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INTRODUCTION
Haemophilia A is one of the most prevalent congenital bleeding 
disorders caused by a deficiency in coagulation factor VIII. Due to 
its X-linked inheritance, it affects approximately 1 in 5000 males, 
while females are typically asymptomatic carriers of the disorder 
[1]. The reported Haemophilia A prevalence (per 100 000 males) in 
the literature varies considerably among countries and according 
to the global survey presented by World Federation of Haemophilia 
about Haemophilia cases, Iran was ranked second (next to Egypt) 
in the eastern Mediterranean region [2,3]. Fetal sex determination 
is an important step in the prenatal diagnosis of Haemophilia. If 
the fetus is female, further investigation is not required, but in the 
case of a male fetus, subsequent DNA analysis is required, and 
the parents must be appropriately counseled. Currently however, 
prenatal diagnosis in the first-trimester of gestation is based on 
invasive procedures that carry a risk of approximately 1% for 
miscarriage [4]. The discovery of free fetal cells in 1950s, and 
free fetal DNA (ffDNA) in the 1990s, in the maternal circulation 
early in gestation, has opened up new possibilities for prenatal 
diagnosis. Although the use of fetal cells for prenatal diagnosis 
has necessarily been limited due to their rarity in the maternal 
circulation; their persistence during subsequent pregnancies; their 
apoptotic state, and their requirement for special isolation and 
enrichment procedures, the use of ffDNA for prenatal diagnosis 
of genetic diseases is preferable and is now well-established 
[5-7]. Fetal DNA originates mainly from apoptotic placental cells 
(trophoblasts) and circulates in maternal plasma predominantly as 
fragments of lengths less than 313 bp [8,9]. Probably, they are 
protected within apoptotic bodies or are attached to nucleosomes, 
so that fetal nucleic acids are unexpectedly stable in the maternal 
circulation [10]. Fetal DNA can be reliably detected in the maternal 
circulation from the 5th week of pregnancy, and its concentration 
increases in the course of gestation [11]. Most studies have used 
Y chromosome-specific fetal gender [12-15]. Initial studies using 
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ABSTRACT
Background: Haemophilia A (HA) is the most severe sex-linked 
bleeding disorder that is characterized with non-controlled and 
often threatening Haemorrhage. Routine fetal sex determination in 
early pregnancy with Haemophilia is based on invasive procedures 
that can be dangerous to the mother and fetus. 

Aim: The goal of this study is to present an improved assay for 
the non-invasive fetal sex determination using a Real-Time duplex 
PCR on the free fetal DNA (ffDNA) obtained from the maternal 
serum of the HA carriers. 

Materials and Methods: Blood samples were eventually collected 
from 23 pregnant HA carriers between the 8th and 12th weeks of 
gestation, and after amplification by duplex-PCR of the single copy 
of Y chromosome-specific sequence (SRY), the product was then 
subjected to Real-Time PCR analysis. 

Results: Data were compared with the outcome of chorionic 
villus sampling (CVS) and indicated that the SRY sequence was 
detected in 6 of 6 serum samples from male pregnancies and that 
sequence was absent in 9 samples where the fetus was female. 
The remaining samples determined without having the CVS 
positive samples. 

Conclusion: We tried to develop a Real-Time duplex PCR for 
accurate diagnosis of fetal gender early in the pregnancy of HA 
carriers. This study has brought up two remarkable points, the 
first is the method’s improvement with high specificity in sex 
determination, especially in screening of prenatal sex-linked 
disorders in male gender and the second is that fresh serum 
samples would be a good source for this purpose, advocated by 
similar studies carried out in this regard. 
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conventional PCR techniques were less sensitive and specific 
relative to more recent techniques, such as Real-Time PCR. 
Fragmentation of the ffDNA and its low concentration (3-6%) 
against a high background of maternal free DNA (94–97%), are 
the main problems involved in fetal sex determination [16,17]. To 
address these problems, numerous studies have so far shown that 
Real-Time PCR increases the specificity and sensitivity of non-
invasive fetal sex determination, but for getting more specificity 
we tried to improve the method using Real-Time duplex PCR with 
general SYBR-Green assay for detecting the SRY gene in plasma 
and serum of the pregnant HA carriers between the 8th and 12th 
weeks of gestation, the period of time in which external genital 
development occurs and is the most favourable time of chorionic 
villus sampling for prenatal diagnosis of fetal sex.

