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Abstract
We evaluated the clinical utility of high-throughput sequencing for fetal abnormalities detected with 

ultrasound examination. This study included pregnant women who were at risk for fetal aneuploidy with or without 
ultrasonography abnormalities, and who underwent invasive surgery. High-throughput sequencing was used for 
cell-free fetal DNA analysis, and some positive results were compared with conventional karyotyping. This study 
involved 971 pregnancies, cell-free fetal DNA identified 15 of 18 (83.33%) as fetal Down syndrome, 4 of 5 (80.00%) 
as trisomy 18, and 0 of 1 (0.00%) as trisomy 13. Comparing high-throughput sequencing results with conventional 
fetal karyotypes, we observed that sequencing revealed sub-chromosomal duplications or deletions, but results 
of karyotyping showed aberrations in chromosome structure or a normal karyotype. One chromosomal balanced 
translocation was inherited from the mother, another one chromosomal abnormalities was inherited from the father. 
When fetal chromosomal abnormalities were found by ultrasound abnormalities, non-invasive prenatal testing 
should not be recommended for the genetic evaluation. Invasive procedure should be first offered to the pregnant 
woman when abnormal nuchal translucency or other ultrasound abnormalities were found. During invasive prenatal 
diagnostic testing, fetal chromosomal anomalies should be evaluated by high-throughput sequencing combining 
with conventional karyotyping.

Keywords: High-throughput sequencing; Ultrasound anomalies; 
Prenatal diagnosis; Conventional karyotyping; Southern China

Introduction
Chromosomal aneuploidy is the most common of chromosome 

abnormalities and includes trisomy 21, trisomy 18, trisomy 13, and 
some sex chromosome aneuploidies, such as 45, X, 47, XXY, and 47 
XYY. Prefumo’s group found that some ultrasonographic indices 
in early pregnancy could be used to evaluate the fetus with Down 
syndrome, such as increased nuchal translucency, absence of nasal bone, 
or hypoplasia [1]. Since the 1970s, pregnant women older than 35 years 
old were screened for Down syndrome and serological examination 
was subsequently used to access risk. At present, the most widely used 
fetal assessment is ultrasound plus maternal serum biochemistry [2,3]. 
In 1997, Lo’s group reported that cell-free fetal DNA (cffDNA) was 
present in peripheral blood of pregnant women, and this led the way to 
non-invasive prenatal testing (NIPT) based on cffDNA [4].

The development of NIPT using high-throughput sequencing 
(HTS) of cffDNA in maternal peripheral blood plasma provides an 
alternative approach for measuring fetal genetic aberrations and it 
is safe, requiring only blood samples. Many clinical studies indicate 
that NIPT can be used to confirm common chromosome aneuploidy 
(trisomy 21, 18 and 13) with high sensitivity and specificity and these 
data are increasingly accepted in clinical practice [5-8]. Non-invasive 
identification of microdeletions and microduplications at a resolution 
comparable to microarray analysis has been shown to be feasible [9,10]. 
NIPT can be carried out in the first 12 weeks of pregnancy, accelerating 
fetal data collection. Information obtained may facilitate pregnant 
women and their partners making decision, performing invasive 
prenatal diagnosis or ultrasonographic follow-up. Thus, we evaluated 
the application of HTS for non-invasive or invasive prenatal testing 
for pregnancies at high risk for fetal chromosomal abnormalities as 
identified with ultrasound.

Materials and Methods
Patient cohort 

From January to December 2016, pregnant women participated 
in prenatal testing at the Meizhou People's Hospital (Huangtang 
Hospital), Meizhou Hospital Affiliated to Sun Yat-sen University. This 
study was approved by the Ethics Committee of Meizhou People’s 
Hospital, Huangtang Hospital, Meizhou Hospital Affiliated to Sun Yat-
sen University and all patients signed informed consents. Subjects were 
considered with high-risk for fetal aneuploidies, included advanced 
maternal age alone (older than 35-years of age), maternal serum 
screening for high risk, abnormal fetal ultrasound findings, or a history 
of pregnancy with trisomy and who were willing to undergo invasive 
procedures. All pregnancies were a singleton or twin pregnancy and 
were well past 11 weeks of gestation.

