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ABSTRACT. We evaluated the system accuracy of noninvasive 
prenatal diagnosis for abnormal chromosome genetic diseases using 
cell-free fetal DNA in maternal plasma. Previous studies were searched 
in the MEDLINE database using the following keywords: “prenatal” 
and “aneuploidy” and “noninvasive or non-invasive” and “maternal”. 
Identified studies were filtered using a QUADAS instrument. Four studies 
were identified and analyzed using QUADAS. The studies included 
4167 cases of Down syndrome patients determined by noninvasive 
prenatal diagnosis with a sensitivity of 100% and specificity of 99.3%; 
There were 3455 cases of Edwards syndrome patients determined 
by noninvasive prenatal diagnosis with a sensitivity of 97.4% and 
specificity of 99.95%. Therefore, noninvasive prenatal diagnosis can be 
used to identify abnormal chromosomes with high accuracy using free 
fetal DNA in the maternal plasma.
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INTRODUCTION

Abnormal chromosomes can cause severe diseases resulting in fetal anomaly and hy-
poplasia and have an occurrence rate of 1 in 600-800 (Avent, 2013). Abnormal prenatal di-
agnosis began in the 1970s. Currently detection methods involve several steps. First, gravida 
is determined to identify if a woman is at high risk using serological and ultrasonographic 
methods, typically for Down’s syndrome screening. Karyotyping or fluorescence in situ hy-
bridization (FISH) (the traditional diagnosis method) is conducted to determine the presence 
of chromosome abnormalities in the fetus in the high-risk gravida (Qu et al., 2013). A limita-
tion of this traditional diagnosis method is the false positive rate of 5% in Down’s syndrome 
screening (Alldred, 2012), and karyotyping as well as FISH are invasive diagnosis methods 
that unnecessarily cause high-risk gravidas to suffer from the pain of chorionic villus, umbili-
cal cord blood collection, and amniotic fluid puncture (Stumm et al., 2012).

Free fetal DNA in maternal plasma, reported by Lo et al. (1997), enables noninva-
sive diagnosis of fetal chromosome abnormalities. Sequencing and polymerase chain reaction 
(PCR) are conducted after extracting maternal blood to detect free fetal DNA in the maternal 
plasma (noninvasive diagnosis). Currently, fetal genetic diseases are determined relative to 
gender with free fetal DNA using the conventional clinical method (Liu et al., 2012). How-
ever, there is a large number of maternal free DNA segments in the maternal plasma, which is 
a challenge when identifying chromosome abnormalities (Simpson, 2013).

In this study, we analyzed relevant previous studies examining abnormal chromosome 
diagnosis with high accuracy using free fetal DNA in maternal plasma. Our results support the 
need for large-scale clinical studies and clinical applications of this method.

MATERIAL AND METHODS

Search criteria

The MEDLINE database was searched to identify studies published from 1997-2013 
that included the following keywords: ‘‘prenatal’’ and ‘‘aneuploidy’’ and ‘‘noninvasive’’ or 
non-invasive and ‘‘maternal’’. The language was set to studies published in English or Chinese.

Selected standard

The following selection criteria were used: 1) the study objective was to determine 
the accuracy of noninvasive prenatal diagnosis for genetic diseases involving chromosome 
abnormalities by using free fetal DNA in the maternal plasma or serum; 2) the method for 
determining accuracy could be compared to the traditional standards, karyotyping and FISH.

Literature selection

Two groups of independent researchers experienced in the field evaluated the relatedness 
of the studies by examining the study titles and abstracts using the selection criteria. Studies 
meeting the selection criteria were included in our analysis, while studies showing inconsistencies 
were re-evaluated by experienced researchers by reading the full paper. When the same data had 
been published many times, only the latest publication was selected for our analysis.
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Data collection

All studies examined in this analysis were required to include accuracy analysis for 
noninvasive diagnosis and synchronized comparison analysis for the traditional karyotyping 
method. Sensitivity and specificity for all data for the noninvasive method were estimated for 
the studies selected by combination. The confidence interval was 95%.

RESULTS

Literature selection

The selection method is shown in Figure 1. A total of 160 studies were identified using 
the keywords. By screening titles and abstracts, 22 studies related to noninvasive prenatal di-
agnosis were screened and selected for full-text reading. Among these, 15 studies were related 
to new technology and new methods, but did not examine noninvasive prenatal accuracy on a 
large-scale, and thus were excluded. Three of the 7 remaining studies were excluded because 
no standard control was used, no original data were included, or chromosomal abnormalities 
causing diseases were not examined. Four studies were included in this analysis.

Figure 1. Study selection process.
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Analysis

The characteristics of the studies examined are shown in Tables 1 and 2. Four studies 
in total were selected for analysis. Lau et al. (2012) recently conducted noninvasive prenatal 
diagnosis of 567 high-risk gravida. Eight Down syndrome patients and 1 Edwards syndrome 
patient were diagnosed, which were found to be false-positive and false-negative by karyotyp-
ing. Noninvasive prenatal diagnosis has been shown to have an accuracy of 100% and speci-
ficity of 100%, preventing gravidas from suffering through unnecessary invasive diagnosis 
with high false-positive rates.

