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Abstract

Background: The aim of this study was to compare noninvasive prenatal testing (NIPT) of cell-free DNA in
maternal blood and amniocentesis in the diagnosis of aneuploidy. This study was designed to evaluate
sensitivity, specificity, accuracy, positive predictive value and negative predictive value of NIPT for
detection of aneuploidies compared gold standard test of amniocentesis.

Materials and methods: This cross sectional study performed on Iranian pregnant women (GA>12 weeks)
and candidate for NIPT, referred to the Nilou laboratory in Tehran and 16 provinces of Iran between Aug
2016 and Aug 2018. Analysis study was performed by SPSS version 21.

Results: 11960 pregnant women which candidate for NIPT enrolled in this study and 139 persons detected
as high risk for NIPT. The mean (£standard deviation) age of participants was 33.7 + 6.4 years and 34.4 +
5.2 years for amniocentesis and NIPT groups, respectively. Specificity of NIPT in the diagnosis of trisomies
of T21, T18 and T13 was 99.94%, 99.95% and 99.97% respectively. Failure rate was calculated as 0.27.
Conclusion: Non-invasive prenatal testing has very high sensitivity and specificity for aneuploidies but
should not be used as a final diagnosis test.

Keywords: Amniocentesis, NIPT, Cell-free fetal DNA, Aneuploidies.

Cited as: Akhlaghdoust M, Chaichian Sh. Comparison of noninvasive prenatal testing of cell-free DNA in maternal blood and
amniocentesis for evaluation of Aneuploidy. Medical Science Journal of Islamic Azad University, Tehran Medical Branch 2020;
30(1): 75-81.

Correspondence to: Shahla Chaichian

Tel: +98 09121303526

E-mail: shchaichian@iautmu.ac.ir

ORCID ID: 0000-0001-5772-8711

Received: 14 May 2019; Accepted: 2 Jul 2019



ool T ki 13 (g0l lowdly (g ol3T DNA 3, sowll3T olisls S i poke aloxo [V

ool S5 olEils Sy pole dloxo Original

o9y b 60k Glowdly jo Suds 13T DNA (8L oo lyd el (9 dulin
ool ol Wi I oy ausiid 50 Foawgmiwl o luiliwl
Tobzm by Meeb cawgs @B pine
I8 ol (Ko psle olails ()b i lo ()b (B ol o5 5 4 iy Sy, Sliniou 3 e Simgh «ages Sy |

Ol eolis oot ST (St pole olRsls (U3 50 (o led o5 Sleedy; Dlaizs 33 50 10lj slo by gl § (b Laascte bl
PRV

5 b NIPT) sl ol 33 (i ST SetlSi ] 331 sl ) gl il asllan 51 it x50 3 alslas
S ] o ( Shy ol i slite 0 aalllao (ul g sadslisil s I g i 0 jitugiol o lili]
s ploe jriogeiol pamis oMb o, Juili] s, b o deglio 5 die o LS 5] 5 oo

win 1P Y Il shole plod 55y 1PV 611D o 31 Jlo 33 Ento tp 45 Gl ehaio £57 1yl axllle oy 59,
o £55 5 i) puf O jgo b (605 digad g, A ploeil g 00,5 dalre 498 Gliw] 1 g gl olKiylo ;] 4 aSNIPT cwyuils”
ikds (g ylo] ko V') a5eai SPSS 1381 15 i1 00lizsl b loosls .uis ploei] jiiwguio] Cans NIPT (oo S, b 5 y0lo .09

Gls 5 Ws (et NIPT a5y 0 so laie o pdi 119 (leo ) 1 idls aslllas 0] o) fs NIPT udlS ) ls,b 5 a5 1) 95+ :adasdl
S5 Jlo FIWVAEFIF o VRN iy 0 jiigaiol 05,5 g NIPT 05,5 90 ,0 5,0 lyole (i puSileo s duglio jiiwgiol b T
L deaslme PV o S i i 0 ey VYAV 5 T30 AV i o 33l 53,5 330 jog i (5l NIPT S5
Coolaisl g Colom (S0 (! G g 10 50l slawdly 4 iz ST Sy sl 35 ozl g, 6 S AT

