc chinh:

- Panh gia kha ning thyc hién NIPT & tuan thai tht 9.

- Phan tich mdi lién quan giita FF v6i cac yéu té ciia me trén ¢d mau 1on.

- Cung cap dir liéu sang loc NIPT trén quan thé Viét Nam.
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KIEN NGHI

- C6 thé trién khai NIPT trong sang loc trudc sinh tir tudn thai thir 9 khi miu dat
tiéu chuan chat luong va ty 1¢ DNA thai tu do dii ngudng phén tich. Can tu van rd
cho thai phu rang NIPT 13 xét nghiém sang loc, khong thay thé xét nghiém chan doan.

- Céac trudng hop NIPT nguy co cao, dic biét voi T13/T18/T21, can duoc tu van
di truyén va xac nhan béng chan doan trude sinh xAm 14n nhu choc i hodc sinh thiét
gai nhau trude khi dua ra quyét dinh 1am sang.

- Pdi v6i cac mau khong co két qua do FF thap hoic QC khong dat, can co quy
trinh tu van, theo ddi va léy mau lai.

- Tiép tuc thuc hién cac nghién ciru co theo ddi day du, dic biét voi nhom bat
thuong NST gi6i tinh va NST hiém gdp, nham danh gia chinh xac hon gié tri sing

loc cia NIPT d6i1 véi cac nhom nay.
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Phu luc 1

‘ PHIEU PONG THUAN XET NGHIEM
SANG LQOC TRUOC SINH KHONG XAM LAN — NIPT

L. THONG TIN THAI PHU

Ho tén thai phu: .....cccoeeviii TUOY/NAM SINN: e,
Piachi: ..coooviiii, Di€n thoal ..oevvveeiiiiiiii e,
Can NaAng: .....ooevvvvveeeieeeeiienns ChIBU CAO: oo
Tuan thai: ...... tuan..... ngdy;  Tién st mang thai:.........cocccovoeveveveeeeeeeeeeeeeenn,

Thu thai ty nhién: ....... ; IVF: ... Ong EDTA (bao quan 2-8°C, <24 gid)
Két qua siéu 4m ngay: ........ Mot thai: .......... Song thai: ....... ; Pa thai: .............
Mang thai lan thu: ... Thoi gian ldy mau: .... gid, ngay .... thang ... nim .....

[I. THONG TIN VE XET NGHIEM

- NIPT la xét nghiém sang loc di truyén thuc hién trén mau mau me, c6 do
chinh xéc cao dbi voi cac 1éch boi NST 13, 18 va 21. Tuy nhién, diy khong phai 1a
xét nghiém chan dodn, vi vdy van c6 kha nang duong tinh gia hodc am tinh gia.

- Két qua xét nghiém chi c6 gia tri d6i v6i mau mau da dugc tiép nhan va phan
tich. Hiéu nang sang loc d6i voi bat thuong NST gidi tinh va cac NST khéc c¢6 thé
thay doi tiy ting loai bat thudng. Véi thai d6i, da thai hodc thai tiéu bién, két qua
chi c6 gia tri tham khao va can duge béc si tu van cu thé.

- Mot s6 nguyén nhan c6 thé 1am két qua khong chinh xac gom: thé kham,
kham nhau thai, ty I1¢ DNA thai ty do trong mau me thép, tudi thai dudi 9 tuan, da
thai hodc thai tiéu bién, mau khong dat chat lwong do huyét tan/bao quan khong
ding cach, me méc bénh 1y ac tinh, da truyén mau hoac ghép tang.

- Két qua “nguy co cao” hoic “bat thudng” cAn duoc xac nhin bing xét nghiém
chan doan trude sinh trén dich i hodc sinh thiét gai nhau, chang han Karyotype,
FISH, QF-PCR hodac CNV-seq, tuy chi dinh 1am sang.

- Titca thong tin cua thai phu dugc bdo mat, ma hoa va chi st dung cho muc

dich xét nghiém/nghién ctru theo quy dinh.

San phu ky tén
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Phu luc 2

Tach chiét DNA va xdy dung thw vién cho miu 6i (CNV-seq)

Tién xir Iy

Mau dich 6i dugc bao quan ¢ 4°C, sau d6 ly tim & 1.600
x g trong 20 phut. Sau ly tim, loai bo phan 16n dich noi,
chi giit lai khoang 250 pL dich ndi cing toan bd cin té

bao dé tién hanh tach chiét.

Tach
chiét
bang
hat tur

Ly giai va gin

DNA Ién hat tur

Cho vao 6ng ly tam 1,5 mL: 200 pL huyén phu té bao
tir mau dich 6i, 20 pL Proteinase K va 200 pL Buffer
AL, sau d6 0 ¢ 65°C trong 15 phut. Tiép tuc thém 20
uL Beads N va 400 pL Buffer BD, dao tron 20-30 lan
hodc vortex manh trong 1-2 pht, r6i dé & nhiét do

phong 5 phut dé DNA gén 1én hat ti.

