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Abstract

Objective: To evaluate the clinical value of non-invasive prenatal testing (NIPT) for fetal chromo-
some aneuploidy screening in pregnant women under 35 years old. Methods: A total of 1068 cases
of pregnant women with prenatal serum biochemical triple screening (PTC) and NIPT were col-
lected from January 2017 to January 2021 in the Rizhao region of Shandong Province, age < 35
years old. The karyotype analysis was carried out as the gold standard on pregnant women, whose
results of PTC and NIPT showed high-risks. Compare the sensitivity, specificity, positive prediction
rate and negative prediction of NIPT and PTC screening for fetal chromosome aneuploidy. Results:
212 cases (19.85%) with a high risk of chromosome trisomy were detected in 1068 pregnant
women by PTC, including 162 cases (15.17%) with high risk of T21, 39 cases (3.65%) with high
risk of T18, and abnormal AFP single MoM value 12 cases (1.12%). NIPT detected 36 high-risk
cases (3.37%). Karyotype analysis of pregnant women undergoing amniocentesis in high-risk
cases detected by PTC or NIPT showed that T21 was in 28 cases, T18 was in 6 cases, and T13 was
in 1 case. The overall sensitivity and specificity of PTC for detecting chromosomal aneuploidy are
100% and 82.87%, respectively, and the positive prediction rate and negative prediction rate are
16.51% and 100%, respectively. The overall sensitivity and specificity of NIPT for detecting
chromosomal aneuploidy are 100% and 99.90%, respectively, and the positive prediction rate
and negative prediction rate are 97.22% and 100%, respectively. The specificity of T21 detected
by PTC is 87.12%, and the specificity of T21 detected by NIPT is 99.90%. Conclusion: NIPT tech-
nology is used to screen fetal chromosomal aneuploidy in ordinary pregnant women younger
than 35 years old. NIPT has low risk, high sensitivity, high specificity and is worthy of clinical
application.
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1. 5|8

I RARR NMETC A= Wi K2l (Non-invasive Prenatal Testing, NIPT)if i i if & il F* (Next Generation
Sequencing, NGS)F il 221 40 J& ifil G 3R (1 R ) Ll 25 DNA (cell-free fetal DNA, Cff DNA), JF41 1 7§ i
BT AR ARG AR = BT AR ) LGS A4k 7 J7 10 0 2 s 28 R o I i 2 3 R R 4R 28 S HORE
(Chorionic Villus Biopsy, CVB)H — E [ KA o 17 NIPT 7EEURF- 5 10 & B 5t e ks ] 2 ) o1 Ji i o ()
JiF B 6 )L DNA, HANTEZFATRNPERIURE, 7T DLk G RS 7 SR i 7= KRS [ 1] 22 Tl RIS 1F 25 HLAIE
W] NIPT F A7 5 R A AR (2] [3] [4]. NIPT 7330 2 AN FHERE,  SCRFAE S i R AR 48 A5 A dar
TUFRAETE R NIPT, 4n3E EA/RBHR 2 (ACOG). £ H BHIR B 24 W22 (SMFM) . [ Fr =i 2 Wi 22>
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(ISPD) [5]. HHEEZR PAFAER6)1%. HEIST NIPT MW FRRIE K2 E R E R GR35 %)
rh R &5 7] (8]0 AT 7T M i (BB 43 A NIPT AR MAERE < 35 % MG R % BL, 3R NIPT
X G LG AR R A S 905 07 2 (0 R AL o
2. IEARBEE
R

ABEFAIN T 2017 £ 1 H 2 2021 4F 1 H BIFREEHFATF=H 8 1068 4 < 35 S EMIGIRTI R AN
FrffE: O NIPT BUREIFE A ZE 1270227 [, @ Zeiddtfr Ze P g 2B AL IR0 2, © RIEEZIRA
PR @ FRBH-AILS. HERirdE: O FRERBEREEY; @ Z2GIEEMEMRE; © KT
NN B R 2 e I I FL A IS 2 . A 3 H BT a9 @B e B E A i, e 5%
T VR 8 32 52 B AR AT AT IR AR 3R A5 7 S0 i 17 2
3. B
3.1. FRIILEE =BG E