Genetic testing    

Before NIPT was performed, 5 to 10 mL of peripheral blood was 
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collected in an EDTA tube from each pregnant woman. In order to 
separate plasma, blood was centrifuged at 1,600 × g for 10 min at 4°C. 
Next, plasma was transferred to a new polypropylene tube, centrifuged 
at 16,000 × g for 10 min at 4°C to precipitate the remaining cells 
[11,12]. According to kit instructions, cffDNA was extracted from 
600 μL of maternal plasma, using a QIAamp DSP DNA Blood Mini 
Kit (Qiagen). Then, according to the Ion Plus Fragment Library Kit 
(Life Technologies), DNA from maternal plasma was used for library 
construction, finally, according to the manufacturer’s instructions (Life 
Technologies), semiconductor sequencing was performed using an 
Ion Proton instrument at 400 flows. If invasive diagnostic testing was 
performed, fetal tissues (amniotic fluid or chorionic villus sampling) 
were obtained according to standard procedures. Tissues were assayed 
with HTS (CapitalBio Genomics) and conventional karyotyping.

Data collection

We reviewed the medical records to extract pregnant women 
information, such as maternal age and weight, gestational age at time of 
NIPT blood sampling, results of NIPT and karyotyping, and the results 
from follow-up ultrasound.

Results
From January to December in 2016, 971 pregnant women were 

performed with prenatal genetic testing, and NIPT was used as a first-
line test for identification of genetic aberrations. Figure 1 depicts the 
design flow and subjects enrolled. 

Results of NIPT 

Figure 1 depicts outcomes for 911 pregnancies studied. When 
NIPT was performed, ultrasound anomalies were present in only 

one fetus for all multiple pregnancies (Figure 2). Characteristics of 
pregnant women included in the cohort are presented in Table 1. In 
two cases, findings of NIPT and findings of diagnostic testing were 
discordant. In one specific case, when ultrasound was performed at 18 
weeks of gestational age, no fetal structural anomalies were observed. 
Due to a prior positive serum marker, NIPT was applied at 20 weeks 
and suggested trisomy 21 and follow-up ultrasound at this time 
revealed an absent nasal bone and nuchal fold thickening, suggestive 
of trisomy 21. Fetal tissue obtained by amniocentesis for traditional 
karyotype analysis and confirmed trisomy 21, then, the pregnancy was 
terminated. In the second case, fetal with trisomy 18, no ultrasound 
anomalies were observed at 12 weeks but 3 weeks later, a ventricular 
septal defect, tricuspid regurgitation, and overlapping fingers were 
confirmed.

Sub-chromosomal aberrations were identified using NIPT for 
six other pregnancies. We suspected for one case was maternal 
origin because of a relatively high region-specific Z-score. Follow-up 
ultrasound showed no structural anomalies, but these data were not 
confirmed with HTS of the mother’s genomic DNA.

Comparison of NIPT results with conventional fetal 
karyotype

For 35 pregnant women, NIPT was performed with conventional 
fetal karyotyping. Ultrasound data were not obtained for 5 (3 pregnancies 
diagnosed as trisomy 21) of 35 pregnancies. Patients were stratified 
based on fetal ultrasound findings (structural or “soft markers”). Group 
1 included 16 patients without abnormal fetal ultrasound findings but at 
high-risk according to NIPT. Group 2 included 14 patients at high-risk 
with abnormal fetal ultrasound findings (fetal nuchal fold thickening 

 
Figure 1: Group A: The couple underwent high-throughput sequencing and karyotyping, the result of maternal was normal, but the paternal sequencing result 
was the same as the fetal, indicated that the fetal chromosomal abnormalities were inherited from father. Group B: The result of fetal karyotyping was the same 
as maternal, considering that the abnormality was inherited from mother. *Of these 40 pregnant women, 20 performed NIPT in other hospitals, and performed 
conventional fetal karyotyping in Meizhou People's Hospital (Huangtang Hospital), Meizhou Hospital Affiliated to Sun Yat-sen University. † Of these 892 pregnant 
women, 1 performed NIPT in other hospital and performed conventional fetal karyotyping in Meizhou People's Hospital (Huangtang Hospital), Meizhou Hospital 
Affiliated to Sun Yat-sen University (NIPT: Non-invasive prenatal testing, HTS: High-throughput sequencing, dup: Duplication, del: Deletion, der: Derivative, inv: 
Inversion, t: Translocation).
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or multiple structural anomalies). In Group 1, NIPT and conventional 
fetal karyotype data were discordant. In Group 2, NIPT confirmed fetal 
karyotype, and only one was 45, XO with a normal fetal karyotype. 
Ultrasound follow-up confirmed intra-uterine demise (Table 2).

