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Aim: To assess the accuracy of RHD and RHCE genotyping by real-time PCR, through the analysis 
of fetal DNA in plasma samples of Rh negative pregnant women. 
Methods: The study consisted in the collection of two tubes of blood (each with 3 ml)  from 19 RhD 
negative pregnant women  that attended the obstetric consultation at the District Hospital of Fi-
gueira da Foz, E.P.E. One of the samples was used to perform blood typing and the other was used 
for fetal DNA extraction. The Rh genotype was determined by real-time PCR with specific primers 
and Taqman® probes for RHD, RHC, RHE, SRY and GLO genes. 
Results: In 88.2% of cases (15/17) the RHD genotype was concordant with the phenotyping data, 
with 1 false-positive result (5.9%) and a precision of 94% (pvalue=0.001; K=76.7%). For the RHC 
gene, there was concordance in 60% of cases (6/10), with 4 false-negative results (40%) and a preci-
sion of 60% (pvalue=0,175; K=31%). Relatively to the RHE gene, the concordance achieved was 
100% (10/10), with a precision of also 100% (pvalue=0.002; K=100%). 
Conclusion: The present study confirms the precision of fetal RHD and RHE genotyping in mater-
nal plasma. Performing a similar study with a superior number of samples could allow the imple-
mentation of this non-invasive prenatal diagnostic test in laboratorial and clinical routine, in order 
to follow pregnancies at risk for developing Hemolytic Disease of the Fetus and Newborn. 
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Introduction 

The Rh blood group system is the most polymor-
phic of all human blood groups and, after ABO system, 
the most clinically significant in transfusion practice.(1-3) 
The antigens (Ag) of this system (D, C, c, E, e) are en-
coded by the homologous genes RHD and RHCE, both 
located on chromosome 1.(4-6) The RhD negative pheno-
type results primarily from a deletion of the entire RHD 
gene, an alteration which is prevalent in Caucasians 

(15-17%) and less common in Africans (5%), which in 
approximately 66% of the cases have an inactive gene 
(RHDψ).(3,7,8) In Europeans, the C and c Ag have a 
prevalence of 70% and 80% respectively, and, in most 
populations, the E and e Ag have a frequency of about 
30% and 98%.(6)  

The formation of Rh antibodies (Ab) results from 
the exposure to cells with those Ag, generally through 
transfusions or pregnancy. (9-11) These Ab are involved in 
Hemolytic Transfusion Reactions, Auto-Immune Hemo-
lytic Anemia and Hemolytic Disease of the Fetus and 
Newborn (HDFN).(2,12) HDFN is a significant cause of 
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perinatal mortality and morbidity(9,13) and, in 50% of the 
cases, results from the transplacental passage of maternal 
RhD Ab, followed by their binding to fetal red blood cell 
Ag and subsequent destruction.(1,5,14) Besides the D Ag, 
the most common cause of HDFN are the c and Kell 
Ag.(3) 

In the early 60s, Stern et al demonstrated experi-
mentally that the administration of anti-D immu-
noglobulin (Ig) could prevent sensitization to the RhD 
Ag.(10) This Ig is produced from pooled human 
plasma(10,15) and injected in strict controlled doses, but its 
origin generates controversy about the viral security(4,16) 
and more recently about the transmission of prion type 
diseases.(4,15,16) Although in the future this Ig could be 
manufactured through recombinant or monoclonal 
products (which would eliminate the associated risks), 
there is still no perspective about its introduction in a 
foreseeable future.(4,10) Thus, the anti-D immunoprophy-
laxis is recommended to all RhD negative pregnant 
women undergoing invasive procedures or at the 28th 
week of gestation and until 72 hours postpartum.(7,10,11) 

However, in a predominantly Caucasian population, 
38-40% of these women also carry an RhD negative 
fetus, and will receive the treatment unnecessarily. (7-10) 

In the late 90s, Lo et al confirmed the existence of 
cell-free fetal deoxyribonucleic acid (cffDNA) in mater-
nal circulation using real-time Polymerase Chain Reac-
tion (PCR), a study that constituted the first demonstra-
tion of the cffDNA presence in maternal plasma.(12,17) 
This discovery has opened up new possibilities for 
non-invasive prenatal diagnosis, which represent a great 
advantage over the conventional methods (amniocentesis 
and chorionic villus sampling), associated with a poten-
tial risk of miscarriage of 0.5 to 1%(14,18) or isoimmuni-
zation by fetomaternal hemorrhage (FMH)(19-23) which in 
amniocentesis is of about 20%.(3) 

It is thought that cffDNA is originated by the apop-
tosis of throphoblasts derived from the embryo(14,24) and 
that it consists the most in short DNA fragments, inferior 
to 313 basepairs. (14,25,26) It is also known that it is de-
tectable in maternal circulation since the fifth week of 
gestation, that it has a half-life time of 16 minutes and 
that it is undetectable 2 hours postpartum. (14,27)  

Besides the Y chromosome, the first genetic locus 
that captured the investigators’ attention was the RHD 
gene.(28,29) However, the scarce concentration of cffDNA 
in maternal blood (3-6%, in early and late pregnancy) 
(28,30) and the difficulty to distinguish it from the mater-
nal DNA background, were unavoidable obstacles to its 
clinical application. (22,29,31) 

