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Summary

The discovery of cell-free fetal nucleic acids in the plasma of pregnant women has al-
lowed the development of new, noninvasive prenatal diagnostic tests for the determi-
nation of fetal gender and Rh. These tests have been implemented in the public health 
system in several countries of Europe for over five years. The new possibilities for diag-
nostic use of these technologies are the detection of fetal chromosomal aneuploidies, 
monogenic fetal disorders, and placental-related disorders, subjects that have been in-
tensively studied by several groups around the world. The aim of this review was to assess 
the Brazilian research and clinical scenarios regarding the utilization of commercially 
available tests that use these plasma markers, stressing the advantages, both economic 
and safety-related, that non-invasive tests have when compared to those currently used 
in the Brazilian public health system. 
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Introduction

The development and improvement of noninvasive diag-
nostic tests are consistently pursued goals in medicine. 
The discovery of cell-free fetal DNA in the blood of preg-
nant women1, associated with the extreme sensitivity of 
molecular biology techniques that can detect very small 
amounts of nucleic acids, has enabled the development 
of new assays for noninvasive prenatal diagnosis (PND). 

Research shows that cell-free fetal DNA comprises 
about 6% of the total amount in maternal circulation2, 
and is completely eliminated after the delivery3 (half-life 
of 16 minutes). These nucleic acids are released mainly 
by apoptosis of the trophoblast cells that form the pla-
centa4-6. Their isolation from maternal blood is relatively 
simple, inexpensive, and adaptable to the routine of clini-
cal laboratories. 

The main technical difficulty of this type of analysis is 
the differentiation between cell-free fetal DNA and cell-
free maternal DNA, which is present in plasma at higher 
amounts than the former; this differentiation is only pos-
sible when fetal genes or DNA segments with sequences 
that are different from the maternal genotype are analyzed.  

In addition to DNA, messenger RNAs (mRNAs)7 and 
microRNAs (short sequences of RNAs with post-tran-
scriptional regulatory function)8 of fetal origin also cir-
culate in the maternal plasma. The analysis of these types 
of nucleic acids has an advantage over DNA analysis, as 
it allows the evaluation of fetal gene expression, which 
may reflect not only genetic characteristics (DNA) of the 
fetus, but momentary physiological situations9,10.   

The aim of this review was to assess the Brazilian 
scenario regarding noninvasive prenatal diagnostic test-
ing, emphasizing tests that are already available in clini-
cal practice in several countries, and to explore what is 
still possible to develop from the analysis of cell-free fetal 
nucleic acids (cffNA) in the plasma of pregnant women.

Diagnostic tests used in prenatal routine assessment

Fetal gender 
Detection of Y chromosome sequences in maternal plas-
ma indicates that the gender of the fetus is male, as nor-
mal women do not have the Y chromosome in their ge-
nome. In pregnant women in whom these sequences are 
not detected, the fetus is presumed female. Fetal gender 
determination was the first clinically available test that 
used analysis of fetal nucleic acids in maternal blood11.  

Most available tests detect the gender-determining 
region (SRY) of chromosome Y12, although other Y-
chromosome-specific sequences have been described, 
such as DYS13-15, DYZ16, and DAZ17.

Over the years, the test has been improved, currently 
reaching over 99% of sensitivity and specificity after the 
6th week of gestation, and reaching over 99.9% after the 8th 

week. There are some tools that ensure the safety of the 
test, such as the use of internal controls to prevent false-
negative results (false evaluation of female fetal gender)18. 

Aside from the curiosity to know the fetal gender, the 
main clinical application of fetal gender determination 
is to aid in the investigation of genetic X-chromosome-
linked diseases19,20, such as Duchene’s muscular dys-
trophy and hemophilia, where the confirmation of the 
female gender excludes the possibility of the fetus car-
rying such diseases, or even to indicate the treatment of 
metabolic disorders associated with ambiguous genita-
lia, such as congenital adrenal hyperplasia (CAH)12.

In countries such as China, this testing is prohibited 
for ethical reasons21, unless the knowledge of fetal gen-
der offers the possibility of intrauterine treatment. Some 
European countries offer the test for free within the pub-
lic health system for the investigation of gender-related 
diseases22. In Brazil, this test was first described by Levi 
et al. in 200323. Currently several private laboratories 
in Brazil offer the test commercially to families who 
wish to know the fetal gender from the seventh week of 
pregnancy. 