KA SN L 3 ml J5 85053 B L35 120 C UK il A7 &A% o I H 32 [E PerkinElmer 2 &) 4E 7] Auto
DELFIA 1235 R[] 533 5 6 S 43 WA & F R BR F1/30% 35 N\ R B R 14 I8 32 (AFP/free-B-HCG) ik 7l &
R B ME = B (WE3) R 77 & & AFP. free-f-HCG. pE3 MIZEALME . T21 52 M f 8 E % B N 1/270;
T18 i 2 BH Mk & W % BN 1/350; NTD DL AFP B0 AR A B (MoM) . > 2.5 Nk b {H
3.2. NIPT

KAEH12~22 FAZAA4NE L 5 ml, BT 2 &0 ZBREDTA)RE F . Rl J5 72 /NPT 4°C 1600 x
g B0 10 P Bl . e 43 LA 2500 x g B0 10 204f,  MER45r LA 16,000 x g 2.0 10 7340,
I 200 B 350 3 R0 LS B i 57 B BN —80°C UK AR i 7745 FH (9] MR HE I3 v (036 W, s FF 95 25 DNA $2H 44k iR
F &R AR A TDIRBEA R IR ) LI DNA. KM 3EE Thermo Fisher 24 7 4E/% /) Qubit
Q33327 MFJE1HIE DNA WKEE. RANG LA R ERE A5 44(T13, T18, T2 S (e KD RH A
FRAFDRATRII . 7E¥ 45 R A E A IRIREIT 2 81, MG oasd st = $EFZ. kL
DNA AR FEA L FEOSCIR IR 77 VR HFONEE A R [10]. SJa@d A E B2 air, ihE S0
PR N S IR AR, 13 IR ) LR e e AR SRR A5 AR 75 1 XU
33. RILEBEZB ST

TR T RIAR, TR R N B AR AR AR R P AT i LA tadk G Wi R . B
TR A 44 2 T E PR AR AL 2 dy AL AR R[]

4. 5R
4.1. R RBIEFRIFAE

A 1068 LZAESIN T XTI T . 20 TER N 29.13 + 3.51 (U 22~34 %), fif)L TR
1532 +2.18 JHFEREA 12~22 J&). 240k E IR BMDIME N 21.37 kg/m* GEE N 16.27~52.78 kg/m?).

4.2. FHIHELER

1068 44 24028 7= 1 I35 A6 A6 = BBk 0 204G HH e oA = f i KU 212 1511(212/1068, 19.85%), i T21 &

DOI: 10.12677/acm.2021.118541 3693 I IR = =23t e


https://doi.org/10.12677/acm.2021.118541

Wi, I

R 162 51(162/1068, 15.17%), T18 =1 K& 39 411(39/1068, 3.65%), AFP FIH MoM 1E 7% 12 1(12/1068,
1.12%). NIPT £ H = KU 36 45, NIPT Aar H i IR T I3 A2 Ak — BT 2 (R XU 0 91 o iz 212 4 v XURS:
TBIAT E K FRIARNG LG OARZ A o, Bos3k 35 Bl ik s, Hrh 72128 %5, T18 6 5, T13 1 i,
TEWA 1o —Blf) LY AR RS, (REIORI L2 KW, A5G BAE R S E0 =B
NIPT 4553, & T4 RIEgR. ok 35 BifiG ) LA ik o 2 a3 852 T IR A g BUE B2 1 R IR

Table 1. Results of karyotype analysis of the 35 fetuses
= 1.35 BIBs LR BB BRESITER

NIPT /& X% n PRI R n
47, XN, +21 21

T21 28 47, XXY, +21 2

46, XN, der (14; 21) +21 5

T18 6 47, XN, +18 6

T13 1 47, XN, +13 1

4.3. NIPT 5~piMEE W =B HFER i) LR IER IS BE S i

DARG LG AR A% B A3 BT 285 SO bt 7 A — B 20 A ) % € Ak 2 55 o 1) i Ak R R 57 5
A2 100%, 82.87%, BHETIUH 2 A I ZE 258 16.51%, 100%. NIPT A4 4 B A 2
A RBURE IR 5 BE 43 0 2 100%, 99.90%,  BH A T 22 F0 [T 1 Tl 2653 7 97.22%,  100%. 7= Hil — Bk i
BRI T21 HI%F N 87.12%, 1fi NIPT kil T21 HI4F R FE N 99.90%. VEILZE 2.