This analysis allows the evaluation of gene alleles 

paternally inherited and that are not present in the 
mother’s genome, such as the fetal RhD in RhD negative 
pregnant women.(19,21,32) Clinical applications of this 
biological phenomenon also include fetal aneuploidy 
detection, prenatal diagnosis of several genetic dis-
eases(29,32,33) and identification of pregnancy complica-
tions. (31,34)  

The prenatal determination of the fetal Rh genotype 
could lead to a substantial reduction of the use of anti-D 
Ig and, in the other hand; it would prevent the unneces-
sary exposure of pregnant women carrying an RhD 
negative fetus to this pool of human plasma that, despite 
strict control, is still associated with an elevated number 
of risks. 

The aim of this study was to assess the concordance 
between RHD and RHCE genotyping by real-time PCR 
(through the analysis of fetal DNA extracted from 
plasma samples of RhD negative pregnant women) with 
the newborn Rh phenotype. 

Materials and Methods 

Study population and data collection 

The study population consisted of 19 RhD negative 
pregnant women that attended the obstetric consultation 
at the District Hospital of Figueira da Foz, E.P.E. 
(HDFF, E.P.E.) from January to May of 2011 who were 
only included in the analysis after giving informed con-
sent and filling an inquiry, with the aim to collect some 
relevant data for the work. The sex and Rh phenotype of 
the children were obtained after delivery. 

The present study follows the principles established 
by the Helsinki Declaration. There aren’t any ethical 
issues or conflict of interest and it was guaranteed 
maximum protection and confidentiality of the obtained 
data. 

Sample collection and processing 

From each pregnant woman, two samples of 3 ml 
peripheral blood were collected into tubes containing 
tripotassium ethylenediamine tetraacetic acid (EDTA K3) 
(VenoSafe™, Madrid, Spain). Immediately after the col-
lection, one of the samples was processed according to 
the methodology used by other researchers.(1,12,35) The 
plasma was first separated from whole blood by cen-
trifugation at 3000g for 10 minutes and re-centrifuged 
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with the same speed and duration. The supernatant was 
stored in a new microtube at -80°C. The second sample 
was kept at 4°C until its processing at the Laboratory of 
Biomedical Sciences from the College of Health Tech-
nology of Coimbra, where it was determined the ABO 
blood group (cell and serum testing), Rh phenotype, 
screening and identification of irregular Alloantibodies 
(saline, enzymatic and Anti-Human globulin (AGH) 
media), Autoantibodies and Direct Antiglobulin Test 
(DAT), using ID-card technology (Diamed GmbH, 
Cressier, Switzerland) and specific reagents, such as 
Low Ionic Strenght Solution (LISS), bromelin and 
commercial phenotyped cells (ID-DiaCell ABO/I-II-III e 
ID-DiaPanel) (Diamed GmbH, Cressier, Switzerland). 

DNA Extraction/Purification 

DNA was extracted/purified from 200 μl of plasma 
samples, with a Quick-gDNA™ MiniPrep Kit (Zymo 
Research, Irvine, U.S.A), according to the manufac-
turer’s recommended protocol. The DNA was eluted in a 
final volume of 50 μl and stored at -20°C until further 
processing. 

Real-time PCR 

The fetal sex and Rh genotype were determined by 
Real-Time PCR, performed with a MiniOpticon™ Sys-
tem (Bio-Rad Laboratories, Inc., Hercules, U.S.A.), us-
ing primers and TaqMan® probes synthesized by Thermo 
Fisher Scientific GmbH (Ulm, Germany) specific for the 
RHD, RHCE, SRY and GLO genes (Table I), as de-
scribed by Hromadnikova et al(1) and other authors. 

(26,32,34) The primers and probes were used with a final 
concentration of 300 and 200 nM, respectively. To in-
crease the specificity of the assay, two regions of the 
RHD gene (exons 7 and 10) were investigated, and to 
confirm the presence of DNA in the sample, the GLO 
and SRY genes were amplified.  

Each amplification reaction was set up in a final 
volume of 25 μl, containing, in addition to the primers 
and respective probe, 5 μl of the purified plasma sample, 
5 μl of 10X PCR buffer, 200 μmol of each dNTP, 6 mM 
MgCl2 and 1.5 U of i-Taq™ Polymerase, reagents from 
the i-Taq™ plus DNA Polymerase Kit (iNtRON Bio-
technology, Inc., Sangdaewon-Dong, South Korea). 

The PCR conditions were programmed with an ini-
tial step of denaturation at 95°C for 10 minutes and 50 
cycles at 95°C for 15 seconds and 60°C for 1 minute. 
(1,12,34) 

The amplification data was collected and analyzed 
by the Bio-Rad CFX Manager software version 1.6 
(Bio-Rad Laboratories, Inc., Hercules, U.S.A). In order 
to increase the sensitivity of the method, the genotyping 
was performed in duplicate for all samples and in each 
assay was tested a negative control (female individual 
with ccddee phenotype) and a positive control (two male 
individuals with CcDee and ccDEe phenotype). 