References	 Number of	 Actual case number	 Case number	 Case number of	 Sensitivity 	 Specificity	 Methods
	 gravidas	 of Down syndrome	 detected	 false positive

Lau et al.	   567	     8	     8	 0	 100%	 100.00%	 Noninvasive sequencing
Norton et al.	 2888	   80	   81	 1	 100%	   99.97%	 Noninvasive sequencing
Chiu et al.	   232	   86	   87	 1	 100%	 97.7%	 Noninvasive sequencing
Ehrich et al.	   480	   39	   40	 1	 100%	 99.7%	 Noninvasive sequencing
Sum	 4167	 213	 216	 3	 100%	 99.3%

Table 1. Noninvasive prenatal diagnosis data counting about Down syndrome.

References	 Number of	 Actual case number of	 Case number	 Case number of	 Sensitivity 	 Specificity	 Methods
	 gravidas	 Edwards syndrome	 detected	 false positive

Lau et al.	   567	   1	   1	 0	 100.0%	 100.00%	 Noninvasive sequencing
Norton et al.	 2888	 38	 37	 2	   97.4%	   99.93%	 Noninvasive sequencing
Sum	 3455	 39	 38	 2	   97.4%	   99.95%

Table 2. Noninvasive prenatal diagnosis data for Edwards syndrome.

Norton et al. (2012) reported that chromosomes 21 and 18 (used for determining high-
risk) were analyzed with a sequencing method using the sample of free fetal DNA from the 
maternal plasma; the experimental design was a cohort study involving multiple centers. The 
results showed that 81 of the 2888 gravidas were Down syndrome patients, although 1 was 
false-positive. The detection rate was 100%, while the false-positive rate was 0.03%. In the 
38 Edwards syndrome patients, 37 patients showed positive results, 2 of which were false-
positives. The detection rate was 97.4%, while the false-positive rate was 0.07%.

Chiu et al. (2011) analyzed 753 samples from gravidas and 314 gravidas separately 
using 8- and 2-plex sequencing. The detection rate of Down syndrome using 8-plex sequenc-
ing was 79.1% and the specificity was 98.0%; the detection rate using 2-plex sequencing 
was 100% and the specificity was 97.7%. The result was that 2-plex method was selected in 
analysis due to 8-plex.

Ehrich et al. (2011) analyzed 480 samples of gravidas in 2011, and 13 samples could 
not be analyzed in our study because of insufficient sampling and quality issues. Eighteen 
samples of genome DNA passed quality control. There were a total of 449 samples, of which 
39 cases were diagnosed as Down syndrome. One case was not Down syndrome with chromo-
some abnormality, showing a sensitivity of 100% and specificity of 99.95%.

According to the literature data, the sensitivity of detection of Down syndrome using 
noninvasive sequence diagnosis was 100% and the specificity was 99.3%; the sensitivity of 
detection of Edwards syndrome was 97.4% and the specificity was 99.95%.
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DISCUSSION

Chromosome abnormalities can result in severe disease, causing fetal anomaly and 
hypoplasia with an occurrence rate of 1 in 600-800 (Avent, 2013). Prenatal diagnosis of ab-
normalities originated in 1970s. Currently, the gravida is first determined to be high-risk us-
ing serological and ultrasonographic methods for Down’s syndrome screening. Karyotyping 
or FISH, steps in the traditional diagnosis method, is conducted to determine the presence 
of abnormal chromosomes in the fetus in high-risk gravidas (Qu et al., 2013). However, the 
traditional diagnosis method shows a false-positive rate of 5% in Down’s syndrome screening 
(Alldred et al., 2012), and karyotyping as well as FISH are invasive methods, causing high-
risk gravidas to experience unnecessary pain for chorionic villus, umbilical cord blood collec-
tion, and amniotic fluid puncture.

Free fetal DNA in maternal plasma was reported by Lo et al. (1997), making nonin-
vasive diagnosis for fetal chromosome abnormalities possible using noninvasive techniques 
such as PCR. Currently, conventional clinical methods are used to determine fetal genetic 
diseases resulting from chromosomal abnormalities based on gender, but the large number 
of maternal free DNA segments in the maternal plasma limit the ability to detect abnormal 
chromosomes.

Verweij et al. (2012) reported a systematic analysis of the accuracy of noninvasive 
sequencing for prenatal diagnosis of Down syndrome. Because of rapid developments in se-
quencing technology and improvements in free fetal DNA analysis technology, this technol-
ogy has been expanded for diagnosing Edwards syndrome and other chromosome genetic 
diseases, as well as increased the sensitivity and specificity in diagnosis. However, sensitivity 
and specificity can change at different science research levels and experimental levels in vari-
ous hospitals during clinical application. Additionally, since 2012, the ability to detect Down 
syndrome has greatly increased in specificity and sensitivity. Two recent studies showed sen-
sitivities of 100% and specificities of 100 and 99.97%. However, the sensitivity and specificity 
of Edwards syndrome diagnosis remain low. Thus, the development of methods for diagnosing 
individual chromosomal abnormalities requires further analysis.

Therefore, methods of noninvasive prenatal diagnosis of diseases involving chromo-
somal abnormalities using free fetal DNA in maternal plasma are sensitive and specific. The 
method used to diagnose Down syndrome has become more advanced, while the application 
for Edwards syndrome diagnosis requires additional research. The promotion of noninvasive 
sequencing prenatal diagnosis technology may be more widely used as the cost decreases.
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