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Abstract: Objective: The study aimed to validate the efficacy of detection of fetal cell-free DNA in maternal plasma of
trisomy 21, 18 and 13 in a clinical setting. Methods: A total of 2340 women at high risk for Down syndrome based
on maternal age, prenatal history or a positive sesum or sonographic screening test were offered prenatal noninva-
sive aneuploidy test. According to the prenatal noninvasive aneuploidy test, the pregnant women at high risk were
offered amniocentesis karyotype analysis and the pregnant at low risk were followed up to make sure the newborn
outcome. Results: The prenatal noninvasive aneuploidy test was positive for trisomy 21 in 17 cases, for trisomy 18 in
6 cases and for trisomy 13 in 1 case, which of all were confirmed by karyotype analysis. Newborns of low risk gesta-
tional woman detected by prenatal noninvasive aneuploidy for trisomy 21, 18, 13 were followed up and no one was
found with trisomy. Conclusions: The prenatal noninvasive aneuploidy test is highly accurate for detection of trisomy
21, 18 and 13, which can be considered as a practical alternative for traditional invasive diagnostic procedures.
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Introduction

Chromosome aneuploidies are a common kind
of genetic defects, which may induce heavy
burden to the society and families. The com-
mon chromosome aneuploidies among fetuses
are trisomy 21 (Down syndrome, T21), trisomy
18 (Edwards syndrome, T18), trisomy 13 (Patau
syndrome, T13). The trisomy 21 is the most
common aneuploidy with prevalence rate at
approximately one in 700 births and the risk of
it increases with maternal age. Births with T21
have one more chromosome in chromosome
21. Specific facial features, severe mental
retardation and growth retardation are the
major clinical manifestations of T21. The mor-
bidity of T13 is estimated at one in 25000. And
the births with T13 have one more chromo-
some in chromosome 13. The malformation
and manifestations of T13 are more severe
than those of T21. Births with T18 have one
more chromosome in chromosome 18 with the
clinical features including mental retardation,
development disorders and deformity. So far,
there is no cure for these chromosomal aneu-

ploidies, nor is there an effective treatment.
Therefore, it is highly significant for us to detect
these fetuses with chromosomal aneuploidy
effectively. Invasive manipulations such as cho-
rionic villi sampling, cord blood sampling and
amniocentesis are used to identify those chro-
mosomal aneuploidies. Villus cells and aminot-
ic cells are cultured and used to make a definite
diagnose by karyotype analysis which were
regarded as golden standards for antenatal
diagnosis of T21, T18 and T13 in the past 3
decades [1]. The diagnosis of karyotype analy-
sis is very accurate, but the invasive of which
may cause intrauterine infection and abortion,
and demands a great experience of techniques
and certain technical equipments. Moreover,
the accurate results of karyotype analysis may
not be obtained due to the bad quality of sam-
pling and cell contamination. It cannot be popu-
larized in all pregnant women using karyotype
analysis to confirm chromosomal aneuploidies.
Therefore, noninvasive prenatal test should be
one of the most important directions in future
of obstetrics.
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Table 1. General data of 2340 pregnant women

Clinical features Cases
Maternal age

< 35 years 2061

> 35 years 279
Gestation age at blood sampling

12-14 weeks 80

15-20 weeks 2239

> 24 weeks 21
Miscarriage history

0 time 2172

1 time 150

2 times 14

>3 times 4
Pregnant women(= 35 years) not screening for T21 147
Down’s syndrome screening (high risk of T21) 1189
High risk of T18 18
Only abnormal results of HCG marker 558
Only abnormal results of AFP marker 319
Only abnormal results of UE3 marker 109
Abnormal results of ultrasound (NT > 2.5mm) 72

HCG: Human Chorionic Gonadotropin; AFP: Alpha-fetoprotein; ug3:
unconjugated estrio; NT: Nuchal Translucency.

