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Abstract. The aim of the present study was to evaluate the 
efficacy of using non‑invasive DNA testing technology in 
screening Down's syndrome among women of advanced 
maternal age (AMA) and to provide evidence for prenatal 
screening of Down's syndrome. With a double‑blind design, 
8 ml of peripheral venous blood samples were collected from 
87 women aged ≥35 years after 12 weeks of pregnancy. All 
cases were recorded with unique identification cards with clin-
ical details and followed up until delivery. All the non‑invasive 
prenatal testing results were confirmed by amniotic fluid fetal 
karyotyping (the gold standard of aneuploidy test), follow‑up 
examination by neonatologists or neonatal blood karyotyping. 
The sensitivity, specificity and other indicators of non‑invasive 
DNA testing technology were calculated based on the data of 
87 women of AMA. Among the 87 women of AMA, 5 were 
cases with abnormal numbers of chromosomes (3 cases of 
trisomy 21, 1 case of trisomy 18 and 1 case of 47, XXX). 
The sensitivity and specificity reached 100% for trisomy 21, 
trisomy 18 and 47, XXX. The present study supports that 
non‑invasive DNA testing is a useful method of AMA screening 
of Down's syndrome with 100% accuracy. Therefore, it can be 
used as an important alternative screening method for Down's 
syndrome in women of AMA.

Introduction

Non‑invasive analysis of fetal genetic traits via material blood 
has been commonly used for the prenatal diagnosis of Down's 
syndrome (1). Such detection is initially promising; however, 
a large majority of examinations using fetal cells enriched 
from maternal blood have reduced due to the scarcity of the 
cells (2). In 1997, Lo et al (3) reported the presence of fetal 

DNA in maternal blood for the first time. Following this, the 
non‑invasive prenatal test (NIPT) was initially conducted 
through sequencing technique (4,5). Compared to other geno-
typing technology, DNA sequencing has a higher accuracy, 
and can detect new mutations effectively. Even though the 
first‑generation traditional Sanger sequencing technology is 
already highly automated, the sequencing throughput is low as 
a larger DNA fragment cannot be quickly sequenced.

The second‑generation high‑throughput sequencing 
technology is a breakthrough with high‑throughput sequencing 
and shorter test cycles. The high‑throughput sequencing 
overcomes the limit of gene chip technology, which is unable 
to identify a new gene. As the high‑throughput sequencing 
technology has only been established recently, it has not yet 
reached its full development potential. This technology can 
only store extremely limited transcriptome information. In the 
past decades, next‑generation sequencing (NGS) technology 
has been developed, and its experimental techniques and 
post‑data analysis theory have matured and accumulated a 
huge public database. Therefore, NGS technology remains 
the dominant technology. However, we believe that in the 
near future, high‑throughput sequencing technology will 
be improved and be more widely used. Second‑generation 
high‑throughput DNA sequencing technology is gaining 
increasing attention and is expected to become one of the 
preferred options of prenatal screening for Down's syndrome.

In the present study, the use of non‑invasive DNA testing 
technology for the screening of Down's syndrome was evalu-
ated in Chinese advanced maternal age (AMA) women.

Materials and methods

Participants. In total, 87  women of AMA who received 
prenatal screening between January 2012 and December 2013 
at the Obstetrics and Gynecology Hospital of Fudan University 
(Shanghai, China) were enrolled in the study. The inclusion 
criteria were as follows: i) Aged ≥35 years at the time of 
delivery; ii) single birth; iii) high risk of Down's syndrome 
or single abnormal multiple of the median; iv) elevated fetal 
nuchal translucency (NT) in the early pregnancy, a soft 
marker in the genetic scan, or cardiac structural abnormalities 
in the second‑trimester genetic sonography; v) not suitable 
for invasive prenatal diagnosis, such as those with human 
immunodeficiency virus infection, placenta previa, low‑set 
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placenta, oligohydramnios, Rh‑negative blood type, a history 
of abortion, threatened abortion or precious pregnancy. Those 
with chromosomal diseases, or received allogeneic blood 
transfusion, organ transplantation, stem cell therapy, or with 
a gestational age of <12 weeks were excluded from the study. 
Written informed consent was obtained from each participant. 
The protocols were approved by the Ethics Committee of the 
Obstetrics and Gynecology Hospital of Fudan University.

Measurements. Peripheral blood (8 ml) was collected from 
each participant 12 weeks after pregnancy. High‑throughput 
sequencing was performed using the 12‑plex Hiseq 2000 
platform (Berry and Kang Biotechnology Co., Ltd., Beijing, 
China) by personnel who were blinded to the study. All 
the NIPT results were confirmed by the gold standard of 
aneuploidy test‑amniotic fluid fetal karyotyping, follow‑up 
examination by neonatologists or neonatal blood karyotyping. 
Hospital records for each participant were available with 
detailed clinical data and they were follow‑up until delivery.