MATERIALS AND METHODS
Collection and processing of blood samples. A total of 23 blood 
samples were collected over one year (started in 2012) from the 
pregnant Haemophilia-A carrier, with their consent, referred to 
the Iranian Comprehensive Haemophilia Care Center (ICHCC) 
at between 8th and 12th weeks of gestation. All pregnant had a 
history of Haemophilia diagnosed in this center as the pregnant 
Haemophilia-A carrier. The management of these pregnant women 
was undertaken by an experienced obstetric team in this centre. 
The range of age in these pregnant was between 20–35-year-old. 
Ten ml of blood were taken, under local ethics committee approval 
of ICHCC, for preparation of plasma and serum samples. Some 
of samples were analysed immediately while others were stored 
at -80°C. To avoid contamination with male genetic material, all 
processes were performed by female personnel. Simultaneously, 
chorionic villus sampling (CVS) and DNA analysis have been 
tested in ICHCC as the gold standard method in pregnancies with 
a high risk of severe Haemophilia and as the positive control for 
this study. 
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DNA extraction from plasma and serum samples. Total cell-free 
DNA was extracted from 400 µl of plasma and serum, using the 
High Pure PCR Template-Preparation Kit (Roche Applied Science, 
Germany) according to the manufacturer’s instructions. To ensure 
absence of contamination during DNA extraction, a female sample 
was always used in each series of DNA analyses as a negative 
control.

Standardization of the Real-Time Duplex PCR assay. Two pairs of 
primers for the SRY gene, as a cell-free fetal DNA marker, and a 
single pair of primers for the β-actin gene used as a control for 
the DNA extraction process were selected [Table/Fig-1]. Positive 
results for amplification of beta-actin made it possible to distinguish 
true negative signals from the false negative results. Due to the 
amplification of carry-over contamination, the results can easily be 
vitiated, when detecting a low copy number DNA target against a 
high background of non-target DNA. We therefore used the dilute 
PCR products for real time analysis. For this purpose, the first 
PCR amplification was performed in a conventional thermal cycler 
machine, using two pairs of primers for amplifying SRY gene in a 
reaction volume of 25 µl containing 10x Buffer (1X), MgCl2 (2.25mM), 
dNTPs (0.45mM), primers (0.2µM) and Taq DNA Polymerase (1unit). 
After initial denaturation at 95°C for 5 minutes, the thermal cycling 
program was set up for 20 cycles as follows: 95°C for 45s, 56°C 
for 45s, 72°C for 45s. Two µl of diluted product (1: 5) was then 
subjected to Real-Time Duplex PCR analysis using two pairs of SRY 
primers in a Light Cycler 1.5 instrument, Carousel-Based System 
(Roche, Germany). The second Real-Time amplification reaction 
was performed with 1X Light Cycler® FastStart DNA Master PLUS 
SYBR Green and with 0.25µM of each primer in a final volume of 
20 µl. Touchdown thermal cycling was started with a 10 min pre-
incubation at 95°C , followed by 35 cycles of denaturation at 95°C 
for 10s, primary annealing at 62°C for 10s, and after 7 cycles, was 
then reduced (1°C/cycle ) to the secondary annealing of 56°C for 
10s , extension at 72 for 10s and, at the end of PCR amplification, 
melting curve analysis was performed by increasing the temperature 
from 65°C to 95°C. During each run, a sample of male genomic DNA 
as the positive control, female genomic DNA as the DNA extraction 
negative control, and a blank sample as a PCR negative control 
(non-template control) were used. Results were later compared with 
the PCR analysis of fetal DNA samples provided by chorionic villus 
sampling (CVS).

Primers Sequences ( 5'3')
Position 

(accession No.)
Size of 

amplicons

SRY-1
Forward
Reverse

CAACGTCCAGGATAGAGTGA 
GCTGATCTCTGAGTTTCGCA

X53772.1 112 bp

SRY-2
Forward
Reverse

TTGCACTGAAAGCTGTAACTC
CTGTAATTTCTGTGCCTCCT

X53772.1 247 bp

B-actin
Forward
Reverse

AAACTGGAACGGTGAAGGTG 
TATAGAGAAGTGGGGTGGCT

NM_001101 174 bp

[Table/Fig-1]: Two pairs of primers for the SRY gene and one pair of primers for the 
B-actin are shown

