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Background: Non-invasive prenatal testing (NIPT) for aneuploidy in pregnant women
screening has been recently established in Saudi Arabia. We aim from this study
to report our experience in the implementation of this new technology in clinical
practice and to assess factors influencing cell-free fetal (cffDNA) fraction and successful
NIPT reporting.

Methods: In total, 200 pregnant women were subjected to the NIPT test using
standard methods. Next-generation sequencing (NGS) was used to analyze cffDNA in
maternal plasma.

Results: Out of the 200 NIPT cases, the average age of pregnant women was
35 + 6 years (range: 21-48 years). The average cffDNA fraction of reported cases
was 13.72% (range: 3-31%). Out of these 200 cases, 187 (93.5%) were at low risk,
while 13 (6.5%) cases revealed high risk for aneuploidy. Among these chromosomal
abnormalities, 7 (3.5%) cases of Down’s syndrome, 5 (2.5%) Edwards’ Syndrome, and
only 1 case of (0.5%) Patau’s syndrome was observed. Out of the 13 high-risk cases, 2
(15.3%) were found in women below the age of 30.

Conclusion: This is the first study reporting the successful implementation of an in-
house NIPT screening service in Saudi Arabia. Our data showed high accuracy and
sensitivity to detect high-risk cases indicating the usefulness of such a technique as an
alternative to invasive testing and (hopefully) will change the common screening practice
for pregnant women in Saudi Arabia.

Keywords: aneuploidy, chromosomal duplications, deletions, fetal DNA, next generation sequencing, non-
invasive prenatal testing (NIPT)

Abbreviations: NIPT, Non-Invasive Prenatal Testing; CFF DNA, Cell-Free Fetal DNA; NSG, Next-Generation sequencing;
CGH, Comparative Genomic Hybridization; IRB, Institution Review Board; NGH, National Guard Hospital; KAIMRC, King
Abdullah International Medical Research Centre; FISH, Fluorescence In Situ Hybridization.
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INTRODUCTION

Congenital abnormalities in the fetus are considered one of
the most important causes of infant death (Wapner and Lewis,
2002). One type of congenital abnormality is aneuploidy, which
is defined as the gain or loss of one or more chromosomes from
the normal chromosome number (Avent et al., 2009). Down
syndrome or trisomy 21 (T21) is one of the most common
chromosomal abnormalities, occurring with a frequency of 1
per 800 live births (Ehrich et al., 2011). Trisomy 18 (T18)
Edward syndrome and trisomy 13 (T13) or Patau syndrome are
also among the high prevalent autosomal aneuploidy with an
incidence of (1 per 5,000 live births for Trisomy 13 and 1 per
16,000 live births for Trisomy 13, respectively) (Baty et al., 1994;
Hassold and Hunt, 2001). In Saudi Arabia, 6.7% of recurrent
pregnancy loss is caused by chromosomal abnormalities (Al-
Ghamdi and Makhashen, 2016), and Down syndrome is
considered the most common chromosomal anomaly with a
prevalence of 6.6 per 10,000 children (Al Salloum et al., 2015).

In 1997, Lo et al. (1997) reported that cffDNA can be
quantified in the plasma from pregnant women. Subsequently,
this finding paved the way for developing new applications
in clinical practice that relied on analyzing this fetal genetic
material, i.e., detecting fetal sex and Rh blood group type (Rather
et al,, 2019). cfIDNA comprises of approximately 3-13% of the
mother’s cell-free DNA and is released into maternal circulation
from placental cells undergoing apoptosis. The amount of
cffDNA increases with increasing gestational age and is cleared
hours after delivery (American College of Obstetricians and
Gynecologists (ACOG), 2016). The identification of cffDNA
in the maternal circulation accompanying rapid advances in
sequencing technology has allowed the analysis of circulating
cffDNA to be executed with considerable sensitivity and
specificity. Since 2011, Non-invasive prenatal testing (NIPT)
has been recommended as an extremely accurate method for
pregnant women with a high risk of fetal aneuploidy by
the American College of Obstetricians and Gynecologists and
the Society for Maternal-Fetal Medicine (American College of
Obstetricians and Gynecologists (ACOG), 2015).