The amplification results are represented by the Cy-
cle threshold (Ct). The samples were considered positive 
when one or more repetitions were positive and when 
the Ct value was less than 42. 

Statistical analysis of the results 

The results were analyzed with Statistical Package 
for the Social Sciences (SPSS) version 17.0.0 (SPSS, 

Table I  Used primers and probes sequence. 
Gene Exon Primers (forward and reverse) Probes 
RHD 10 5’ – CCT CTC ACT GTT GCC TGC ATT – 3’ 

5’ – AGT GCC TGC GCG AAC ATT – 3’ 
5’-(FAM) TAC GTG AGA AAC GCT CAT GAC AGC AAA GTC 
T (TAMRA)-3’ 

RHD 7 5’ – CTC CAT CAT GGG CTA CAA – 3’ 
5’ – CCG GCT CCG ACG GTA TC – 3’ 

5’-(FAM) AGC AGC ACA ATG TAG ATG ATC TCT CCA 
(TAMRA)-3’ 

RHC 2 5’ – CAT TGC TAT AGC TTA AGG ACT CA – 3’ 
5’ – ATG ATT GTA CCA CTG GGA AG – 3’ 

5’-(FAM) CAA CAC CAA ACC AGG GCC ACC (TAMRA)-3’ 

RHE 5 5’ – TGG CCA AGT GTC AAC TCT C – 3’ 
5’ – TCA CCA TGC TGA TCT TCC T – 3’ 

5’-(FAM) AAG AAT GCC ATG TTC AAC ACC TAC TA TG 
(TAMRA)-3’ 

SRY - 5’ – TGG CGA TTA AGT CAA ATT CGC – 3’ 
5’ – CCC CCT AGT ACC CTG ACA ATG TAT T – 3’

5’-(FAM) AGC AGT AGA GCA GTC AGG GAG GCA GA 
(TAMRA)-3’ 

GLO - 5’ – GTG CAC CTG ACT CCT GAG GAG – 3’ 
5’ – CCT TGA TAC CAA CCT GCC CAG – 3’ 

5’-(FAM) AAG GTG AAC GTG GAT GAA GTT GGT GG 
(TAMRA)-3’ 
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Inc., Chicago, U.S.A.), using the Chi-square of inde-
pendence test and Cohen’s Kappa, which relate the con-
cordance between obtained and expected results. Diag-
nostic measures were also used, such as sensitivity, 
specificity and precision/accuracy. 

Results 

The 19 RhD negative pregnant women included in 
the study were in a gestational period between 22 and 37 
weeks and were aged 19 to 40 years (mean 29.8 ± 5.4). 
Of these, 17 (89,5%) were tested during the 2nd trimester 
of pregnancy and 2 (10.5%) during the 3rd trimester. 

When answering the questionnaire, all women 
(n=19; 100%) reported not having received blood trans-
fusions in the last 3 months and never having done a 
transplant. These two questions are extremely relevant 
because if a pregnant woman had received a blood 
product or even an organ, it could possibly change the 
phenotyping results, since we could be testing the DNA 
from the donor instead. Regarding the Rh group of the 
male parent of the child, 16 women (84.2%) referred it 
to be Rh+, 1 (5.3%) Rh- and 2 (10.5%) didn’t know or 
didn’t remember. 

Relatively to the blood group typing, it was found 
that 16 pregnant women (84.2%) had the ccddee pheno-
type, 2 (10.5%) the ccddEe phenotype and only 1 (5.3%) 
the Ccddee phenotype. Regarding the alloantibody 
screening, it was identified an anti-D Ab in samples 2, 5, 
9 and 11 (n=4; 21%), anti-Fya in sample 4 (n=1; 5.3%) 
and anti-Fya and anti-Jka in sample 8 (n=1; 5.3%). 

From the initial study population, only 17 pregnant 
women were considered for the final analysis, since 
there were 2 drop-outs, due to the incapacity of estab-
lishing contact with them, presumably because both re-
turned to their country of origin, since they had 
non-Portuguese nationality. 

Given that HDFF, E.P.E. doesn’t have a maternity, 
the births occurred in different hospitals; due to this fact, 
the collection of the postpartum data was dependent of 
the contact with the progenitors, making it impossible 
(in 7 cases), to obtain the child’s complete information. 
Therefore, the number of samples considered for the 
concordance analysis between genotyping and pheno-
typing data was different (D Ag and fetal sex: n=17; C 
and E Ag’s: n=10). 

From the 17 children considered for the study, 10 
(58.8%) were males and 7 (41.2%) were females. Re-
garding the D Ag, 14 samples (82.4%) were from RhD 
positive children and 3 (17.6%) from RhD negative 

children (Figure 1). For the C and E Ag were included 
10 samples; 7 (70%) had Cc phenotype, 3 (30%) cc 
phenotype, 2 (20%) Ee phenotype and 8 (80%) ee phe-
notype (Figure 2). 

 

 
Fig.1  Frequency of D positive and D negative 
newborns according to the genotype and pheno-
type. 
 

 
Fig.2  Frequency of C and E in newborns ac-
cording to the genotype and phenotype. 
 