Comparison of HTS results with conventional fetal karyotype

For 39 pregnant women, HTS and conventional fetal karyotyping 
was performed and after analysis, subjects were placed into two groups. 
Group 1 included 5 patients with no abnormal fetal ultrasound findings, 
and 3 cases with normal fetal karyotypes, one with trisomy 21. Another 
one was confirmed as balanced translocation, because the result of fetal 
karyotyping was the same as maternal, considering that the abnormality 
was inherited from mother. Group 2 included 34 patients at high-risk 
of multiple congenital anomalies, soft markers, or other anomalies. 
HTS data suggested subchromosomal duplications or deletions, but 
karyotyping showed aberrations in chromosome structure or data 
were normal. For one patient in our study, a positive karyotyping 
result for chromosome 21 was observed, but HTS confirmed high-level 
mosaicism (60%). We speculated that the mosaicism may be an artifact 
of contamination from chorionic villus sampling. Another normal 
NIPT and fetal karyotype results had abnormal HTS data indicating 
subchromasomal duplications. The couple had sequencing and 
karyotyping and maternal data were normal but paternal sequencing 
result was the same as fetal data suggesting that the fetal chromosomal 
abnormalities were inherited from father (Table 3).

Discussion
This is the first evaluation of the application of HTS for non-

invasive or invasive prenatal testing of pregnant women at high risk 
for fetal chromosomal abnormalities found based on ultrasonography. 
Our results show that NIPT should not be as a genetic assessment 

Figure 2: Ultrasonic examination of NIPT: Non-Invasive Prenatal Testing, HTS: 
High-Throughput Sequencing.

Parameters Value
Maternal age (years)

Median (range) 32 (17-44)
Maternal weight at time of NIPT (kilogram)

Median (range) 56 (31-95)
Singleton pregnancy

Yes 879 (96.49%)
No 32 (3.51%)
Gestational age at time of NIPT (weeks)

Median (range) 16 (11-30)

Table 1: Characteristics of pregnant women included in the study (n=911).

NIPT result Fetal karyotype
Group 1 (n=16)

Positive trisomy 21 (n=7) Positive trisomy 21 (n=4)
Positive trisomy 18 (n=2) Positive trisomy 18 (n=1)
Positive trisomy 13 (n=1) Positive trisomy 13 (n=0)

Sex chromosome aneuploidies (n=5) Sex chromosome aneuploidies (n=1)
Other* (n=1) Other* (n=0)
Normal (n=0) Normal (n=10)

Group 2 (n=14)
Positive trisomy 21 (n=8) Positive trisomy 21 (n=8)
Positive trisomy 18 (n=3) Positive trisomy 18 (n=3)
Positive trisomy 13 (n=0) Positive trisomy 13 (n=0)

Sex chromosome aneuploidies (n=1) Sex chromosome aneuploidies (n=0)
Other* (n=0) Other* (n=0)
Normal (n=2) Normal (n=3)

Table 2: Comparison of NIPT results with conventional fetal karyotype according 
to the absence (Group 1) or presence (Group 2) of fetal findings at ultrasound 
examination. 

Groups HTS result Fetal karyotype Tissue

Group 1 
(n=5)

47, XN, +21 47, XN, +21 AF
46, XN, del (14q32.33) 

~1.26Mb Normal AF

Normal 6, XN, t (4;21) (q3.2; p11.2)B AF

Group 2 
(n=34)

47, XXY 47, XXY AF
46, XN, dup (14q21.1-q22.3) 

~18Mb 46, Xn, dup(14)(q21.1q22.3) AF

6, XN, dup (5q23.3) 
~0.76Mb 45, XN, der(14;15)(q10;q10) AF

47, XX, +21[60]/46, XX[40] 47, XN, +21, inv(9)(p13q13) CVS
46, XN, dup (2q36.3) ~1Mb
& dup (20p12.1) ~0.48Mb Normal AF