The recently developed noninvasive prenatal
test by massively parallel sequencing the cell-
free fetal DNA circulating in maternal peripher-
al blood presents a new era of prenatal screen-
ing. The following studies proved cell-free fetal
DNA circulating in maternal peripheral blood
could be used in prenatal screening for chro-
mosomal aneuploidies [2]. A series of clinical
validation studies [3] showed that the detection
sensitivity for T21 and T18 was greater than
99% and the detection sensitivity for T13
ranged from 78.6% to 91.7%, with less than 1%
false positive rates. However, the above studies
were retrospective study and mainly conducted
in high-risk and advanced maternal age (= 35
years old) populations. The non-invasive prena-
tal test of T21, T18 and T13 using cell-free fetal
DNA circulating in maternal peripheral blood in
our follow-up study, which was with cooperation
of Huada Genomics Institute and the well diag-
nostic value were found.

Materials and methods
Study subjects

From March 2012 to May 2013, a total of 2340
pregnant women with fetuses who were diag-
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nosed as high risk of fetal aneuploidies
such as T21, T18, T13 were enrolled. The
high risks were as follows: over age 35, the
histories of abnormal pregnancy including
children with Down syndrome and repeated
spontaneous abortion, stillbirth in pregnan-
cy periods, abnormal serological screening
for Down syndrome at early and mid preg-
nancy, abnormal screening for fetal nuchal
translucency using color duplex ultrasonog-
raphy between 11-14 weeks of gestation.
Fetal cell-free DNA in matemal plasma was
used to prenatal diagnosis of fetal aneu-
ploidies for these patients. They had a sin-
gleton pregnancy with a gestational age of
12-14 weeks. Among them, 279 women
were > 35 years and 2061 women were <
35 years. The basic characteristics of study
subjects were shown in Table 1.

All women provided written informed con-
sent prior to participation in the current
study and were told that this examine had
the limitations of diagnose for chromosom-
al chimaera and microdeletions. They were
provided with insurance plans on behalf of

Shenzhen Huada Genomics Institute.
Positive results of noninvasive prenatal test

between 16-24 weeks of gestation were in 24
pregnant women. And then they were sched-
uled to receive invasive diagnostic testing
(Amniocentesis). The amnioreduction and
karyotyping were performed in these hosptials
such as Shenzhen Maternal and Child Health
Hospital which had the qualification of prenatal
diagnosis. Fetuses from 2316 pregnant women
with negative results of noninvasive prenatal
test were followed up.

Methods

A total of 5 ml peripheral blood was drawn into
an EDTA tube. Each tube was made a mark and
kept at 4 degrees. Free DNA in matemal plas-
ma was extracted using QlAamp Circulation
Nucleic Acid Kit from Qiagen (Hilden, Germany).
The resulting plasma DNA was sequenced
using new high-throughput sequencing plat-
forms. Compared with base sequence, the
chromosome of free DNA was identified. The
number and percentage of Unique read in each
chromosome was calculated. At last, z-score of
chromosome in samples was analyzed, and the
cases of fetal chromosome aneuploidies (T21,
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T18, and T13) were identified. The flow chart
was seen in Figure 1.

Statistical analysis

The software package SPSS 13.0 was conduct-
ed for statistical analysis. Kappa statistic was
employed to evaluate concordance between
the two methods. P<0.05 was regarded as
significance.

Results
General data of pregnant women

A total of 2340 pregnant women were enrolled
in this study. General data including gestational
age, conceptional age at time of blood drawing,
screening result for Down syndrome and nuchal
translucency were seen in Table 1. The testing
results of fetal free DNA in plasma from all
pregnant women for T21, T18 and T13 were
seen in Figure 2. The comparison results of
T-score between pregnant women with high
risk of fetal aneuploidies suchas T21, T18, T13
and normal pregnant women were seen in
Table 2.

Results of prenatal diagnosis from fetal free
DNA in maternal plasma

Once fetuses were regarded as high risk of
T21, T18 and T13 through detection of fetal
free DNA in maternal plasma, karyotyping were
employed to make a definite diagnosis with
fetal aneuploidies. According to the detection
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results of fetal free
DNA in maternal plas-
ma, all fetuses with
low risk of T21, T18
and T13 were followed
up and there was no
case of fetal aneuploi-
dies among them,
seen in Table 3.