Non‑invasive DNA second‑generation high‑throughput 
sequencing technology. Illumina (Solexa, San Diego, CA, 
USA) sequencing was adopted in the non‑invasive DNA 
second‑generation high‑throughput sequencing using the 
sequence by synthesis method (6‑8). Briefly, maternal blood 
(8 ml) was collected in EDTA and anticoagulant tubes. The 
samples were centrifuged at 1,600 x g for 10 min at 4˚C. 
Subsequently, the supernatant was transferred to centrifuge 
tubes, followed by centrifugation at 16,000 x g for 10 min at 
4˚C to obtain the plasma. 

DNA extraction was performed using the magnetic bead 
separation technique using a Tecan Genesis Workstation 
RSP 150 instrument (Tecan Germany, Crailsheim, Germany), 
according to the manufacturer's protocol (9). PCR amplifica-
tions were performed in a total volume of 50 µl containing 22 µl 
DNA, 25 µl Phusion DNA polymerase and 1 µl of each PCR 
primer under the following conditions: Predenaturation at 98˚C 
for 30 sec, followed by 15 cycles of denaturation at 98˚C for 
10 sec, annealing at 65˚C for 30 sec and extension at 72˚C for 
30 sec. Finally, the samples were extended at 72˚C for 5 min.

Statistical analysis. Burrows‑Wheeler Aligner software (10) 
was used to compare the sample sequences to the human 
genome reference sequence. BGPD v2.0.1 software was used 
to calculate each chromosome sequence statistics. Z‑score of 
the proportion of each chromosome (% chrN) was calculated 
as:
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The actual prevalence of samples was assessed by Z values 
(cutoff: Z=3). The sensitivity, specificity and other indicators 
of non‑invasive DNA detection technology were calculated 
using SPSS 16.0 software (SPSS, Inc., Chicago, IL, USA).

Results

Participant characteristics. A total of 87  women 
(37.48±2.17 years) of AMA who had a single birth received 
prenatal screening between January 2012 and December 2013 

at the Obstetrics and Gynecology Hospital of Fudan University 
were included in the study. The median gestational age at the 
time of blood collection was 19.0 weeks (12.4‑32.5 weeks). 
Amniocentesis was performed in 24.1% (21/87) of the 
participants. A total of 42 participants received serological 
screening, among which 19 exhibited positive results. A total 
of 81 received sonography screening, and 13 exhibited positive 
results. The demographic information of the participants is 
listed in Table I.

Karyotyping analysis. Karyotyping abnormalities were 
identified in 5 cases (6.2%) using the amniocentesis, including 
trisomy  21 (n=3), trisomy  18 (n=1), and 47,  XXX (n=1). 
However, a false‑negative sample with a katyotype of 45, X 
was identified using the non‑invasive DNA testing technology 
in addition to the karyotyping abnormalities using the amnio-
centesis (Table II).

Evaluation results of non‑invasive DNA testing technology. 
Table III summarizes the sensitivity and specificity of the 
non‑invasive DNA testing technology. These results indicated 
an accuracy and specificity of 100% for the non‑invasive DNA 
testing of AMA for trisomy 21, trisomy 18 and 47, XXX, 
respectively.

Z‑score results of chromosome 21. In the present study, the 
Z‑score of chromosome 21 in all the cases was determined. 
The results indicated that the Z values were ≥3 in the 3 cases 
of trisomy 21, which was significantly different compared with 
those of the non‑Down's syndrome cases (P<0.05) (Fig. 1).

Discussion

Down's syndrome is one of the most common fetal chromosomal 
abnormalities worldwide. In China, children with Down's 
syndrome are entitled to disability benefits and a pension, 
which places a huge economic burden on the family and 
society.

Table II. Karyotype analysis.

	 Non‑invasive
Karyotype	 DNA testing, n (%)	 Amniocentesis, n (%)

Trisomy 21	 3 (3.45)	 3 (3.45)
Trisomy 18	 1 (1.15)	 1 (1.15)
47, XXX	 1 (1.15)	 1 (1.15)
45, X	 1 (1.15)	 0 (0.00)
Normal 	 81 (93.10)	 82 (94.25)

Table I. Demographic information.

Screening	 Positive screening, % (no. positive/total)

Serological	 45.2 (19/42)
Sonography	 16.0 (13/81)
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In the past two decades, NIPT for aneuploidy using 
cell‑free DNA in maternal plasma has been considered as 
a revolutionary prenatal screening and diagnostic method. 
In 1997, Lo (11) initially discovered cell‑free fetal DNA in 
maternal plasma, which allowed novel possibilities for the 
non‑invasive prenatal screening and diagnosis. Non‑invasive 
prenatal diagnosis of trisomy 21 has been well‑acknowledged 
using the methylated DNA immunoprecipitation technique, 
as the cell‑free fetal DNA fragments were extensively methyl-
ated (12). To the best of our knowledge, a relative amount of 
free DNA of chromosome 21 was detected in the maternal 
plasma in the fetus with Down's syndrome compared to refer-
ence chromosomes. These subtle changes may be accurately 
detected by high‑throughput sequencing technology.