46, XN, del (17q12) 
~1.68Mb

& dup (Xp11.3-p11.3) 
~0.6Mb

Normal AF

46, XN, dup (7p21.1) 
~0.5Mb Normal AF

46, XN, del (22q11.21) 
~3.32Mb 46, Xn, inv(9)(p13q13) AF

47, XN, +13 47, XN, +13 AF

47, XN, + 21 46, XN, der(14;21)
(q10;q10),+21 AF

46, XN, dup (8p11.21-p11.1) 
~0.66Mb

& dup (Xp22.2) ~0.56MbA
Normal AF

46, XN, dup (Xq13.1) 
~0.46Mb Normal AF

Normal (n=1) Normal (n=1) CVS
Normal (n=19) Normal (n=19) AF

HTS: High-throughput sequencing, del: Deletion, AF: Amniotic fluid, t: 
Translocation, dup: Duplication, CVS: Chorionic villus sampling, der: Derivative, 
inv: Inversion. Group A: The couple underwent throughput sequencing and 
karyotyping, the result of maternal was normal, but the paternal sequencing result 
was the same as the fetal, indicated that the fetal chromosomal abnormalities 
were inherited from father. Group B: The result of fetal karyotyping was exactly 
the same as maternal, considering that the abnormality was inherited from mother. 

Table 3: Comparison of HTS results with conventional fetal karyotype according 
to the absence (Group 1) or presence (Group 2) of fetal findings at ultrasound 
examination.
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diagnostic test for the etiology of ultrasound abnormalities. Because 
of the resolution and sensitivity, or negative predictive values were 
inferior to conventional G-band karyotyping.

With NIPT, a fetal DNA fraction of 4% or greater is estimated, 
resolution and sensitivity of NIPT is mainly limited by sequencing 
depth when sufficient fetal DNA was presence [13,14]. Predictably 
that technology will advance to allow non-invasive detection of 
microdeletions and microduplications. But, even though the resolution 
and sensitivity of NIPT is comparable to microarray analysis, it cannot 
be recommended for genetic assessment of the source of abnormal 
ultrasound because maternal genetic aberrations may exist and 
complicate analysis of abnormal results. Although NIPT can be used 
as a first-tier test for identifying genetic problems, abnormal results 
demand microscopic G-band karyotyping. Furthermore, NIPT has low 
efficacy for detecting trisomy 13 and sex chromosomal abnormalities, 
which may be related to chromosome copy number variability and may 
be limited by our small sample size [15,16]. Thus, more work is needed 
to validate sequencing data to improve efficiency.

HTS can be used to identify major chromosomal aneuploidy 
and submicroscopic changes too small to find with conventional 
karyotyping (resolution 5-10 Mb) [17]. Duplicated or deleted sections 
of DNA or “copy number variants” can be what? HTS can identify 
nearly all abnormalities detectable with karyotype (except for structural 
abnormalities or triploidy, structural abnormalities such as balanced 
translocations). In this study, we noted that fetal chromosomal 
abnormalities with sub-chromosomal duplications cannot be 
detected by conventional fetal karyotyping, because the paternal 
sequencing result was the same as the fetal data. This indicated that the 
abnormalities were inherited from the father. Another pregnancy, with 
a normal sequencing result, was confirmed as a balanced translocation 
by conventional karyotyping, because fetal karyotyping was the same as 
the maternal data, suggesting that the abnormality was inherited from 
mother. So, we recommend HTS for invasive prenatal genetic plus 
conventional fetal karyotyping for pregnancies at high-risk for fetal 
chromosomal abnormalities as indicated by ultrasound. This study is 
limited by a lack of outcomes assessment with ultrasound follow-up.

Conclusion
NIPT should not be recommended for the genetic evaluation of 

fetal chromosomal abnormalities when ultrasound abnormalities 
were found. In the case of fetal with abnormal nuchal translucency or 
other ultrasound findings, pregnant woman should be first offered an 
invasive procedure. During invasive prenatal diagnostic testing, fetal 
chromosomal anomalies should be evaluated by high-throughput 
sequencing combining with conventional karyotyping.
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