With technological development, the costs of fetal 
gender determination have decreased24, making testing 
more accessible, and opening new perspectives of man-
agement for X-chromosome-linked genetic diseases, as 
previously described, including through the Unified Bra-
zilian Health System (Sistema Único de Saúde – SUS).

Fetal Rh 
Noninvasive genetic fetal RhD genotype testings in 
RhD-negative mothers through detection of free fetal 
DNA in maternal plasma was first demonstrated in 1998 
by Lo et al.25. Since then, more robust methods have 
been developed, and currently the test is offered in the 
public health system of many countries in Europe (such 
as Belgium, United Kingdom, France, the Netherlands, 
Germany, Spain) with high accuracy (sensitivity of 100% 
and specificity of 98.6%)26. The test has been studied by 
some groups in Brazil27,28, and one of them was able to 
demonstrate its applicability in highly mixed race popu-
lations such as that of Brazil, with 100% accuracy29.

In RhD-negative pregnant women, there is a 16% 
chance of sensitization to RhD antigen when carrying a 
RhD-positive fetus, and the consequent development of 
hemolytic disease of the newborn30.

There is a prophylaxis against the maternal immune 
response, which consists of the administration of anti-
D immunoglobulin, which binds and neutralizes fetal 
RhD antigens. In Brazil, this treatment is performed in 
all RhD-negative pregnant women during pregnancy, re-
gardless of fetal genotype. As 40% of RhD-negative preg-
nant women carry fetuses that are also RhD negative, 
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prophylaxis in these cases is unnecessary. Additionally, 
the product is obtained from human blood (plasma-de-
rived), with a theoretical risk of spreading infection and 
with the risk of sensitivity reactions31. 

Currently, few private laboratories provide this test 
commercially in Brazil. The implementation of the test 
in the Brazilian public health system is extremely impor-
tant to prevent the risks associated with anti-D immu-
noglobulin prophylaxis. It would also be economical, as 
it would eliminate the costs of unnecessary prophylaxis 
and the testing for monitoring maternal sensitization, as 
demonstrated in other countries32. 

New possibilities of use 
Chromosomal aneuploidies

There are two major lines of research on tests for non-
invasive PND assays for fetal chromosomal aneuploidy. 
One is focused on the analysis of cell-free fetal DNA 
through extremely sophisticated techniques33 such as 
digital polymerase chain reaction (PCR)34 (counting each 
DNA molecule) and mass sequencing (simultaneous se-
quencing of millions of DNA molecules)35,36, allowing, in 
theory, for a precise quantification of the small variations 
in the total free DNA (maternal + fetal), consequent to 
the presence of extra genetic material or lack thereof in 
relation to normal, depending on the aneuploidy. The 
two major limitations to the practical implementation of 
this technique are its high cost and the complexity of the 
involved in this technology, including sophisticated bio-
informatics software, with the diagnosis being achieved 
only in experimental situations, where it required a very 
large initial blood volume and proportions of free fetal 
DNA that are not practically feasible. 

The other line of research focuses on the analysis of 
fetal gene expression, in which fetal-specific mRNAs 
(mainly expressed by placental tissue) are isolated from 
maternal plasma. The test is based on the single nucleo-
tide polymorphism (SNP)/mRNA approach, where the 
ratio between the alleles of SNPs located in genes ex-
pressed by placental tissue allows the detection of extra 
copies of the chromosome where the investigated genes 
are located37-39. The frequency of heterozygous polymor-
phisms varies among different populations, so the test 
should use polymorphisms that are informative for each 
ethnic group. 

Three major studies that investigated the effectiveness 
of tests that analyze fetal DNA using mass sequencing 
were recently published, demonstrating high sensitivity 
and specificity40-42. However, as these tests were based on 
extremely expensive and sophisticated technologies that 
do not allow simultaneous analysis of many samples (low 
efficiency), and with a long delay to release the results, 
there is no possibility of applying them in individual and 

less specialized clinical laboratories. These tests would 
have to be performed in major centers that have the tech-
nology, at high costs.  

Some experts indicate the SNP/mRNA approach as 
the most promising for noninvasive PND of chromosom-
al aneuploidies, as the methodology is simple enough to 
be employed in small clinical laboratories, the costs are 
reasonable, and the diagnosis is achieved using samples 
of maternal plasma with high yield, 92% sensitivity, and 
100% specificity43. Large-scale studies are needed to con-
firm this hypothesis. 