Currently, in most practices, prenatal diagnosis utilizes non-
invasive methods to screen for fetal anomalies. High-risk results
will be followed by invasive tests such as amniocentesis and
transcervical Chronic Villus Sampling (CVS), which may increase
the risk of spontaneous abortion of 1 in 455 and 1 in 900
pregnancies, respectively (Carlson and Vora, 2017).

Validation studies showed that the NIPT sensitivity for
detecting T21 Downs Syndrome was nearly 99%, whereas the
sensitivity for detecting T18 Edwards Syndrome and T13 Patau
Syndrome was 88-100%, and the specificity was 100% (Ashoor
et al., 2012; Sparks et al., 2012a; Zimmermann et al., 2012). The
overall reported detection rate for T13, T18, and T21 was 98.9%
with a false positive rate of 1.4% (Devers et al., 2013).

Currently, NIPT is not considered a diagnostic tool following
recommendations of the American College of Medical Genetics
and Genomics (ACMG) and National Society of Genetic
Counselors (NSGC) (Devers et al., 2013; Gregg et al., 2016;
National Society of Genetic Counselors (NSGC), 2016). As per
the ACMG, NIPT can replace conventional screening for Patau,

Edwards, and Down syndrome beginning at 9-10 weeks of
gestational age and across the maternal age spectrum, and for
patients who are not significantly obese (Gregg et al., 2016). In
addition, the International Society for Prenatal Diagnosis (ISPD)
supports NIPT as a primary test offered to all pregnant women
whereas women with high-risk pregnancies should be offered
invasive prenatal diagnosis (Benn et al., 2015).

In this present study, we describe our experience in
introducing NIPT service in King Abdulaziz Medical City located
in Riyadh, Saudi Arabia. Our main goal was to report the
implementation of this new technology in clinical practice
and change the existing workflow of high-risk pregnancy
for aneuploidies. Our second goal was to assess clinically
significant factors influencing cffDNA fraction and successful
NIPT reporting. In conclusion, to the best of our knowledge, this
is the first study highlighting the experience of the integration of
NIPT in the medical care setting in Saudi Arabia.

MATERIALS AND METHODS

Study Approval and Consent

This study was approved by the Institutional Review Board
(IRB) of King Abdullah International Medical Research Center
(KAIMRC), Riyadh, Saudi Arabia (RC19/115/R-Approved July,
2019). The participants went through a full clinical assessment
for the genetic and rare diseases at the Obstetrics and Gynecology
Clinic of the Ministry of National Guard Hospital (MNGH),
Riyadh, Saudi Arabia. A detailed review of the informed consent
form was performed with participants, this included details of
anonymization and storage of clinical data and dissemination of
findings. In addition, informed consent forms were signed by
all participants.

Study Subjects

A total of 200 pregnant women aged between 21 and 43 years
were recruited in the current study from October 2019 to
August 2020. All participants conceived naturally and had a
singleton pregnancy with a gestational age of at least more than
10 weeks. Full and detailed family history for any chromosomal
abnormality are obtained together with weight and High for
each recruited patient. To confirm the number of fetuses and
gestational age, an ultrasound scan was performed on every
participant included in this study.

Blood Samples and Genomic DNA

Extraction

Approximately 5-10 ml of the peripheral venous blood sample
was collected from each participant for NIPT in a cell-free DNA
blood collection EDTA tube (Streck, Omaha, NE, United States)
and each tube was allocated an anonymous unique medical
record number and accession number. Within 6 h of collection,
the blood samples were centrifuged in two steps: first spin
at 1,600 rpm for 10 min. Plasma was transferred to 2 ml
microcentrifuge tubes followed by the second spin at 14,500 rpm
for 12 min to remove remaining residual cells in the samples
and kept at —20°C for DNA extraction (Lau et al, 2013).
From each plasma samples (2 ml), genomic DNA extraction
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experiments were performed by using QIAamp Circulating
Nucleic Acid Kit from Qiagen (Hilden, Germany) according to
the manufacturer’s protocol. The extracted cell-free DNA, which
comprises both maternal and fetal cell-free DNA fragments,
thus subsequently used for the preparation of DNA libraries
(Srinivasan et al., 2013).