In the present study, 87 women of AMA were included, 
and an accuracy and specificity of 100% was obtained for 
the screening of trisomy 21 using non‑invasive DNA testing. 
On this basis, it is reasonable to speculate that this new 
technology is effective for the prenatal screening of Down's 
syndrome, and may be served as the first‑line choice. Despite 
the good sensitivity and accuracy of such a technique, there 
remain limitations in the study. The sample size was small, 

which does not represent the whole population. In the future, 
studies with larger sample sizes are required to investigate the 
sensitivity and specificity of non‑invasive second‑generation 
high‑throughput DNA testing technology for the screening of 
trisomy 21.

An increasing number of studies have shown that cell‑free 
fetal DNA in maternal blood is an indicator for the detec-
tion rate of trisomy 21, trisomy 18 and trisomy 13, which 
were ≥99, 97 and 79%, respectively, while the corresponding 
false‑positive rate of aneuploidy for each were 0.1, 0.1 and 
0.4%, respectively. In those studies, the averaged age of preg-
nant women was 33.5‑37 years, and the averaged maternal 
age of patients with trisomy 21 was 35.4‑39.6 years. Among 
these cases, the majority (68.3%) of women were of AMA, 
and 36.8% of them were >38  years  (13‑16). In addition, 
Chiu et al (17) reported that the Z‑score of chromosome 21 
in pregnant women with trisomy 21 fetuses was significantly 
higher than those of the normal control. To the best of our 
knowledge, the second‑generation sequencing technology 
was initially used for the non‑invasive prenatal screening in 
a previous study (18). In the study, all 9 cases of trisomy 21 
(Down's syndrome), 2 cases of trisomy 18 (Edwards' syndrome) 

Table III. Evaluation of non‑invasive DNA testing technology.

	 Positive, % (no. positive/total)
	 --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Variable	 Trisomy 21	 Trisomy 18	 47, XXX	 45, X

Sensitivity	 100 (3/3) 	 100 (1/1)	 100 (1/1)	     N/A
Specificity	 100 (84/84)	 100 (86/86)	 100 (86/86)	   99 (86/87)
Positive predictive value	 100 (3/3)	 100 (1/1)	 100 (1/1)	     N/A
Negative predictive value	 100 (84/84)	 100 (86/86)	 100 (86/86)	 100 (86/86)

Figure 1. Z‑scores of chromosome 21 in all cases. The red bars indicate Down's syndrome; the cut-off value of trisomy 21 is 3.
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and 1 case of trisomy 13 (Patau syndrome) were identified in 
a cohort of 18 normal and aneuploid pregnancies. Thus far, 
the largest clinical trial carried out the largest international 
clinical study, which included 212 cases of trisomy 21‑posi-
tive pregnant women and 1,484 cases of negative samples of 
trisomy 21 (19). They obtained the accuracy rate of 98.6% 
(209/212) and a false‑positive rate of 0.20%. However, the 
sensitivity and specificity of non‑invasive prenatal detection of 
trisomy 21, trisomy 18 and trisomy 13 did not achieve 100%. 
Therefore, it should not be used as a diagnostic test to replace 
invasive diagnosis in high‑risk pregnant women, but as a 
screening tool to guide further diagnosis (20).

In the present study, cell‑free fetal DNA second‑generation 
sequencing technology showed the following advantages for 
the prenatal screening. Firstly, a high detection rate and a 
low false‑positive rate were identified to the target disease. 
Secondly, it is suitable to a wide gestational age range, such as 
early pregnancy, middle pregnancy, and even after 23 weeks of 
pregnancy. Thirdly, the process is relatively simple and quality 
control is easy. Finally, it can effectively reduce the number of 
prenatal invasive diagnosis. However, such a technique is not 
suitable for the prenatal screening of multiple births, chimeras 
and parents with chromosome abnormalities.

In conclusion, the non‑invasive prenatal screening of 
trisomy  21 in women of AMA with higher sensitivity, 
specificity and accuracy is superior to the commonly used 
method based on maternal age, fetal ultrasound and maternal 
serum biochemistry. In particular, such technology will 
reduce the invasive procedures, and eliminate the associated 
risks in women with a high‑risk of giving birth to a baby with 
trisomy 21 and were not suitable for invasive prenatal diag-
nosis. In the future, cell‑free fetal DNA testing is expected 
to be an effective screening method for Down's syndrome in 
AMA women.
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