Concerning the fetal sex genotyping by real-time 

PCR (Table II), for which 17 samples were considered, 9 
(52.9%) revealed the presence of the SRY gene. In the 
same way, from the 17 samples considered for the RHD 
gene, the research was positive for 15 (88.2%) (Figure 
1). For the RHC and RHE genes, of the 10 samples con-
sidered, 3 (30%) revealed to be positive for the RHC 
gene and 2 (30%) for the RHE gene (Figure 2). The GLO 
gene was detected in all samples. 

Statistical analysis (Table III) was performed after 
comparison of the genotyping with the fetal sex and Rh 
phenotype of the children. Relatively to the SRY gene, 
the genotyping correctly predicted fetal sex in 82.4% of 
cases (14 of 17 samples), having occurred 1 
false-positive (5.9%) and 2 false-negatives (11.8%), 
which led to obtaining a sensitivity of 80% and specific-
ity of 86%, corresponding to a precision of 82% 
(pvalue=0.008; K=64.3%). In 88.2% of cases (15 of 17 
samples), the predicted RHD genotype was in concor-
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dance with the serologically determined phenotypes, 
with only 1 false-positive result (5.9%), for which the 
RHD was detect but the determined phenotype was RhD 
negative. The genotyping for this gene obtained a sensi-
tivity of 100% and specificity of 67%, with a precision 
of 94% (pvalue=0.001; K=76.7%). Regarding the RHC 
gene, there was concordance in 60% of cases (6 of 10 
samples), with 4 false-negative results (40%), a sensitiv-
ity of 43%, specificity of 100% and precision of 60% 
(pvalue=0.175; K=31%). For the RHE gene the concor-
dance was 100% (10 of 10 samples), with a precision, 
sensitivity and specificity of also 100% (pvalue=0.002; 
K=100%). 

It was not possible to establish any significant rela-
tion between the gestational age and the cffDNA con-

centration (which increases as the pregnancy pro-
gresses), once the population only included 2 samples 
collected in the 3rd trimester of pregnancy, while the re-
maining 15 were from the 2nd trimester. 

Discussion 

The alloantibody screening revealed the presence of 
irregular Ab in 6 samples. The 4 samples (no. 2, 5, 9 and 
11) that showed a positive result for anti-D Ab did be-
long to women with more than 28 weeks of gestational 
age; therefore, they had already received the anti-D Ig, 
which explains the presence of those Ab. Besides anti-D, 
the principal alloantibodies that lead to HDFN are those 

Table II  Fetal RHD, RHC, RHE and SRY genotyping results by Real-Time PCR and Rh phenotype and sex. 
Fetal genotyping in maternal plasma 

Sample No. 
Gestation 

weeks 
Maternal 

phenotype RHD RHC RHE SRY 
Rh phenotype Sex 

1 29 ccddee Pos Neg Pos Pos ccDEe ♂ 
2 37 ccddEe Pos Pos Pos Neg CcDEe ♀ 
4 32 ccddee Pos   Pos D ♂ 
5 36 ccddee Pos Neg Neg Pos CcDee ♀ 
6 30 ccddee Neg Neg Neg Neg ccddee ♂ 
8 27 ccddee Pos Pos Neg Pos CcDee ♂ 
9 31 ccddee Pos Neg Neg Neg CcDee ♀ 
10 28 ccddee Pos Pos Neg Pos CcDee ♂ 
11 30 ccddEe Neg Neg Neg Pos ccddee ♂ 
12 28 ccddee Pos   Pos D ♂ 
13 28 ccddee Pos Neg Neg Neg CcDee ♀ 
14 28 ccddee Pos Neg Neg Neg CcDee ♀ 
15 27 ccddee Pos   Neg D ♀ 
16 29 Ccddee Pos   Pos dd ♂ 
17 22 ccddee Pos   Neg D ♀ 
18 26 ccddee Pos   Pos D ♂ 
19 26 ccddee Pos   Neg D ♂ 

Legend – Neg: Negative; Pos: Positive; 
 

Table III  Statistical Analysis and diagnostic measures between genotyping and phenotyping. 
 RHD RHC RHE SRY 

Concordance 88.2% (15/17) 60% 100% 82.4%(14/17) 
Sensitivity 100% 43% 100% 80% 

False-negatives - 40% (4/10) - 11.8% (2/17) 
Specificity 67% 100% 100% 86% 

False-positives 5.9% (1/17) - - 5.9% (1/17) 
Precision 94% 60% 100% 82% 

pvalue 0.001 0.175 0.002 0.008 
Cohen’s Kappa 76.7% 31% 100% 64.3% 

Legend – pvalue: statistical significance if ≤ 0.05 
Note: 17 samples were considered for RHD and SRY and 10 samples for RHC and RHE. 
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directed against other Rh Ag (anti-c and anti-E) and 
anti-Kell, but also anti-Kidd (Jk), anti-Duffy (Fy) and Ab 
of the MNS blood group system, including anti-U. Thus, 
the alloantibodies detected in samples 4 (anti-Fya) and 8 
(anti-Fya and anti-Jka) are relevant in HDFN and a rea-
son why these pregnancies should be monitored and fol-
lowed closely. (36)  