sidslisil (i ofi] Silsyi wo NIPT ool s gads” 65l

ol g e BP9y o=l 1l By el Kos Bk 51O
A 55 5 ol 2 Ghsy el eslaiul ay 5L ey )l
b syole g5 30,5 50 Ssz 50 Ol DNA (cazles el g,
L =2 «(Cell free fetal DNA <ffDNA) x> slice
Dennis Lo l.g (non-invasive prenatal testing) NIPT
Gty gy 3l Slalad ol (Y-F) sl ons 7 b (Y4QY)
Lt jolo 3 J51s & i Casdloghy fgis cslo ks
Fiin o o ol Sl g ol (Y-9) 0,5
cbale (gl LV B aaa b g palls jole yem 40 (g)l0,0
B) a0 =5 o3l (sl (J5B B e 4
S 9 095 05 5ol gl am celo ¥ (izeen

EVRV-
ashsl slag,laal plo 5 ool o poi 5,805
oxd Jo gleal 5l i slacelie 5l (coe i 4 0394l
o g s (b 8 jlasbinl laie 4 piwgaiel b,
V) cul by pler o (6955 4 095 Lad Jlesz! 51 i

oS ety Sk S g Sl 3T (S o ske o505 015 i g 0k g oy
(email: : shchaichian@jiautmu.ac.ir) Olaw s e 55 OU5 o3 el

ORCID ID: 0000-0001-5772-8711

ANVY/YY s L s &b

NN s B dy 26



9 5l © Y osled ® Yo 090

S)lom 9925 3 EM Ll aad ay aslllas 4y 00l o)l o 3l sles
L ol (oxbad aseii g glaaly oy B ol 5o (o093 5
GV S, b o3 ol jo ivg (625 9,50 S8 5l
s g wisls pll Fwgaie] Cud anseid b cg> NIPT
(S5 5 sl (sl gy po gl Jga 8 5l ool |
Aol Cws 4y ite 5L (B3] Cute (L3 3] oo
@22 VW 60, e ol ol adlllae 43 59,9 sl Lone
Gk NIPT alos!l (slalire oyl g jiimgaial plosl aails
ACOG) LSS 1ol oylasly g (5 (mmaastio S jie (pYoul§
The American College of Obstetricians and
The SMFM) y> g 0l b , ol o (Gynecologists

09— Y10 Jlw ,o (Society for Maternal-Fetal Medicine
8 5l Sl o a5l 55 (sl lono inan (©)
Plo 3 o935 Golen Al iz Bl oyl aegs
(S g 10 (g bl OS] 5525 ol sl oy
Y YL (Nuchal Translucency) NT ¢ ;51895 31 i s lo )L
W38 ol VY b 9> (3,5 Vanishing twins « e e
0395 anlai b (5 5 (i (Bl prsdlige (Olshnl ho dign
D9 &yfe g pSPkS Ve YL S

Sy pyrde Sy DU S L allie () IS5
b 8ol g byl 00— ot Dl O3]
5 eSS % ples (IRIAU.TMU.REC.1395.362)
ol sl b s ks oo JIS Slonygs 5 g sl
Ll adlllac oy oS sl

NIPT polowil wislys

NIPT cs o ylas 09,5 (gl 00 (yusd cut-off |50
o=l gl dae plaS il o VN0 Sl o lasbisl b
dae (LS el s ,2 5" cLw) Sequenom Sl oS asllas
T IS T R R P 0] B S P F
S Oyl 31l QBINIPT cus (glp Sas o5 g jlas
S plodl gz e 053 Sl V¢ sl el ]
Dl (6 yslaez (5 50l cl) Streck slaalg) ;o 9 351 NIPT
i a8 ) IS el ) s e 50 laly) o
U Ladly 5 4 Jsho K285 ol 2 - g
s ol DNA s a5 o 5ol Lol 5l
el Al o g ddges fetal fraction el S L Lewdly Job
D9 o guls (failure rate) coSs i il

o=l s ol (V) s (antets BB g 09 o0
g 5l J=8 padeis C )l ol aele a2l
Godgbgil AWM e es ;o NIPT .(V-F) 5,5 oolaxl
ROD s 6,155l 4y bogs o slo 5351 mnies oyl
posg—eg)S Lo Loy (S35 SWS L5 5| Copnitr (pns
o=l (V) ole 05 LS (55 ST oS o s g (o
J=3 5l (0935095 sl lomal (asis (glm cs
5 G)lgl pyiws NA (agi i (sl py0i) VY (o5 5
S Send (J5 03,0 0,15 (g3 py0an ) VY (a9 5
il slale (A=) +) cons pwgiel 3l 5 ol
5 Comolas 5 2s QIS Gite 5 Cae 4 e wilsi e