Discussion

Down syndrome, Pat-
Bioinformatics au syndrome and
Analysis Edwards syndrome are
the most common
chromosomal  aneu-
ploidies in prenatal
testing and the major
cause of congenital
mental retardation. Among them, 90% Down
syndrome occurs due to nondisjunciton of chro-
mosome 21 during the period of meiosis [4].
These diseases with chromosomal aneuploi-
dies were mainly intervened by prenatal screen-
ing and diagnose. At present, the pregnant
women firstly are conducted prenatal screen-
ing, and then invasive operations are per-
formed for women with high risk of chromosom-
al aneuploidies according to the result of prena-
tal screening. Invasive prenatal testing are
directly employed to pregnant women with
advanced maternal age (= 35 years old) and
history of Down syndrome in births. Serum
markers such as AFP, HCG and uE3 are detect-
ed in Down syndrome screening at early (7-12
weeks) and mid (15-20 weeks) pregnancy. The
possibility of the fetus developing into a genetic
disease are evaluated in combination with
Down syndrome screening results, ultrasonic
parameters, age, gestational weeks and weight.

Previous studies documented that the detec-
tion accuracy for T21 was greater than 90% [5],
with a high false positive rate. It was usually
hard to get ideal detection rate due to the dif-
ference in health care, economic level and
screening strategy among countries and areas.
Children with Down syndrome were usually
born on account of leak detection. In this study,
only 24 cases (1.026%) were diagnosed with
T21, T18 or T13 in 2340 pregnant women with
abnormal screening results or demanding pre-
natal testing. Meanwhile, because of false
position existence in these techniques, preg-
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nant women with normal fetuses may receive
invasive prenatal diagnose, which may brought
risks of abortion and intrauterine infection for
normal pregnant women. One normal fetus in
all three T21 cases miscarried when pregnant
women with high risk received invasive prena-
tal testings [6, 7]. The shortcomings of these
prenatal screening and diagnoses were as fol-
lows: they were only suitable for pregnant
women with 10-20 gestational weeks and the
screening markers were strictly accordance
with duration of pregnancy.

Lo et al. firstly discovered that fetal cell-free
DNA floated in maternal blood in 1997 [8]. The
results of lilanes et al. showed cell-free fetal
DNA in maternal blood could be detected and
obtained reliable result at 4 and 7 weeks of
gestation respectively [9]. The cell-free fetal
DNA in maternal blood mainly from apoptotic
trophoblastic cells and fetal cells existed in the
form of small fragments. The cell-free fetal DNA
accounted for 3-6% of total DNA in maternal
plasma [8, 10]. The cell-free fetal DNA in mater-
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nal blood is the basic of non-invasive prenatal
diagnosis. Lo et al. [11] demonstrated that
PLAC4 gene located in chromosome 21, only
specially expressed in placenta and not in
maternal tissues, which provided scientific
foundation for clinical application of cell-free
fetal DNA in non-invasive prenatal diagnose of
chromosomal aneuploidies. The features of
cell-free fetal DNA including content-rich, small
fragments, only 163 bp size, simple sampling
and analysis techniques, and detection at early
pregnancy leaded cell-free fetal DNA to easily
apply to the high-throughput detective method
of clinical large samples [12].

Fan et al. [13] reported that Down syndrome
was firstly detected by high-throughput shotgun
method using plasma samples at 14 weeks
pregnancy. In this method, millions of short
DNA fragments from fetus and mother were
sequenced and the sequence tag density of
certain chromosome was calculated. Then,
copy-number change of fetal chromosomal
aneuploidy or fetal smaller chromosomal imbal-
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Table 2. The results of T value in pregnant women with high risk of
T21, T18 and T13 using noninvasive prenatal testing of cell-free fetal