When comparing the obtained results in the present 
work with other studies it becomes necessary to notice 
the differences between the dimension of the study 
populations (which were highly superior in most of the 
papers) and the available laboratorial and methodologi-
cal conditions. In order to avoid false-negative results, 
the genotyping involved 2 specific products of the RHD 
gene (exons 7 and 10), due to the genetic complexity of 
the variant forms, as recommended by other authors. (9,20) 

The statistical results (Table II) revealed that fetuses 
born from RhD negative pregnant women can be geno-
typed for the RHD, RHE and SRY genes with an accept-
able level of accuracy (94%, 100% and 82% respec-
tively), but not for the RHC gene (60%). In similar 
works, the concordance level achieved by other investi-
gators was mostly superior, as it can be seen on Table IV. 
The percentage of false-positive results (5.9% for RHD 
and SRY) could be justified, in part, by the available 
conditions to perform the PCR. Some of the standard 
basics to carry out this procedure couldn’t be followed, 
such as the use of separated rooms to execute the 
cffDNA extractions and set up the amplification reac-
tions, which possibly have resulted in the contamination 
of some samples. However, the use of real-time PCR 
offers an extra level of protection, since it consists of an 
optic detection system that obviates the need for any 
post-amplification manipulation or sample analysis (ex.: 
electrophoresis), decreasing the possibility of carryover 
contamination. 

Still, the small population studied has many disad-

vantages and this study should be repeated with a much 
larger sample number, which would allow the conclu-
sions to be generalized. It should also be designed a 
protocol to enhance the communication with the pro-
genitors, in order to avoid the occurrence of possible 
drop-outs. 

If the decision of undergoing immunoprophylaxis 
was dependent of the study’s results, the application of 
this non-invasive prenatal diagnostic test before the 28th 
week of gestation would only cause 88.2% (n=15) of the 
considered pregnant women to receive the Anti-D Ig 
(from which 93.3% effectively carried an RhD positive 
fetus). From the included mothers, 82.4% had a RhD 
positive child and thus only 5.9% would have unneces-
sarily received the Ig, when compared to 17.7% without 
genotyping. Using this technique the treatment could 
have been avoided for 11.8% of the pregnant women, as 
well as the associated risk with the exposure to this hu-
man pooled blood product. 

The false-positive incidence for RHD and SRY 
genes (5.9% in both cases) has a relatively limited im-
portance, when compared to false-negatives (40% for 
RHC and 11.8% for SRY). Although there hasn’t been 
verified any case in the present study, the occurrence of 
a false-negative result for the RHD gene could lead to 
the suspension of treatment with the Anti-D Ig, which 
would be associated with a potential alloimmunization 
and HDFN in subsequent pregnancies. 

False-negative results may occur due to low con-
centration of cffDNA. Thus, the identification of an RhD 
negative fetus should be confirmed, to check if it is pos-
sible to detect another fetal marker in the sample. Taking 
sample 11 as an example, if the search is negative for 
RHC and RHE genes, but positive for SRY, the sample 
will correspond to a male fetus that paternally inherited 
the cde haplotype, confirming the presence of cffDNA in 
plasma and the specificity of the negative results for the 

Table IV  Similar studies performed by other authors. 
Author and reference Year Studied gene Concordance 

Lo et al (12) 1998 RHD 100% 
Rouillac-Le Sciellour et al (20) 2004 RHD 99.5% 
González-González et al (32) 2005 RHD ; DYS390 90% ;92% 

Hromadnikova et al (1) 2005 RHD ; RHC ; RHE ; SRY 100% 
Minon et al (13) 2008 RHD ;SRY 100% ; 100% 

Sesarini et al (19) 2009 RHD ; SRY 86.7% ; 94.6% 
Geifman-Holtzman et al (6) (revision paper) 2009 RHC ; RHE 96.3% ; 98.2% 

Cardo et al (11) 2010 RHD 97% 
Akolekar et al (23) 2011 RHD 98.8% 
Bombard et al (45) 2011 RHD 99.5% 
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other genes. 
The relatively low precision observed for SRY can 

be rectified with the amplification of another Y chromo-
some marker, as it was done for the RHD gene. How-
ever, the positive internal control based on the detection 
of the SRY gene it’s only applicable to pregnancies of 
male fetuses and, likewise, the GLO gene amplification 
only allows to conclude that there is DNA in the sample, 
but not its origin. Therefore, it is not possible to ascer-
tain if a negative amplification for all genes is attribut-
able to a female fetus or a false-negative result due to 
low quantity of cffDNA, as it has happened in sample 6. 