Rira hat tir

Ly tdm nhanh 5 gidy, dat dng 1én gia tir trong 3 phit va
b6 dich ndi khi dung dich di trong. Thém 600 pL
Buffer BW1, vortex 30 gidy, ly tim nhanh 5 gidy, dat
lai 1én gia tir 1 phat roi b dich ndi. Sau d6 thém 600
uL ethanol 75%, vortex 30 gidy, ly tdim nhanh 5 gidy,
dit 1én gia tir 1 phat va bo dich ndi. Lap lai bude rira

bang ethanol 75% thém mot 1an nita.

Lam kho va thu
DNA

Ly tdm nhanh 5 gidy, dat 1én gia tir 1 phut, loai bo hoan
toan dich con sot va dé kho & nhiét do phong khoang 5
phut. Sau d6 thém 100 pL Buffer EB, vortex 1 phut dé
phan tan hat va i & 55°C trong 10 phut. Cubi cung, dat
ong 1én gia tir 1 phat, chuyén phan dich trong chira
DNA sang ong méi di ghi nhin va bao quan ¢ —30 dén
~10°C hodc < —70°C cho dén khi lam thu vién.
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Dinh lugng

DNA sau tach DNA thu dugc dinh lugng béng Qubit
chiét
) Thé tich
Hoa chat Chu trinh chay
(uL)
Genomic DNA 7,0
4°C trong 1 phut;
Fragment Buffer 1,0
Phan manh 32°C trong 10
Fragment Enzyme
DNA 2,0 phut; 65°C trong
Mix )
: : 10 phut; gitt ¢ 4°C
Tong thé tich 10
DNA sau phan manh 10
nuclease-free water 6,4
) Ligation Buffer 2
. Gan adapter va — 25°C trong 30
Chuan Ligation Enzyme 0,4
_ barcode phut.
bi thu Adapter 0,8
vién Barcode 0,8
Tong thé tich 20,4
DNA d3 gin adapter 20,4 72°C trong 5 phtt;
PCR Mix 20 95°C trong 2 phut;
PCR Primer Mix 1,6
) 5 chu ky goém:
Khuéch dai thu .
98°C trong 20 giay
vién
) i 65°C trong 30 giay
Tong thé tich 42 '
72°C trong 30 giay
72°C trong 2 phut
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giit & 4°C.

Tinh sach san

pham PCR

Chuyén toan bd san pham PCR sau khuéch dai vao 6ng
chtra 45 pL hat tir, vortex 3 gidy, dé yén 5 phut, dat 1én
gia tir 3 phit roi bo dich ndi; rira hai 1an bang 500 pL
ethanol 75%. Sau rira, loai bé ethanol du va mé nép dé
khé. Cubi cung thém 50 uL TE Buffer, dé yén 5 phut,
dat 1én gia tir dén khi dung dich trong va chuyén 40 pL
dich n6i sang 6ng mai. Mau duoc bao quan & —30 dén

—10°C trudce khi dinh lugng va giai trinh ty.

Giai
trinh

tu gen

Quy trinh

Chuan bi mau khuén, pha loang thu vién, khuéch dai
trén Ion OneTouch 2, lam giau template trén lon
OneTouch ES, nap chip va chay giai trinh ty nhu da mo
ta & Phan II — Phuong phap nghién ctru.
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Phu luc 3

HOC VIEN QUAN Y CONG HOA XA HQI CHU NGHIA VIET NAM
HOI DON(; PAO PUC Dgc 1ap- Ty do — Hanh phiic
TRONG NGHIEN CU'U Y SINH

Sé: 02 /2026/CNChT-HDPD

Hé Néi, ngay 15 thang 01 nam 2026

CHUNG NHAN
Chip thuin dé cwong nghién ciru

Cén cir Quyét dinh s6 3934/QD-HVQY ngay 19 théng 9 ndm 2023 cia Giam
déc Hoc vién vé viée thanh lap Héi déng, Thanh vién thay thé va Ban thu ky Hoi
dong dao dic trong nghién ctru y sinh hoc cp co s& Hoc vién Quan y nhiém ky
2023 - 2028;

Cén ctr Quy ché td chirc va hoat dong ctia Hoi dong dao dirc trong nghién ctu
Y sinh hoc Hoc vién Quan y;

Can ctr Bién ban hop hoi dong theo hinh thirc diy du ngay 08 /01/2026;

Cén cir Ban giai trinh ctia Nghién ctru vién chinh;
Xét d& nghi cua thudng truc Hoi dong Pao dirc Hoc vién Quién y nhiém ky'
2023 —2028;
Hoi déng dao durc trong nghién ciru y sinh hoc Hoc vién Quén y chép thuén:
A. Khia canh dao dirc va tinh kha thi déi véi nghién cicu:

1. Tén nghién ciru: Nghién ctiru mét sb yéu td anh hudng dén nong do DNA
thai tu do va xdc dinh gia trj ctia két qua sang loc trude sinh khong xam 14n.