RESULTS
With amplification of any fragment of the SRY sequence, fetal sex 
was diagnosed as male and in the absence of such amplification, 
was diagnosed as female. [Table/Fig-2] shows the results of duplex/
nested PCR analysis performed on male and female normal/control 
samples. Because of locating one pair of SRY primers within another 
pair, in addition to the main fragments, that is two fragments with 
112 and 247 bp, two other fragments, one (169bp) resulting from 
coupling the second forward primer with the first reverse primer 
and the other (190bp), resulting from the first forward primer with 
the second reverse primer, will be produced. After a 20-cycle 

conventional PCR on the male and female controls, several diluted 
samples (1:10, 1:20 and 1:50 dilutions) were amplified by Real-Time 
PCR. Three peaks of the SRY genes with three dilutions of normal 
samples were observed with male genomic DNA, without any 
primer-dimers in the melting curve of Real-time duplex PCR, while 
the latter ones could be detected for female and blank samples in 
position with lower temperatures and without any signal for SRY as 
well [Table/Fig-3a] and [Table/Fig-3b]. Regarding main samples, of 
23 maternal blood samples totally collected at between 8 and 12 
weeks of gestation, only 15 serum could be assayed by Real-Time 
duplex PCR and CVS analysis [Table/Fig-4] and for the nine remaining 
samples, we unfortunately lost the CVS samples, it is because of 
some mothers wanted to keep their fetus without knowing about the 
fetal status and doing CVS sampling. However, comparison of Real-
Time duplex PCR results with PCR analysis of fetal DNA samples 
provided by CVS indicated that SRY sequences were definitely 
detected in 6 of 6 serum samples (100% sensitivity) concerning of 
male samples [Table/Fig-4]. Meanwhile, SRY sequences were not 
detected in none of the remaining serum samples (9 cases) indicated 
mothers carrying female fetus (100% specificity). In female samples, 
only primer-dimer peaks were observed. In our experience, when 
we used fresh samples with male fetus, we obtained a strong SRY 
gene peak [Table/Fig-5a] compared with the male positive control 
accompany with primer-dimer peak, but when we used the same 
frozen/thawed samples, shorter or smaller peak of SRY ampilcon 
was detected in all serum samples carrying a male fetus [Table/Fig-
5b]. Overall, the correct prediction rates taken as the accuracy (AC), 
positive predictive value (PPV) and negative predictive values (NPV) 
for all 15 serum samples, fresh or frozen/thawed samples, analysed 
in the current study were as follows: 100% (15/15), 100% (6/6) and 
100% (9/9) respectively. 

[Table/Fig-2]: The Conventional duplex PCR on the positive and negative SRY 
samples

[Table/Fig-3a,b]: Melting curve analysis for diluted PCR product samples in the 
real-time duplex PCR (a) and electrophoresis result of these samples (b). Positive controls 
(male samples with 3 different dilutions):Peak No.1;  1:10 dilution, Peak No.2;   1:20 dilution, Peak 
No. 3;  1:50 dilution, Peak No. 4,  for negative control 
or female sample; 1:50 and Peak No. 5 for Blank sample with the same  dilution; 1:50.B: Agarose 
Gel. B: Agarose Gel electrophoresis for the results gained from the Real-Time PC
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PCR for the SRY gene [27]. Rijnders R et al., predicted fetal sex 
correctly in 97.8% of 45 pregnancies at risk for congenital adrenal 
hyperplasia using ffDNA in plasma and by Real-Time PCR and Taq 
Man probes, at gestational ages of 8 to17 weeks [28]. In another 
study conducted by this group to evaluate the earliest gestational 
age for detecting ffDNA in maternal plasma, SRY sequences were 
detected with 50% sensitivity at 5 weeks of gestation; 80% at 7 
weeks and 100% at 9 weeks [29]. Hwa HL et al., predicted fetal 
sex in 20 of 23 healthy pregnant women carrying male fetuses. 
Three of samples that showed false negative results, were at a 
gestational age of less than 11 weeks [30]. Davalieva K et al., 
correctly determined the fetal gender prior to amniocentesis, 
in 43 of 46 maternal plasma samples (93.5%) using Real-Time 
PCR [31]. Zargari M et al., correctly predicted fetal sex in 40 of 
42 maternal plasma samples ( 95.2%) in normal pregnant women 
who were in their 6th and 10th weeks of gestations using nested-
PCR on the SRY gene and other genes on the chromosome Y 
[32]. Khorram Khorshid et al., have done the same experiments 
on the normal pregnant women could able to predict fetal gender 
with 97.3% sensitivity using real time PCR on the same genes 
on the chromosome Y [33]. Hromadnikova I et al., demonstrated 
a sensitivity and specificity of 100% in 12 pregnancies at risk 
of Haemophilia, 11 haemophilia A and 1 haemophilia B, and 
32 pregnancies at risk of chromosomal aneuploidies in the 10th 
to 18th weeks of gestation using TaqMan Real-Time PCR [34]. 
Bustamante-Aragones A et al., assessed fetal sex with an accuracy 
and specificity of 100% from a gestational age of 7 weeks by Real-
Time PCR analysis [35]. Two latter studies and their results were 
quite similar to our work, although our study differed in that we 
used fresh and frozen serum /plasma from the maternal blood 
of Haemophilia A carriers and we also used 2 pairs of primers 
for the SRY gene to obtain a reliable signal for fetal gender in a 
Real-Time duplex PCR analysis and finally, we used SYBR Green 
instead of a probe in this analysis. We were able to obtain a high 
degree of accuracy with fresh serum, rather than with plasma, 
which is consistence with several studies indicated that fetal DNA 
in serum is present in greater quantities than in plasma and its 
concentration increases some 100 times when samples are kept 
at 4°C for 4 to 5 days [36,37]. In case of the presence of the large 
amounts of non-target DNA which is the major problem related 
to amplifying low copy number DNA target sequences [38], we 
were well able to overcome this problem by combining duplex/
nested-PCR and LC-qPCR. However, limited samples used in this 
experiment would be considered as lacuna of our study.