DNA Library Preparation

DNA library preparation was performed using the IONA®
Library Preparation Plate-1 kit (United Kingdom). Library
preparation consists of the sequential stages namely DNA end
repair, barcode adaptor ligation, and PCR amplification. The end
repair reaction involves incubation of the DNA sample with an
enzyme mix (T4 DNA polymerase, Klenow DNA polymerase,
and T4 polynucleotide kinase) to produce blunt-ended DNA
fragments. The fragments are also phosphorylated at the 5" end
to allow for subsequent ligation of the adaptor. The thermal
cycler condition for end repair reaction was 25°C for 20 min
followed by 70°C for 10 min (Sparks et al., 2012c). After the
completion of the end repair reaction, the barcode adaptor
ligation was performed by using a unique barcode for each
sample and enzyme mix (DNA ligase and DNA polymerase)
according to the manufacturer protocol. The samples were put
in the thermal cycler at 25°C forl5 min followed by 65°C
for 5 min. Thereafter, an adaptor ligation clean-up reaction
was performed before PCR amplification to remove unused
adaptors by using IONA® Library Preparation Kit plate-1 9
(United Kingdom) (Sehnert et al., 2011). After the clean-up stage,
the PCR amplification reaction was performed by using the PCR
mix, which contains a high-fidelity DNA polymerase enzyme
and PCR primers designed to bind sequences in the adaptor
oligonucleotides, which in turn is used to generate the amplified
DNA library. The PCR cycling conditioned was 98°C for 30 s (1
Cycle) followed by 98°C for 10 s, 58°C for 30 s, and 72°C for
30 s (11 cycle) and finally holding at 72°C for 5 min. Moreover, a
DNA library multiplex was cleaned up using the paramagnetic
bead reagents in the IONA® Library Preparation Kit plate-1
(United Kingdom) to remove unused PCR primers and master
mix (Palomaki et al., 2011).

DNA Library Size Selection and NGS

The DNA libraries were selected according to size so that
the fragments lie within the suitable read length range for
the NGS platform. First of all, the paramagnetic beads were
added to the DNA library pool, which binds to larger unwanted
fragments present in the sample, while the supernatant which
contains the desired DNA library was retained. Furthermore,
the size selected DNA library pool was quantified according
to manufacturer protocol (High Sensitivity DNA Reagents &
Agilent 2100 Bioanalyzer) (Liao et al, 2014). Thereafter, the
DNA library pool and run control provided in the IONA®
Library Preparation Kit was diluted to the required concentration
for the NGS reaction. Finally, NSG of the multiplexed DNA
libraries were performed according to the protocol provided by
the manufacturer (Ion Chef and IonS5 XL, Life Technologies, SD,
United States), and 12 samples per chip (Ion 540™ Chip-Life
Technologies) were analyzed (Sparks et al., 2012b).

Bioinformatics Analysis of NGS Data

The resulting data were processed by the IONA® Software
(Variant Caller, Life Technologies) in comparison with the
reference sequence (GRCh37 Sequences), which calculates
the likelihood of an affected or unaffected pregnancy
for each of the trisomys investigated by the IONA®
test. The types of fetal chromosome abnormality were
predicted through the dynamic threshold method and
the quadratic element segmentation algorithm (Lau et al,
2014). All data collected and included were consented
and approved.

Statistical Analysis
After data collection,
was  performed by

statistical
STATISTICS

retrospective
IBM  SPSS

analysis
26.0.