Table 2. Comparison of diagnostic efficacy of prenatal triple screening and NIPT on T21, T18 and T13
2. FRIZEBAGFEM NIPT Xt T21. T18 1 T13 AOISEISAEEL B

E[ - 7e%N PR =BT A NIPT
Rtk REBUZ% R E % PPV% NPV% REEIEY% R E% PPV% NPV%

T21 100 (28/28) 87.12 (906/1040) 17.28 (28/134) 100 (906/906) 100 (28/28) 99.90 (1039/1040) 96.55 (28/29) 100 (1039/1039)
TI8 100 (6/6) 96.89 (1029/1062) 15.38 (6/39) 100 (1029/1029) 100 (6/6) 100 (1062/1062) 100 (4/4) 100 (1062/1062)

TI3 100 (1/1) 98.97 (1055/1066) 8.33(1/12) 100 (1055/1055) 100 (1/1) 100 (1067/1067) 100 (1/1) 100 (1067/1067)

AR 100 (35/35) 100 (35/35)

B 82.87 (856/1033) 99.90 (1032/1033)
# PPV 16.51 (35/212) 97.22 (35/36)
H NPV 100 (856/856) 100 (1032/1032)

#: PPV A positive predictive value 455, FHETMI{E; NPV A negative predictive value 455, FPETRMIME.
5. itig

F R KR 2 R X E 2 A T21. T18 BIF=RITH A FI o M= i im & i H . H 573 B H %
FH R 7 V5 2 50 30 AR 2 S o 2 R0 i O A S R P 0 ) L ) S9003 B J2 (N T) 285 4 BRAA

MLE A, FF 5 A EEES 5 S B LR T AR [ 12] [13]. Z2 b AT P2 1 = BX 0 22 (AFP, free-f-HCG, pE3)
[14]. HEGMTHE T EARANBRE, 55 S8R, FHL ORI FE T RGN, &K
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AV EA R SCERICE15] [16]% M 22 B0 & 07 R 1 R BUEAE 70%~90% 2 8], i BH ¥ %
(false-positive rate, FPR)N 5%. G877 Bk (NIPT) &= ji AiG ) LATUER i) B AR 6% . 1997 SE4E REif b & 31
6 JLUEES DNA B¢ [17], 2011 4 NIPT M TIGIK[18]. i FHJC4Hi DNA (cff DNA)KMG JLAEBE S 14
() NIPT ) 2 55 30 E M7 Akt o NIPT & — g%t T21. T18. T13 11 iy R BB ARy S i o 28
Rl B ATV 2 BT ML T2 B NIPT X i fE G 3047 5 MR ) L (A SR A5 A e 0 2 [ 19]

H AT 2 220 B S 852 NIPT A A LURSIIE L T21. T18. T13 HIEAE K. SR, B FH v AR B
NIPT S5 RANAT ZAN[18]. B, — SRS T e 5 AR & 4 8] ks il % B [20]. 7E
fEdLr, NIPT &l T21 (1 REE R 99%, FPR/NT 1%, (HAN T18 Al T13 i) R BUEAREAK. H AL
K T21 () REEAE 96.7%~100%2 18], FPR 1E 0%~0.94%2 8. T18 () REELE 92.3%~100%2 8], FPR
1 0%~0.22%2 ], T13 I RBUELE 87.5%~100%2 (8], FPR 7 0%~0.25%2 [l