CONCLUSION 
In this study we have tried to evaluate the specificity and sensitivity 
of Real-Time duplex PCR for determining fetal gender, especially for 
the male sex, using ffDNA in the maternal blood of Haemophilia-A 
carriers between the 8th and 12th weeks of gestation. The real-time 
duplex PCR which introduced in this study has brought up two 
remarkable points: the first is the specificity of this method and the 
second is that the best results are obtained when the fresh maternal 
serum taken from the Haemophilia carriers used at between 8 and 
12 weeks of gestation. Meanwhile, the introduced method is not 
only specific, sensitive and relatively cheap, but also applicable in 
any well-equipped clinical laboratories for early diagnosis of fetal 
gender in Haemophilia-A carriers. 
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DISCUSSION
Several noninvasive methods have been introduced for the 
prenatal diagnosis of fetal sex [18-21]. Due to the uncertain results 
of ultrasound before 13 weeks of gestation, assessment of fetal 
sex by this technique is usually done in the second trimester of 
pregnancy. Recovery of transcervical cells [22] and isolation of fetal 
cells from maternal blood [23] have also has been reported for the 
detection of fetal gender, but problems due to lack of sensitivity 
or specificity; frequent method failure rates and high cost make 
them unsuited to routine application. The detection of cell-ffDNA 
in maternal blood in 1997 has opened up new possibilities for 
noninvasive prenatal diagnosis and created an important field of 
study in prenatal genetic diagnosis, including fetal sex determination 
for couples at risk of X-linked diseases such as Haemophilia, 
single-gene disorders of paternal origin, and fetal RhD status in 
RhD- negative women. It has also been suggested that ffDNA 
can be used for monitoring fetal and maternal pathophysiological 
conditions [7,24,25]. The ffDNA can be isolated from serum and 
plasma of maternal blood and used for noninvasive prenatal sex 
determination. Ingargiola I et al., quantitatively determined ffDNA 
concentrations in plasma of 9 normal pregnant women carrying a 
male fetus, using SYBR Green in the third trimester of gestation 
[26]. Tungwiwat W et al., were able to determine fetal gender in 
15 normal women carrying a male fetus by a multiplex nested 

[Table/Fig-5a,b]: Melting curve analysis of the SRY amplification of the fresh and 
frozen maternal samples. a) Fresh samples, and b) frozen samples

No.
Samples The week 

of preg-
nancies

results of real-Time 
duplex PCr 

( SRY detected )

results of 
CVS 
(SRY 

detected)Plasma Serum Plasma  Serum

1 √ √ 9 Positive Positive Positive

2 √ √ 12 Positive Positive Positive

3 √ √ 9 Positive Positive Positive

4 √ √ 11 Positive Positive Positive

5 √ √ 8 Positive Positive Positive

6 √ √ 11 Positive Positive Positive

7 - √ 7 - Negative Negative

8 - √ 11 - Negative Negative

9 √ √ 9 Negative Negative Negative

10 - √ 8 - Negative Negative

11 √ √ 11 Negative Negative Negative

12 - √ 11 - Negative Negative

13 - √ 9 - Negative Negative

14 √ √ 12 Negative Negative Negative

15 - √ 8 - Negative Negative

[Table/Fig-4]: Gestational age data and results of Real-time duplex PCR on the 
maternal blood of Haemophilia-A carriers
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