2. Cht nhiém dé tai: PGS, TS Trinh Thé Son

3. Té chirc chu tri: Hoc vién Quan y

4. Pia diém trién khai: Vién M6 phdi lam sang Quan di- Hoc vién Quan y va
B mo6n Y sinh hoc di truyén- Hoc vién Quan y.

5. Muc tiéu nghién ciru:
- Phén tich méi lién quan gitra néng dd DNA thai ty do va céc yéu té tudi me, tudi
thai va chi s6 khéi co thé (BMI)

- Panh gia két qua sang loc léch boi nhidm sic thé cia xét nghiém NIPT.

6. Thoi gian nghién ctu: Tir thang 11 ndm 2025 dén thang 11 nam 2026,
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B. Cho phép sir dung cic tai li¢u sau trong nghién ciru néu trén:

STT Tén tai liu Phién ban/Ngay
1. HO SO NGHIEN CUU
F Sl Tiéng Viét, phé duyét ngay
| 1. | Thuyét minh de talr - - 15/01/2026
2 Chién lugc tuyén chon va bao vé doi twong | Tiéng Viét, phé duyét ngay
" | nghién ciru la con nguoi 15/01/2026
A s Tiéng Viét, phé duyét ngay
3. |Hoso n;gknen cliu 15/01/2026
4 Phiéu cung cip théng tin cho dbi tuong Tiéng Viét, phé duyét ngay
" | tham gia nghién ciu 15/01/2026
: N . Tiéng Viét, phé duyét ngay
_5. DPon tinh nguyén tham gia nghién ciru 15/01/2026
Quy trinh tuyén chon dbi tuong va thu thap | ..z i A At ol
6. | phiéu cung cép théng tin va chdp thuan Ticg Vlest/,oril/lgot';ug' wEngay
tham gia nghién ciru -
;| Quy trinh theo ddi, dénh gia, xir tri bién c¢b | Tiéng Viét, phé duyét ngay
© | batloi 15/01/2026
I1. HO SO NGHIEN CU'U VIEN
3 Ly lich khoa hoc va chimg chi chuyén mon Tiéng Viét, phé duyét ngay
| cua chu nhiém deé tai - 15/01/2026
Ban cam két thuc hién theo ding céc nguyén | ..« = " o
9. |tic vé& dao duc trong nghién ciu clia nha Ticng Vict, phé duygt ngay
Rz 15/01/2026
‘nghién ciru o

Ngay chip thuin: ngay 15 / 01 /2026

Nghién ctru vién chinh c6 trach nhiém:

- Tuén thi d&& cwong nghién ctru duge phé duyét, céc quy trinh thyuc hién chudn,

céc nguyén tic GCP, cac quy dinh ctia phap ludt hién hanh vé dao dirc nghién ci.

- Béo céo Hoi déng dao dirc trong nghién ciru y sinh hoc cac bién ¢b bét lgi theo
dung cac hudng dan va quy dinh hién hanh.

-Béo cdo Hoi dbng dao dirc trong nghién ciru y sinh hoc xem xét va chép
thuén nhiing thay dbi, sai léch hay chinh sira dé cuong da duogc phé duyét va mau
chép thuan tham gia nghién ctru, céc tai liéu cung cép thong tin cho dbi tuong tham
gia nghién ciru trude khi ap dung trong nghién cir, trir trudng hop rd rang cin thiét
thay ddi dé loai trir nguy co truc tiép cho ddi tuong.
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-Béo céo tién 49 trién khai nghién ciru cho Hoi déng dgo difc trong nghién

ctru y sinh hoc 10 ngdy truée ngay hét han cia gidiy chép thuan nay hodc khi ¢
yéu cau cua Hoi dong.

- Théng béo vé viéc ngimg nghién ciu, két tha
hoan thanh du kién, ly do cua viéc két thic sc'xm./.f/./

TM. HQI PONG

KT. CHU TICH

¢ nghién clru trude thoi han

PHO GIAM POC
Thiéu twéng Tran Ngoc Tuin

Noi nhin:

- Plc Trinh Thé Son;

- Té chirc chi tri;

- Co quan chi quan;

- Luu: J6, HPDD. Tn06.
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