Since the major issue of this approach is lacking an 
internal control that detects the presence of cffDNA 
when the PCR results are negative(20), it was recently 
proposed the use of universal positive controls for fetal 
DNA, based on the detection of specific methylation 
markers.(14,21,22,38) One of those markers is the 
SERPINB5 gene, hipomethylated in the placenta and 
hipermethylated in maternal blood cells. (22,38) However, 
this technique is dependent of bisulfite conversion, a 
method that can destroy a great portion of DNA. (21,22,33) 
More recent is the detection of the RASSF41A DNA se-
quence, that exhibits an opposite methylation pattern to 
that from SERPINB5 gene (hipermethylated in the pla-
centa and hipomethylated in maternal blood cells). 
(5,13,22,39)  

Another problem of this approach is the coexistent 
background of maternal DNA in plasma. In order to 
overcome this obstacle, Dhallan et al(40) have tried to 
develop an enrichment method for cffDNA or suppres-
sion of the referred background; however, the results 
weren’t reproducible by other authors. (41-43)  

As a result of the high efficiency and convenience 
of blood collection instead of performing invasive pre-
natal diagnostic procedures, the fetal RHD genotyping is 
used when combined with other tests in various Euro-
pean countries, like United Kingdom, Czech Republic, 
Netherlands, among others.(44) This test is already a real-
ity in Belgium’s laboratorial routine(13) and offered (by 
request) in centers located in Bristol, Göttingen, Paris 
and Marseille(44). In some countries, the implementation 
of this strategy shows to be cost-effective, as reported in 
Netherlands(13) and United Kingdom.(10) Still, a study 
performed by Szczepura et al(7) in 2011, doesn’t support 
the introduction of this technique in England and Wales, 
referring that the annual savings will be relatively small. 
Studies made in several other countries as France(5) and 
United Kingdom(4), have concluded that the implementa-
tion of this methodology would be beneficial. 

Similarly, when combined with serologic methods, 

the Rh genotyping is already an important tool to clarify 
discrepancies and ambiguous grouping results in trans-
fusion medicine, a fact that should encourage the testing 
of RHD markers for non-invasive prenatal diagnosis of 
the RhD genotype.(44)  

Since this analysis only requires a small blood sam-
ple, it could raise numerous ethical, social and legal im-
plications, due to the ease with which the test can be 
performed, such as potential non-medical applications, 
as the choice of fetal sex. 

Conclusion 

The present study confirms the accuracy of fetal 
RHD and RHE genotyping (94%;100%) in maternal 
plasma without the existence of false-negative results. 

The feasibility of the fetal RHD and RHE genotyp-
ing in maternal plasma is highly desirable for economic 
reasons. First, it avoids unnecessary administration of 
anti-D Ig, a blood product, to approximately 40% of the 
RhD negative women, also pregnant with an RhD nega-
tive fetus(5,11-13) (17.7% in this study); second, there 
would be no need to perform invasive procedures with 
risks to both mother and fetus, which also allows to 
avoid sensitization, a possible result of FMH. 

Thus, fetal genotyping in maternal plasma should be 
offered to all RhD negative pregnant women, in order to 
limit the use of antenatal immunoprophylaxis only to 
those carrying RhD positive fetuses and also to avoid 
false-negative results, which could result in subsequent 
immunization. 

Performing a study with a larger number of samples 
could allow the implementation of this prenatal diagnos-
tic test in clinical laboratory routine, but first, the Rh and 
fetal sex genotyping must be economically evaluated in 
Portugal, with the purpose of defining the impact on 
health care costs. In long term, depending on the devel-
opment of the appropriate technology and of a robust 
evaluation, fetal DNA analysis may play an important 
role on the national programs of prenatal screening for 
all RhD negative pregnant women. 

Acknowledgments 

The authors of the paper thank to all of those that, in 
some way, contributed for the investigation that culmi-
nated in the above result, namely to the Obstetrics and 
Immunohemotherapy Services of the HDFF, E.P.E., for 
the permission to collect the blood samples taken into 



 

International Journal of Biomedical Laboratory Science (IJBLS) 2012 Vo1. 1, No. 2:50-58 57 
 

account in this work and its initial processing and also to 
the pregnant women who accepted to participate in the 
study. Moreover, we also thank to DiaMed for having 
provided some necessary laboratory material for sample 
processing. 

References 

1. Hromadnikova I, Vechetova L, Vesela K, Benesova B, 
Doucha J, Vlk R. Non-invasive fetal RHD and RHCE 
genotyping using real-time PCR testing of maternal 
plasma in RhD-negative pregnancies. J Histochem 
Cytochem. 2005 Mar;53(3):301-5. 

2. Kim KH, Kim KE, Woo KS, Han JY, Kim JM, Park KU. 
Primary anti-D immunization by DEL red blood cells. 
Korean J Lab Med. 2009 Aug;29(4):361-5. 

3. Daniels G. The molecular genetics of blood group poly-
morphism. Transpl Immunol. 2005 Aug;14(3-4):143-53. 

4. Finning K, Martin P, Summers J, Massey E, Poole G, 
Daniels G. Effect of high throughput RHD typing of fetal 
DNA in maternal plasma on use of anti-RhD immu-
noglobulin in RhD negative pregnant women: prospec-
tive feasibility study. BMJ. 2008 Apr;336(7648):816-8. 

5. Rouillac-Le Sciellour C, Serazin V, Brossard Y, Oudin O, 
Le Van Kim C, Colin Y, et al. Noninvasive fetal RHD 
genotyping from maternal plasma. Use of a new devel-
oped Free DNA Fetal Kit RhD. Transfus Clin Biol. 2007 
Dec;14(6):572-7. 