() 2o 13 50 cou |y cus S
5 il Oyad 5l Sglaie WlhlF goasie Slalllas
o555 b cenlizio 5 mol asdllas g ilos S &Sl s ol
adlas 5l Bue .l 03,5 O jse 55 U Sl S5
2 =iz SBIDNA (3L (cazlgdpd By, amlie yol>
At ) Fiwgeial 8laibiul Gig, L (550le slewdly
e jelite ay adlllae (ol g gadshygl W 5l e
Sl s S LB ) weo (g ol
s @b o lbil 3, b ol aslie (e 5,5

2 plosl wgaial

Leogy 9 Olge

adlloo 10

S atin VY (Yl o ool plas ¢ oabaio dallias oyl o
YAV G VYA Jlw §l s 30 e o 45 NIPT oo
15 1,5 Gy oln ol b o s sl
oy 3339y 03, S dazlye 108 il V8 o ols olKiules]
53 5 Jloizlnd O 90 any Goiod (ul (655 diged Nad
oyl o Leadgad Sty olaal Copanl a2 L g 05 gt
(oo (=5 adgei Coale 5 L5 0 50 Lol BT )08
A8 518 Gyl yge wiils 1y o3Y Ll oS g0l 8l ples
il o, haines 5 Sl g5 AL 5 5 5 3
3,1y Ao 00l (b dsliiin 10 9 33 )l (sodol 5]
S Sy yeb a anmme (g5 diges 3315l Gy 0L ool
A 53 by Lo SIS e @l U wbog 6250
S )8 Bedod LS ) Sz 55 g Jleto sl e



Swab ol Landis 3 6yl Glowdly S o3 DNA s, oMl T aliils Sy pole alxo /YA

P value NIPT 5 ,las 5 9)lse Shless JS 5l slass clasie
(/)n (/)n
.|t CLVIYY) O AT Jsl obs aus
<[+ AT (/5%10) YEEA pgo olo du
-/ BY AT (/N IV) AYYA heals s
/¥ (NIVE)AYY (LASIY) V- FAN G5,
Y0 UNFV)Y AYZS A8 orslg
sk gs
-4 IV AYTY (/AVI0) \\SOY b
[VA XV Y AR IVF
-/-a5 NIV =) VY (/B I¥) 5T O YU e

st g e 09,5 90 10 NIPT e ploxil (sl () slow gl )] iz slocde .Y Jgus

P value (%) n NIPT jlas ,, gl> | slass (%) ngl> | slass Pzl ggs
ARG 1Vag. oo JS slas

NN (/FINN) Y§ (XN YYA High NT AbnonnalsloJlll;rg

R (/XIf0) 4 (LYIVA) Y# Hypo plastic or Absent NB

-/-YE (IYI05) ¥ CIYIYA) AV o HR™ FTS*

YRR [(ARY2%% (- 160) 55 HR T18

ol AR (L= I¥Y) YA HRTI3

leYY ATZS3E (/YIYY) YYY HR T21 Quad**

<[\ ¥ (/2IY0) N /I\Y) \§ HR TI8

o[- FY (AN YY (/N 10) \YOA o HR™ FTS

[o¥Y (YIEY) Y (/YIF¥) YAQ HR T18

IY¥ X150) A (/VIAY) Y14 HRTI13

A0 YY) (/%] ¥) FAY HR T21 Quad

R [(ZNEYSA (/. /£9) 6A HR T18

-]+ NIY ) VY ([O+I¥) §NF ¥O YL e

**x% Low Risk: *** High Risk +#* Second Trimester Screening* First Trimester Screening

b o9y Elgsl O NIPT Cons cadeis oT,5 Slasuin ¥ Jgdo

gt PV sy PRT e PR ol S s IS3 £
o > Cude Ohlex

VA AN q9/q¥f q9/. \ Yoo V(Lo 1-0%) (LAY Nage. NIPT (T21)