AT AEVFEARPPCE KRS T NIPT Blp) kg, I BAENGR & EIERA2 AR RS2 T T2 M
Fo FEBE NIPT il 2% A W BE FEAR AT G N 5 A2 B BRI ORI IR 5, b AR I3 7 3l S 0 8 2 rh g AT
N o ARBFFCIEAL T /T 35 5 22050 NIPT (] REME, 450 Bonl bh T 20/ g — e &, NIPT BAf
REE S FrRERNORS . FERATA NN T 35 B 130408 H NIPT fi g ff )L Gs kIR 8 £ 2
EHM, HAmRBIEARRE, [EEIER) T ZH,

SE

[1] Johansson, L.F., De Boer, ENN., De Weerd, H.A., et al. (2017) Novel Algorithms for Improved Sensitivity in
Non-Invasive Prenatal Testing. Scientific Reports, 7, Article No. 1838. https://doi.org/10.1038/s41598-017-02031-5

[2] Palomaki, G.E., Kloza, E.M., Lambert-Messerlian, G.M., et al. (2011) DNA Sequencing of Maternal Plasma to Detect
Down Syndrome: An International Clinical Validation Study. Genetics in Medicine, 13, 913.
https://doi.org/10.1097/GIM.0b013¢3182368a0¢

[3] Palomaki, G.E., Cosmin Deciu, M.S., Ms, EM.K., ef al. (2012) DNA Sequencing of Maternal Plasma Reliably Identi-
fies Trisomy 18 and Trisomy 13 as Well as Down Syndrome: An International Collaborative Study. Genetics in Medi-

cine, 14,296-305. https://doi.org/10.1038/gim.2011.73

[4] Norton, M.E., Brar, H., Weiss, J., ef al. (2012) Non-Invasive Chromosomal Evaluation (NICE) Study: Results of a
Multicenter Prospective Cohort Study for Detection of Fetal Trisomy 21 and Trisomy 18. American Journal of Obste-
trics and Gynecology, 207, 137.e1-8. https://doi.org/10.1016/j.2j0g.2012.05.021

[5] Mccullough, R.M., Almasri, E.A., Guan, X., et al. (2014) Non-Invasive Prenatal Chromosomal Aneuploidy Test-
ing—Clinical Experience: 100,000 Clinical Samples. PLoS ONE, 9, €e109173.
https://doi.org/10.1371/journal.pone.0109173

6] HEHRDAWHAEZSAT. (ERPAEERPAITRT A FIFRZAOIMNE MR L DNA P Hiifi 51
W TAER @D [ 2IMA%IK(2016)45 S(Z]. 2016.

(71 B, U307, TREE, 55 WS BRI TR il 2= A & e 2 A i Gtk e WL 0 (0], a4l
PREE 224 35 (FL TR, 2018, 14(2): 224-229.

(8] #iEie, MWK, JCQI™ AT BRI & G (R IR A B TP IS B M E 2 A (0], B SR, 2019,
27(4): 426-428.

[91 Dai, R, Yu, Y., Zhang, H., ef al. (2021) Analysis of 17,428 Pregnant Women Undergoing Non-Invasive Prenatal

Testing for Fetal Chromosome in Northeast China. Medicine, 100, ¢24740.
https://doi.org/10.1097/MD.0000000000024740

[10] Nygren, A.O., Dean, J., Jensen, T.J., et al. (2010) Quantification of Fetal DNA by Use of Methylation-Based DNA
Discrimination. Clinical Chemistry, 56, 1627-1635. https://doi.org/10.1373/clinchem.2010.146290

[11] Simons, A., Shaffer, L.G. and Hastings, R.J. (2013) Cytogenetic Nomenclature: Changes in the ISCN 2013 Compared
to the 2009 Edition. Cytogenetic and Genome Research, 141, 1-6. https://doi.org/10.1159/000353118

[12] Neyt, M., Hulstaert, F. and Gyselaers, W. (2014) Introducing the Non-Invasive Prenatal Test for Trisomy 21 in Bel-
gium: A Cost-Consequences Analysis. BMJ Open, 4, €005922. https://doi.org/10.1136/bmjopen-2014-005922