TABLE 1 | Descriptive statistic of 200 pregnant women recruited in this studly.

Features Number Percentage (%)
Ethnicity

Saudi 199 99.5
Other than Saudi 1 0.5
Maternal age (year)

21-25 15 7.5
26-30 25 12.5
31-35 42 21
36-40 77 38.5
More than 40 41 20.5
Average age 35.69 -
Range 21-48 -
Gestational age at the time of NIPT (weeks)

10-16 98 49
17-20 23 1.5
More than 20 79 39.5
Average gestational age 19.14 -
Range 10-32 -
Fetal DNA fraction (%)

4-10% 60 30
11-20% 123 61.5
More than 20% 17 8.5
Average fetal DNA fraction 13.38 -
Range 4-31% -
Gender

Male 106 53
Female 93 46.5
Sex determination failure 1 0.5
Previous history

Yes 34 17
No 166 83
Body mass index (kg/m?)

Under 18.5 kg/m? 3 1.5
Normal weight (18.5-25) 37 18.5
Overweight (25-30) 55 27.5
Obese (over 30) 105 52.5
Average 30.84 -
Range 15-48 —
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FIGURE 1 | Distribution of cfDNA fetal fraction percentage of all the 200 NIPT cases.

A
Pearson correlation
p-value 50.01
300 0
8 0 00 0 o
S
S
8 [N 0 0 0 0
3 w0 o 0o 00 0
3 0 00 0% % oo g
=1 T L 0, 0 m 0o %20 Y o
g8 0 =0 L i
s ® 04 % B oght B0y o 0
100 00 c0 el g0 ‘@ 0
g 0 80% goo 0
% oo 20 og
() 0
0 0
0
o
1000 2000 3000 w00 000
BMI
w00
300 o
b o o o o 00
s
£ 0
& 0, 0 2 5 0
5 o et o 000 9%
< 00 0, o
= & 0 % @9 00, 0 00 §
= SER— - 0 0.0 0 0 0 00
a8 v 0 00 o pe— —oo0d® § ~ °
° 0 o’ 0% o o —
100 4 = 00N 2l 8 oo 0
8 0 %%, o
0% 00 Lo o B g ° o
0, o
o

4000 c0.00 5000 10000 12000 14000

Weight (kg)

fraction. (D) Scatterplot of gestational age and cfDNA fetal fraction.

c .
Pearson correlation R=-0.15
Javiibyiy
]
0
% 0 0 0 000 0
5
= 0
8 ) 0 8 000 0
$® : ° §0 1 0 98 g0 ,
= 0 0
2 000, 88g 8 gofaogonegoe o
5 U Y OUU VHUg Uob
1 00 oofogoh g% 8oy, o
0 ﬂ 800000 00
0 8 08008 0 0
0
0
o s = = m = =
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Descriptive data analysis was presented by mean values
and standard deviations, while categorized data were
compared by percentage. Correlation analysis were also
used, and the Pearson value was calculated (significant
if <0.01).

RESULTS

Participant Clinical Description
In our study, a total of 200 pregnant women were recruited
between October 2019 and August 2020. Almost all the eligible
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participants were of Arab ethnicity and Saudi nationality, had a
single fetus and more than 10 weeks of gestation. The average age
of pregnant women was (35.7 & 6) years with a range between 21
and 48 years. Despite our recommendation to the obstetricians
to enroll pregnant women within (10-14) weeks of gestation, the
average gestational age at the time of NIPT in this study was
19.14 weeks with a range of 10-32 weeks. As shown in the chart
below almost half of the cases 98/200 (49%) underwent NIPT
at 10-16 weeks, while 102/200 (51%) at more than 20 weeks.
The median body mass index BMI was 30.84 kg/m? and in the
range of 15-48 kg/m?. Furthermore, of the 200 cases in this
study, only 34 (17%) participants had a previous family history
for any chromosomal aneuploidy. Detailed clinical descriptions
of all participants are summarized in Table 1 below.