6. Geifman-Holtzman O, Grotegut CA, Gaughan JP, 
Holtzman EJ, Floro C, Hernandez E. Noninvasive fetal 
RhCE genotyping from maternal blood. BJOG. 2009 
Jan;116(2):144-51. 

7. Szczepura A, Osipenko L, Freeman K. A new fetal RHD 
genotyping test: costs and benefits of mass testing to 
target antenatal anti-D prophylaxis in England and 
Wales. BMC Pregnancy Childbirth. 2011;11:5. 

8. Tynan JA, Angkachatchai V, Ehrich M, Paladino T, van 
den Boom D, Oeth P. Multiplexed analysis of circulating 
cell-free fetal nucleic acids for noninvasive prenatal di-
agnostic RHD testing. Am J Obstet Gynecol. 2011 
Mar;204(3):251 e1-6. 

9. Maddocks DG, Alberry MS, Attilakos G, Madgett TE, 
Choi K, Soothill PW, et al. The SAFE project: towards 
non-invasive prenatal diagnosis. Biochem Soc Trans. 
2009 Apr; 37(2):460-5. 

10. Liumbruno GM, D'Alessandro A, Rea F, Piccinini V, 
Catalano L, Calizzani G, et al. The role of antenatal im-
munoprophylaxis in the prevention of maternal-foetal 
anti-Rh(D) alloimmunisation. Blood Transfus. 2010 
Jan;8(1):8-16. 

11. Cardo L, Garcia BP, Alvarez FV. Non-invasive fetal RHD 
genotyping in the first trimester of pregnancy. Clin Chem 
Lab Med. 2010 Aug;48(8):1121-6. 

12. Lo YM, Hjelm NM, Fidler C, Sargent IL, Murphy MF, 
Chamberlain PF, et al. Prenatal diagnosis of fetal RhD 

status by molecular analysis of maternal plasma. N Engl 
J Med. 1998 Dec; 339(24):1734-8. 

13. Minon JM, Gerard C, Senterre JM, Schaaps JP, Foidart 
JM. Routine fetal RHD genotyping with maternal plasma: 
a four-year experience in Belgium. Transfusion. 2008 
Feb;48(2):373-81. 

14. Wright CF, Burton H. The use of cell-free fetal nucleic 
acids in maternal blood for non-invasive prenatal diag-
nosis. Hum Reprod Update. 2009 Jan-Feb;15(1):139-51. 

15. Kumpel BM. Lessons learnt from many years of experi-
ence using anti-D in humans for prevention of RhD im-
munization and haemolytic disease of the fetus and 
newborn. Clin Exp Immunol. 2008 Oct;154(1):1-5. 

16. Rafi I, Chitty L. Cell-free fetal DNA and non-invasive 
prenatal diagnosis. Br J Gen Pract. 2009 May;59(562): 
146-8. 

17. Lo YM, Corbetta N, Chamberlain PF, Rai V, Sargent IL, 
Redman CW, et al. Presence of fetal DNA in maternal 
plasma and serum. Lancet. 1997 Aug 16;350(9076): 
485-7. 

18. Tabor A, Alfirevic Z. Update on procedure-related risks 
for prenatal diagnosis techniques. Fetal Diagn Ther. 
2010;27(1):1-7. 

19. Sesarini C, Gimenez ML, Redal MA, Izbizky G, Aiello H, 
Argibay P, et al. [Non invasive prenatal genetic diagnosis 
of fetal RhD and sex through the analysis of free fetal 
DNA in maternal plasma]. Arch Argent Pediatr. 2009 
Oct;107(5):405-9. 

20. Rouillac-Le Sciellour C, Puillandre P, Gillot R, Baulard C, 
Metral S, Le Van Kim C, et al. Large-scale pre-diagnosis 
study of fetal RHD genotyping by PCR on plasma DNA 
from RhD-negative pregnant women. Mol Diagn. 
2004;8(1):23-31. 

21. Lo YM. Fetal nucleic acids in maternal plasma. Ann N Y 
Acad Sci. 2008;1137:140-3. 

22. Chiu RW, Lo YM. Non-invasive prenatal diagnosis by 
fetal nucleic acid analysis in maternal plasma: the com-
ing of age. Semin Fetal Neonatal Med. 2011 Apr;16(2): 
88-93. 

23. Akolekar R, Finning K, Kuppusamy R, Daniels G, 
Nicolaides KH. Fetal RHD genotyping in maternal 
plasma at 11-13 weeks of gestation. Fetal Diagn Ther. 
2011;29(4):301-6. 

24. Tjoa ML, Cindrova-Davies T, Spasic-Boskovic O, Bianchi 
DW, Burton GJ. Trophoblastic oxidative stress and the 
release of cell-free feto-placental DNA. Am J Pathol. 
2006 Aug; 169(2):400-4. 

25. Chan KC, Zhang J, Hui AB, Wong N, Lau TK, Leung TN, 
et al. Size distributions of maternal and fetal DNA in 
maternal plasma. Clin Chem. 2004 Jan;50(1):88-92. 

26. Lim JH, Park SY, Kim SY, Kim DJ, Kim MJ, Yang JH, et 
al. Effective Method for Extraction of Cell-Free DNA from 
Maternal Plasma for Non-Invasive First-Trimester Fetal 
Gender Determination: A Preliminary Study. Journal of 
Genetic Medicine. 2010(7):53-8. 