[13] IS, skIRTS, AR, 5. MEYR S EHA MLIE miR-34a Fl miR-206 K U HE-E G ) LE00E B J2 )5 B2 0 25 16 L 56

S

DOI: 10.12677/acm.2021.118541 3695 I IR = =23t e


https://doi.org/10.12677/acm.2021.118541
https://doi.org/10.1038/s41598-017-02031-5
https://doi.org/10.1097/GIM.0b013e3182368a0e
https://doi.org/10.1038/gim.2011.73
https://doi.org/10.1016/j.ajog.2012.05.021
https://doi.org/10.1371/journal.pone.0109173
https://doi.org/10.1097/MD.0000000000024740
https://doi.org/10.1373/clinchem.2010.146290
https://doi.org/10.1159/000353118
https://doi.org/10.1136/bmjopen-2014-005922

Wi, I

[16]

[17]

(18]

[19]

[20]

RAECHERHINAELT]. ARic S 2 Hr 5K, 2020(3): 408-411.

Verloes, A., Gillerot, Y., Van Maldergem, L., ef al. (2001) Major Decrease in the Incidence of Trisomy 21 at Birth in
South Belgium: Mass Impact of Triple Test? European Journal of Human Genetics, 9, 1-4.
https://doi.org/10.1038/sj.ejhg.5200575

Kostenko, E., Chantraine, F., Vandeweyer, K., ef al. (2019) Clinical and Economic Impact of Adopting Noninvasive

Prenatal Testing as a Primary Screening Method for Fetal Aneuploidies in the General Pregnancy Population. Fetal
Diagnosis and Therapy, 45, 413-423. https://doi.org/10.1159/000491750

WEML, BURK, A, . 10,577 BIEST AR IR ) LA AR AR S H TG A B ORI R S A 28 A ]
AETHEE RS E, 27(12): 7-11.

Lo, Y.M., Corbetta, N., Chamberlain, P.F., et al. (1997) Presence of Fetal DNA in Maternal Plasma and Serum. The
Lancet (London, England), 350, 485-487. https://doi.org/10.1016/S0140-6736(97)02174-0

Hartwig, T.S., Ambye, L., Rensen, S., et al. (2017) Discordant Non-Invasive Prenatal Testing (NIPT)—A Systematic
Review. Prenatal Diagnosis, 37, 527-539. https://doi.org/10.1002/pd.5049

Fiorentino, F., Bono, S., Pizzuti, F., et al. (2016) The Importance of Determining the Limit of Detection of Non-Invasive
Prenatal Testing Methods. Prenatal Diagnosis, 36, 304-311. https://doi.org/10.1002/pd.4780

Gil, M.M., Accurti, V., Santacruz, B., et al. (2017) Analysis of Cell-Free DNA in Maternal Blood in Screening for
Aneuploidies: Updated Meta-Analysis. Ultrasound in Obstetrics & Gynecology, 50, 302-314.
https://doi.org/10.1002/uo0g.17647

DOI: 10.12677/acm.2021.118541 3696 I IR = =23t e


https://doi.org/10.12677/acm.2021.118541
https://doi.org/10.1038/sj.ejhg.5200575
https://doi.org/10.1159/000491750
https://doi.org/10.1016/S0140-6736(97)02174-0
https://doi.org/10.1002/pd.5049
https://doi.org/10.1002/pd.4780
https://doi.org/10.1002/uog.17647

	日照地区1068例无创性产前胎儿染色体非整倍体检测结果分析
	摘  要
	关键词
	Analysis of 1068 Pregnant Women Undergoing Non-Invasive Prenatal Testing for Fetal Chromosome Aneuploidy in Rizhao Area 
	Abstract
	Keywords
	1. 引言
	2. 临床资料
	对象

	3. 方法
	3.1. 产前血清生化三联筛查
	3.2. NIPT
	3.3. 胎儿染色体核型分析

	4. 结果
	4.1. 研究对象的临床特征
	4.2. 产前筛查结果
	4.3. NIPT与产前血清生化三联筛查对胎儿染色体非整倍体诊断效能分析

	5. 讨论
	参考文献