VADF 1. #NI¥ 49/90 ay/4 \ VY (/. +1-0)F RN V148 NIPT (T18)

VLAY /. YAIS qa/ay Voo 1) (L sYON (LY F VVag. NIPT (T13)

\E (L NYE)  ANYNYA g Total

Y oga>) SalS s sl 2l el g Loy (g 5las
(celw

(el A 550>) Automated library construction
(library amplification and enrichment) Automated PCR
(& plosl running overnight & g0 4y 5 Sl VY 0g0>)

P90 59

*** Positive Predictive Value ¢** Detection Rate<* False Positive Rate

- uyb‘w)fs‘fom‘nbu‘NH)Twwb‘gwb
a5l eslail b g alﬂ Sl g5 ol (slo p g5..\¢391i9ﬂ

- 4wy e (Semiconductor Sequencing Platform) SSP

Vg u)youadawu;‘)o 6)5

:Jsl 59, -)
v



9 5l © Y osled ® Yo 090

- 2905 Elgl O NIPT cos canseis o115 Slasie
A oole pyaiw 8550 SO el 0l cols lis ¥ Jgus
IS o yas 350 SO el Cawd & LIS hie O jge
5 09y slow Sigw Azl AT Swl Cewd 4 b b
2o X pgigeg,S gl p a5 NIPT o o dses
Sl 325 (3,13 9925 X pgjs09,5 99 i) el s 4y
A gl 4z a5 il 50 sy Y pgi5es,S
e Dygo 4 0lgol piain 850 S 0g (47, XXY)
S o 2sBss 6)lo,L SO ol S sel s a4 L3S

Jol aale 4w 6,8l ¢ slocas a5 0g sl FY b5
Sl ol 3 Jg blas BT i 5| IS
e J8 )'IL_,S;"}.‘;.:..»%.:.J plxil b as” ol caslie a8,k 40
aiges Fetal fraction plael coond Jboy o> Caz ol
5 S CeomB VA o9 5 i g 00ls LS Iy obe

Slo oo JoSzs |y ok of3T SatlS g5 asl Slalad

- 2
.

9y » 9 alllas (ol o NIPT arseids (Shg oIS ,5b &
olis asdllas (plog 7 A/AY o7 A9/20 . 19/AF o g
5 05,5 Sl i sl 095 j3 358 Cewd (B))l a5 ol
30 Wl 5 (2uly addlas b gaoge (pl a5 ol G
A (A) 50l o Ll S 5 Slw anllas ¢ (V) il e
3,05 0939 215 L 5l 09,5 90 cnl e (5,l0 Se glas

S, lg oo

(&elw O o90>) Library DNA sequencing
(el ¥ 050>) Automated data analysis -
Ol S g el YO g s ol (65 dsg plpl
oz s oalal oy S s (sl ()15 39, T (20 Sl
933505, St )55 L el qle (6,5 aizeld
eiS o0 Job 59, VP U a8

b ools floo

L g 20 o)y YV a5ews SPSS Jf531 6 55 50 bndeliins  sloosls
5 Coo ¢ oS g camwlar S el il slaceus loslaiul
8,5 I 0 b (5l gtne e 350 (LS (sla ;)|
A oS 10 el aials o Pvalue<-/-0

baxsly

5 el WallS losl 65 5,8 VAR S o
olee ol 5o adlae pl osly JLo ¥ Suw o NIPT
50 g WAl s NIPT Jlas oo lge lgie a0 a5 VY9
Olse @ pwseiel b a5 WA Gl ces @bl calys
Gl ) o Sile o aglie b carseis sl
09,5 5 NIPT 05,5 95 5 o)k ool (w Glre
og Jlo YYIVERE § YEFROY 5 & jiwgaiel
VeFEVO NIPT 09,5 50 59) om0 i o eSls
Slaseie 0 55, VIV gl 095 )0 5 9,
V Jgaz )0 siseiel 09,8 o NIPT 09,8 g0 50 ol e
W PR |