no damage to maternal
and child. This method

DNA in maternal blood

was particularly suitable
for pregnant women with

Case NO. Karyotype T-score
s1 Trisomy 21 6.618500358 advanced maternal age,
s2 Trisomy 21 6.310893329 because they need prena-
tal diagnose for increased
S3 Trisomy 21 5.092127056 risk of chromosomal
S4 Trisomy 21 6.968898206 aneuploidies more fre-
S5 Trisomy 21 7.059833972 quently. Watt et al. [14]
S6 Trisomy 21 6.463319739 reported that a woman's
S7 Trisomy 21 7.042486975 fertility —declines  over
S8 Trisomy 21 5.840891226 time,  particularly  for
s9 Trisomy 21 6.403097077 women with age over 35
S10 Trisomy 21 5.483233799 years. MOSt” Ofb these
11 Tisomy 21 sowsrores  Momen usually became
S12 Trisomy 21 7.666579033 assisted reproductive
S13 Trisomy 21 6.494635916 technology, thus the safe-
S14 Trisomy 21 6.191701823 ty of pregnancy was great
S15 Trisomy 21 7.041483212 important for them. And
S16 Trisomy 21 5.539834097 invasive pregnant diag-
S17 Trisomy 21 5.2479369 nose may give them a
s18 Trisomy 18 6.595397725 very heavy burden. In this
S19 Trisomy 18 6.893230399 study, 279  pregnant
$20 Trisomy 18 8.205994041 women with over age 35
. years directly took non-
S21 Trisomy 18 9.522978803 invasive prenatal diag-
S22 Trisomy 18 10.76841774 nose due to the short-
S23 Trisomy 18 7.715531248 coming of invasive prena-
S24 Trisomy 13 5.837859312 tal diagnose. The final

Table 3. The comparison results between noninvasive prenatal testing

and amniocentesis testing

results showed that only
15 cases (5.38%) had
abnormalities and other
264 cases had normal

noninvasive prenatal
testing (cases)

karyotype analysis

results. non-invasive pre-

Trisomy 21 17
Trisomy 18 6
Trisomy 13 1
Low risk of Trisomy 21, 18, 13 2316

(cases) natal diagnose undoubt-
17 edly were beneficial for
6 them. Lee et al. suggest-
1 ed that fetal DNA content
0 in plasma of pregnant

ances was examined. Cell-free fetal DNA in
maternal blood was applied to diagnose with
T21, T18 and T13 by high-throughput sequenc-
ing platforms with cooperation of Huada
Genomics Institute. This method could reduce
pregnant women’s anxiety caused by waiting
results for it can be firstly employed for detec-
tion of plasma samples at 12 weeks pregnancy.
Non-invasive pregnant diagnose using cell-free
fetal DNA in maternal blood can reduce physi-
cal and psychological burden of pregnant
women for its advantages ofsafe, reliability and
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women with T21 fetus
were 1.7 times of that of
normal pregnant women [15], which also indi-
cated these women were suitable for this non-
invasive prenatal diagnose. Copy-number anal-
ysis of fetal chromosome using cell-free fetal
DNA in maternal blood brought a breakthrough
for clinical technology of non-invasive prenatal
diagnose.

This study validated the efficacy of noninvasive
prenatal aneuploidy test of T21, T18 and T13
using cell-free fetal DNA in maternal blood in a
clinical setting. Newborns of low risk gestation-
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al woman who were detected by noninvasive
prenatal aneuploidy for T21, T18, T13 were fol-
lowed up and no one was found with trisomy.
The difference between pregnant women with
high risk of fetal aneuploidies such as T21,
T18, T13 undertaking the cell-free fetal DNA
method and these pregnant women undertak-
ing amniocentesis was compared. The detec-
tive sensitivity and specificity of non-invasive
prenatal genetic diagnose were 100%.
Moreover, controlled multicenter clinical trials
are needed to further explore the accuracy of
cell-free fetal DNA in maternal blood for detect-
ing the fetal aneuploidies, because there were
not enough samples in this study. With the
development of biological technologies such as
DNA separation and purification, real-time PCR
and so on, the detection of cell-free fetal DNA in
maternal blood will be much more popularized
for prenatal screening and diagnose. The cell-
free fetal DNA has many advantages, but some
problems are still needed to be resolved. For
example, this method is not applied in sex chro-
mosome aneuploidies. With progress of molec-
ular biological technologies, we think the detec-
tion of cell-free fetal DNA in maternal blood will
play an more important role in screening for
chromosome aneuploidies.
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