A private North-American company has been offer-
ing the test commercially in this country since March, 
2012, promising results in ten days, based on the recently 
published results of a prospective study using mass se-
quencing of fetal DNA in maternal plasma, conducted 
with 532 samples, which reached 100% specificity in the 
most prevalent trisomies44. In Brazil, no studies have 
been published on noninvasive diagnosis of fetal chro-
mosomal aneuploidy to date.

Monogenic diseases

The investigation of monogenic diseases with high preva-
lence, such as thalassemia in populations of Mediterra-
nean origin, and cystic fibrosis in populations of Euro-
pean origin, should be, in theory, part of routine prenatal 
research. In cases of rare monogenic diseases, such as 
Huntington’s disease, investigation should be conducted 
when there is a family history of the disease. 

The noninvasive PND of monogenic diseases with 
dominant paternal inheritance is possible due to the 
absence of the disease-causing allele in the maternal 
genome, and, so far, has been performed in at least one 
pregnancy for the following diseases: Huntington’s dis-
ease45-47, achondroplasia48-50, myotonic dystrophy51, and 
Apert syndrome52.

Autosomal recessive diseases are often difficult to di-
agnose noninvasively, as there is still no way to distin-
guish between identical maternal and paternal alleles. 
Therefore, the cell-free fetal DNA in maternal plasma can 
only be used to determine the carrier status of the fetus in 
compound heterozygotes, by detecting the disease allele 
inherited from the father (in cases where more than one 
allele is known for such disease), and when the mater-
nal and paternal alleles are different. To date, the carrier 
status of the fetus has been determined using cell-free fe-
tal DNA in the following recessive genetic diseases, in at 
least one pregnancy: cystic fibrosis53-55, β-thalassemia56, 
α-thalassemia 157, congenital adrenal hyperplasia58, and 
hemophilia59 in some European countries. There have 
been no studies or case reports in Brazil using cffNA for 
the noninvasive diagnosis of autosomal recessive diseas-
es, or monogenic diseases of paternal inheritance. 
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Placental-related disorders 
Recent literature has proposed that cffNA can be used to 
predict disorders whose etiology is based on poor pla-
cental development, as this is associated with increased 
apoptosis of the trophoblast cells that form the outermost 
placental layer5.

Several groups have associated an increase in the 
amount of cffNA in maternal plasma with disorders whose 
etiology seems to be related to poor placental development. 
Some examples are preeclampsia60-62, HELLP syndrome63, 
fetal growth restriction64,65, premature birth66,67, placenta 
accreta68, placenta inccreta69, hyperemesis gravidarum70, 

and polyhydramnios71. In some cases, it has been verified 
that there is an increase in cffNA levels before symptom 
onset, and that these levels correlate with disease severity.

The major limitation of using cffNA as a marker of 
these placental disorders is that many of them have a mul-
tifactorial etiology, or are often unknown. It is first nec-
essary to elucidate the nature of these diseases, as well 
as establish a normality curve of cffNA concentration in 
normal pregnancies, so that, later, the analysis in affected 
pregnancies can be carried out.

Conclusion

Noninvasive determination of fetal gender and Rh is well 
established and has been used clinically for more than five 
years by several countries in Europe72-74. In Brazil, these 
tests have limited use due to their high costs. Their imple-
mentation in the public health system would be extremely 
important as an alternative to invasive procedures, as the 
latter bring risks during pregnancy and ultimately are out-
dated when compared to the safety and accuracy of the 
new tests. Furthermore, the use of noninvasive tests can be 
advantageous from an economic viewpoint, as the value of 
a noninvasive test tends to be lower than that of invasive 
tests, and the early result prevents unnecessary Rh prophy-
laxis costs in Rh-negative pregnant women and therapy for 
CAH in male fetuses.

Brazil has a great potential for the development of pio-
neering and innovative PND research, as recent data from 
the Brazilian Institute of Geography and Statistics (Institu-
to Brasileiro de Geografia e Estatística – IBGE) show that 
there are 2.5 million births per year in the country and an 
even larger number of pregnancies, both healthy and af-
fected by different complications. This potential should be 
explored by the research groups specializing in each type 
of pregnancy complications (such as preeclampsia, fetuses 
with aneuploidy, monogenic diseases, among others), so 
that the results of these studies are given back to society 
as safer and more effective tests and made available in the 
public health system. 
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