27. Lo YM, Zhang J, Leung TN, Lau TK, Chang AM, Hjelm 
NM. Rapid clearance of fetal DNA from maternal 



 

58 International Journal of Biomedical Laboratory Science (IJBLS) 2012 Vo1. 1, No. 2:50-58 
 

plasma. Am J Hum Genet. 1999 Jan;64(1):218-24. 
28. Lo YM. Fetal DNA in maternal plasma: biology and di-

agnostic applications. Clin Chem. 2000 Dec;46(12): 
1903- =6. 

29. Hahn S, Lapaire O, Tercanli S, Kolla V, Hosli I. Deter-
mination of fetal chromosome aberrations from fetal 
DNA in maternal blood: has the challenge finally been 
met? Expert Rev Mol Med. 2011;13:16. 

30. Lo YM, Tein MS, Lau TK, Haines CJ, Leung TN, Poon 
PM, et al. Quantitative analysis of fetal DNA in maternal 
plasma and serum: implications for noninvasive prenatal 
diagnosis. Am J Hum Genet. 1998 Apr;62(4):768-75. 

31. Davanos N, Spathas DH. Relative quantitation of 
cell-free fetal DNA in maternal plasma using autosomal 
DNA markers. Clin Chim Acta. 2011 May; 412:1539- 
1543. 

32. Gonzalez-Gonzalez C, Garcia-Hoyos M, Trujillo-Tiebas 
MJ, Lorda-Sanchez I, de Alba MR, Infantes F, et al. Ap-
plication of fetal DNA detection in maternal plasma: a 
prenatal diagnosis unit experience. J Histochem Cyto-
chem. 2005 Mar;53(3):307-14. 

33. Lo YM, Chiu RW. Noninvasive prenatal diagnosis of fetal 
chromosomal aneuploidies by maternal plasma nucleic 
acid analysis. Clin Chem. 2008 Mar;54(3):461-6. 

34. Yin A, Ng EH, Zhang X, He Y, Wu J, Leung KY. Correla-
tion of maternal plasma total cell-free DNA and fetal DNA 
levels with short term outcome of first-trimester vaginal 
bleeding. Hum Reprod. 2007 Jun;22(6):1736-43. 

35. Tufan N, Tufan A, Kaleli B, Yildrim B, Semerci C, Bagci 
H. Analysis of cell-free fetal DNA from maternal plasma 
and serum using a conventional multiplex PCR: factors 
influencing success. Turk J Med Sci. [Experimen-
tal/Laboratory Studies]. 2005(35):85-92. 

36. Murray NA, Roberts IA. Haemolytic disease of the 
newborn. Arch Dis Child Fetal Neonatal Ed. 2007 
Mar;92(2):F83-8. 

37. Bombard AT, Akolekar R, Farkas DH, VanAgtmael AL, 
Aquino F, Oeth P, et al. Fetal RHD genotype detection 
from circulating cell-free fetal DNA in maternal plasma in 
non-sensitized RhD negative women. Prenat Diagn. 
2011 Aug;31(8):802-8. 

38. Chim SS, Tong YK, Chiu RW, Lau TK, Leung TN, Chan 
LY, et al. Detection of the placental epigenetic signature 
of the maspin gene in maternal plasma. Proc Natl Acad 
Sci U S A. 2005 Oct 11;102(41):14753-8. 

39. Chan KC, Ding C, Gerovassili A, Yeung SW, Chiu RW, 
Leung TN, et al. Hypermethylated RASSF1A in maternal 
plasma: A universal fetal DNA marker that improves the 
reliability of noninvasive prenatal diagnosis. Clin Chem. 
2006 Dec;52(12):2211-8. 

40. Dhallan R, Au WC, Mattagajasingh S, Emche S, Bayliss 
P, Damewood M, et al. Methods to increase the per-
centage of free fetal DNA recovered from the maternal 
circulation. JAMA. 2004 Mar;291(9):1114-9. 

41. Chung GT, Chiu RW, Chan KC, Lau TK, Leung TN, Lo 
YM. Lack of dramatic enrichment of fetal DNA in ma-
ternal plasma by formaldehyde treatment. Clin Chem. 
2005 Mar;51(3):655-8. 

42. Chinnapapagari SK, Holzgreve W, Lapaire O, 
Zimmermann B, Hahn S. Treatment of maternal blood 
samples with formaldehyde does not alter the proportion 
of circulatory fetal nucleic acids (DNA and mRNA) in 
maternal plasma. Clin Chem. 2005 Mar;51(3):652-5. 

43. Benachi A, Yamgnane A, Olivi M, Dumez Y, Gautier E, 
Costa JM. Impact of formaldehyde on the in vitro pro-
portion of fetal DNA in maternal plasma and serum. Clin 
Chem. 2005 Jan;51(1):242-4. 

44. Freeman K, Osipenko L, Clay D, Hyde J, Szczepura A. A 
Review of Evidence on Non-invasive Prenatal Diagnosis 
(NIPD): Tests for Fetal RHD Genotype: University of 
Warwick; 2006 Contract No.: Document Number. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