Fetal Fraction Outcome and Related
Factors

The average cfIDNA fraction of reported cases was 13.26% and in
the range of 4-31%. Among them, 60 cases showed (4-10%) fetal
fraction, 123 cases showed (11-20%) while 17 cases obtained a
fetal fraction of (> 20%) as presented in Figure 1. On the other
hand, gestational age showed a positive correlation related to fetal
fraction, while maternal age, body weight, and BMI showed no
significant correlation to fetal fraction as shown in Figure 2.

NIPT Screening for Trisomy 21,18,13, and

Fetal Gender

Out of 200 cases, 187 (93.5%) were low risk for aneuploidies
(Euploidy), while 13 (6.5%) cases were revealed as high risk.
Among these chromosomal abnormalities, 7 (3.5%) cases were
Down’s syndrome, 5 (2.5%) Edwards’ Syndrome, and only 1
(0.5%) Pat au’s syndrome. As described in Table 3, among these
13 high risk cases 2 (1%) were reported in pregnant women
within the age of (21-30 years), an additional 3 cases (1.5%)
were reported within the ages of (30-35 years), another 6 cases
(3%) within the ages of (36-40 years), and the last 2 cases (1%)
in pregnant women > 40 years. Moreover, the results revealed
a total of 199 cases of which 103 (53%) of the fetuses were
males and 93 (46.5%) were females with only one case of failed
sex determination.

NIPT Performance for Detecting Fetal

Trisomy

All the NIPT results obtained were verified by following up the
results of invasive prenatal diagnosis through fluorescence in situ
hybridization (FISH) for high-risk cases and newborn follow-up
for low risk cases. All low-risk cases were confirmed to be true
negative, while for high-risk cases 7 out 7 (100%) cases of T21,
4 out of 5 (80%) cases of T81, and 1 out of 1 (100%) cases of
T13 were found to be true positive. However, we found only one
false positive case of T18, no other cases were false negatives.
Detailed descriptions of all high-risk cases are summarized in
Table 2 below.

DISCUSSION

Fetal chromosomal abnormalities are major reasons for
developmental delay and intellectual disability (Capalbo et al.,
2017). Golden standards for the detection of chromosomal
abnormalities are conventional prenatal testing techniques such
as karyotyping, CGH, and microarray-based technologies. These
conventional screening methods require testing of fetal fluid
through invasive approaches, like amniocentesis, which increases
the risk of miscarriage, vaginal bleeding, and intrauterine
infection in pregnant women (Cuckle and Maymon, 2016;
Pos et al., 2019).

With the discovery of cffDNA by Lo et al. (1997) in
pregnant women, NIPT using a high-throughput sequencing
method is widely adopted for clinical detection of chromosomal
abnormalities (Lo et al, 1997). This high-throughput DNA
sequencing technique can effectively detect large-scale genetic
mutations in a short time, with high accuracy and specificity
for trisomy T21, T18, and T13. Since 2011, NIPT has been
recommended by the American College of Obstetricians and
Gynecologists and the Society for Maternal-Fetal Medicine as an
extremely accurate method of the detection of fetal aneuploidy
for high risk pregnant women (Gregg et al., 2016).

Out of the total number of participants, 13 (6.5%) of
them showed chromosomal abnormalities (Figure 3). It is
well established that maternal age is associated with a rapid
decline in the production of healthy and high-quality oocytes
(REFERENCE) resulting in reduced fertility in women older

TABLE 2 | Clinical finding of 200 pregnant women recruited for NIPT.

Chromosome aneuploidy Number Percentage (%)
Total 200 100
Low risk 187 93.5
High risk (T21) 7 3.5
High risk (T18) 5 2.5
High risk (T13) 1 0.5
Total high risk aneuploidy (T21,718, and T13) 13 6.5
False positive for T21 Nil —
False positive for T18 1 0.5
False positive for T13 Nil -
Total false positive (T21,T18, and T13) 1 0.5
Total false negative (T21,T18, and T13) Nil -

Bold values indicates that total number of the cases.