3 NIPT s bl gl olilos gl ) caliien slacde
Voo shcwloaal Y Jgaz jo siie 9 Cude 09,5 93
Syp0 V¢ sl Cawdy andllas pl o a8 1S pydiw 350
OV e S0 A 9 VY (pegn S S oLl
odolicve axddlac cpul o VY sogi i 050 V) Lol Cows

Voo W o9y peiline 9590 ) colee Gul a8 w

lllas b LNIPT cos Kbl LT Slasie avylic F Jous

Trisomy 13 Trisomy 18 Trisomy 21 Bgas olaas Jus aslllas ol
FPR DR FPR DR FPR DR
LoelAY e RV LAY 09 7.4/ 1148 Yoy ol adllas
ARIATA ARD ARIAT /A ARIAT AR YYYY YOy Flock, et al ?
- - - - AT 7. AV YA Yoy Jiang, etal *
/- AR /- JARE (A JARE Y Yo Papageorghiou, et al *
ARIAN YRR AYANS 1 asy AR ALY astllas YY YN0 Gill MM, etal
/- TNee LR e RS SEVALYY YYYO Yf Liao, etal '*




Godsl ol Laseli )0 5,0k Glowdly (Swia 33T DNA b3,

eoulsl3T oLty iy pale alowo [As

3 eSS 1y oslBes o NIPT sasis (o), oldlas
S sy b s Bb 5l 5 wloe s T gl
e e VIE oel89 (g)lo L o Fetal fraction JS |50
Fetal fraction .Sl Jg cowl 598 SO (5 oL o
9k 44z )0 el (58 STl e a5l8gs sl )L 5o
&S oo S Aoy IV ) s Gl e Jawgie
o2 iy sbisn oaslie T saz 5 o8 job plas
asJllas DR 5 Cowl yol> dalllas a4y bgy o aslllas 090 diges
ewbie 9 Vb 5l VY 9 VY (o9 5 s sl pol>
aslas 0 FPR yoomen .ol YL Jiang aslas 5l 5 ol
5 Gill asllae 4 5 sl S Gldllae plo 5l Lol
3 (6 i FPR (13l IS g Liao .l aslie il S
ilos 57 5,155 aslice Dlalllas 4550

ey & S9des x5 am adlhe Gl laatily
Sledly 53 i 3] StlSyi el 8l el
Coolaisl 5 Cowls @l Gl 0by Se5 5o 6ol

@‘é)é.s 5 < oy
450 S Sy Sy ald, 4l bl Jol> dlis ol
b oli.;’gLa)’—l g oy SOyl S BT Gl &)
S g o Sladod b cpl aldl o (6,8 Cgz ol

Sy Sy e o Slllhs i | (K il ol
ST SLalS 'y sl Sline p sadshgl WS ()
slwl 0590 ilgs g0 a5 Cowl SSPuis 5l oolazwl b s>
dlie ¥ Jpar 5,5 5 Lis o sum clilllas s
sl b pols addlias NIPT s Szl 1,15 clasis
e s i |y Slalllas

VISY jols asdllas o (gls proiw )0 S50 4 juo Cad
SIS Fe ssba by )3 (45l oy £508 (ks 4 o
Jlo jo L5l Ken g (g0 andllae L aS ol o iso 5l i
Sl a)ﬂ Cawd a3 WYY |y e ol a8 (YY) YT
S8 b g adlas o i cde a4 ol izl a9 0500
OV ool 5555kl anlp (b (si5e (095509,5
O o e Solds s 4 il el s o
A 1) ol (sag3909,S SIS ol )3 Y 9 X pgieeg,S
S (o9 P A ]y (se9i909)S SISE g wje mo 4
aty, a5 ol lis iz anlllae ol (VV-)Y) wies o
OF) cl (559 Glapgjges,S 5l (A i YV (o955
o oK )l (g0l (g alaly a5 Jlose yo adl
20 (0955095 S 0 e s jeb 4 Wl e
SESE @ Slime ploye ;3 jsb res g wBL AL (5 ke
abal, )b C)] SO ogboe JSie Jlzs (s055905,5
Obea b g lop sl sy 0> Sl G JoJ0 4 00 057 (i
S8 0 wilg oo (over-ripeness) e sl (6w
OV all ails (6 a0 Ol LSL seg5505,S

2 3ledl ppnn Sle ay slBed QI phie 390 Sy
Sk 5o a8 ol Gl as saslie ols adlls

REFERENCES

1. Mc Sweeney LC, Monteith C, Kelliher N, Cody F, Tully EC, Dicker P, et al. Changing patterns of invasive fetal
diagnostic testing in the era of NIPT. Am J Obstet Gynecol 2018;218:S162-3.

2. Hartwig TS, Ambye L, Serensen S, Jorgensen FS. Discordant non-invasive prenatal testing (NIPT)-a systematic

review. Prenat Diagn 2017;37:527-39.

3. Sikkema-Raddatz B, Johansson LF, De Boer EN, Boon EM, Suijkerbuijk RF, Bouman K, et al. an online tool for
clinical interpretation of non-invasive prenatal testing (NIPT) results. Sci Rep 2016;6:38359.

4. Norton ME, Jacobsson B, Swamy GK, Laurent LC, Ranzini AC, Brar H, et al. Cell-free DNA analysis for
noninvasive examination of trisomy. New Eng J Med 2015;372:1589-97.

5. American College of Obstetricians and Gynecologists. Committee Opinion: Cell-free DNA screening for fetal

aneuploidy. Sci Rep 2015. 640:1-6.

6. Bianchi DW, Wilkins-Haug L. Integration of noninvasive DNA testing for aneuploidy into prenatal care: what has
happened since the rubber met the road? Clin Chem 2014;60:78-87.

7. Stephanie CY, Chan KA, Zheng YW, Jiang P, Liao GJ, Sun H, et al. Size-based molecular diagnostics using plasma
DNA for noninvasive prenatal testing. Proc Natl Acad Sci U S A 2014;111:8583-8.

8. Song K, Musci TJ, Caughey AB. Clinical utility and cost of non-invasive prenatal testing with cfDNA analysis in
high-risk women based on a US population. J Matern Fetal Neonatal Med 2013;26:1180-5.



M 5ban e Ml 9 Cawgd G o A9 L @ Vol @ Yo 0,90

9. Wald NJ, Lau KW, Bestwick JP, Old RW, Huttly WJ, Cheng R. Specifying a Gold Standard for the Validation of
Fetal Fraction Estimation in Prenatal Screening. Clin Chem 2018;64:1394-9.

10. Oepkes D, Page-Christiaens GC, Bax CJ, Bekker MN, Bilardo CM, Boon EM, et al. Trial by Dutch laboratories for
evaluation of non-invasive prenatal testing. Part I-clinical impact. Prenat Diagn 2016;36:1083-90.

11. Dey M, Sharma S, Aggarwal S. Prenatal screening methods for aneuploidies. North Am J Med Sci 2013;5:182.

12. Flock A, Tu NC, Riiland A, Holzgreve W, Gembruch U, Geipel A. Non-invasive prenatal testing (NIPT): Europe’s
first multicenter post-market clinical follow-up study validating the quality in clinical routine. Arch Gynecol Obstet
2017;296:923-8.

13. Jiang T, Ding J, Zhang XQ, Zhang XJ, Zhang B, Wang T, et al. Analysis of Down syndrome failed to be diagnosed
after prenatal screening: A multicenter study. Medicine 2017;96.

14. Papageorghiou AT, Khalil A, Forman M, Hulme R, Mazey R, Mousa HA, et al. Clinical evaluation of the IONA
test: a non-invasive prenatal screening test for trisomies 21, 18 and 13. Ultrasound Obstet Gynecol 2016;47:188-93.

15. Gil MM, Quezada MS, Bregant B, Ferraro M, Nicolaides KH. Implementation of maternal blood cell-free DNA
testing in early screening for aneuploidies. Ultrasound Obstet Gynecol 2013;42:34-40.

16. Liao GJ, Gronowski AM, Zhao Z. Non-invasive prenatal testing using cell-free fetal DNA in maternal circulation.
Clinica Chimica Acta 2014 ;428:44-50.