TABLE 3 | Correlation of age with high risk for T21, T18, and T13.

Maternal age (Year) Low risk High risk for T21, T18, and T13
21-25 13(6.5%) 1(0.5%)

26-30 30(15%) 1(0.5%)

31-35 41(20.5%) 3(1.5%)

36-40 64(32%) 6(3%)

More than 40 39(19.5%) 2 (1%)

Total 187 (93.5%) 13 (6.5%)

The bold values is to highlight total number of the cases.
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HIGH RISK PREGNANCY CLINIC €

* Gestational age >10 weeks
* Singleton fetus

¢ Family history

* Advance maternal age

* Abnormal fetus ultrasound

Candidate inclusion criteria:

NIPT by NGS for T21,T13, and T18 risk (N=200) |

Low risk (N=187)

A 4

High risk (N=13)

A 4

Diagnostic testing
* CVS(10-13 weeks)
* Amniocentesis (>15
weeks)

Negative for Confirmed aneuploidy

N

Routine care

FIGURE 3 | Study summary for all the NIPT recruited cases.

aneuploidy (N=1) (N=12)

than 35 years of age. Maternal age is a major concern for
aneuploidy and genetic disorders in the offspring in the context
of an increased proportion of mothers having children at older
ages (Kuliev et al, 2003). The association of mothers age
and chromosomal aneuploidy in a fetus is also reflected in
this study. Among 200 samples investigated in this study, 13
(6.5%) were high-risk cases, out of these 13 cases, 8 (61.5%)
were found to be in the pregnant women whose age was
more than 36 years. However, we did identify two cases of
aneuploidy in the age group 21-30 years. Although previously
ACOG Guidelines recommended the use of NIPT in pregnant
women age 35 years and older, we found that the age of
our high-risk group started earlier which agreed with more
recent recommendations of ACOG guidelines to offer NIPT
for pregnant women regardless of their age and risk factors
(Rose et al., 2020). These clinical findings have been summarized
in Table 3. Moreover, high-risk cases were confirmed by an
invasive test like amniocentesis for further confirmation of
chromosomal abnormalities. However, we only found one “false
positive” case which can be attributed to placental mosaicism (Li
et al,, 2020), no other cases were “false negative.” Hence, NIPT
substantially reduced the number of invasive tests (Noh et al.,

2019). Additionally, our data showed no correlation between
increased BMI of pregnant women and reduced cffDNA fetal
fraction, which can be explained by increased gestational age for
those women (Livergood et al., 2017). This finding coincides with
previously reported results by Flock et al. (2017).

In summary, this study highlights a successful experience of
the implementation of NIPT in the Arab region. Moreover, the
central role of such a screening test comes from its ability to
detect high risk fetal aneuploidy of chromosome 21,13, and 18
even before any minor or major markers appear in first trimester
ultrasound screening. Overall, these findings shed light on the
clinical value of NIPT for early detection and intervention in
Saudi Arabia, particularly in an era of an increased childbearing
age of Saudi women.

CONCLUSION

In conclusion, prenatal screening using high throughput DNA
sequencing based NIPT is a predominantly secondary screening
test in the Kingdom of Saudi Arabia. We have shown that
the performance of NIPT can detect Down, Edward, and
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Patau syndromes with high accuracy and specificity. Therefore,
this study offers further evidence of its accuracy, specificity,
simplicity, and that it can be performed at an early gestational
age. Furthermore, NIPT utilizing a low coverage (0.1x) whole-
genome sequencing approach provides a unique possibility to
screen for a wider spectrum of fetal chromosomal abnormalities
beyond common aneuploidies at an affordable cost. However,
it is important to note that one of NIPT’s limitations is that it
can produce false positive or false negative results. Therefore,
NIPT cannot be considered a confirmatory test, hence, high-risk
positive results require further invasive testing for confirmation.
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