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Abstract:

B- Thalassemia is major monogenic disorder. A practical way to prevention of Thalassemia is
identification of carries couples; genetic counseling and offer prenatal diagnose services for both
carrier couples. Routine prenatal diagnose are chorionic villus sampling and amniocentesis,
but both of them are invasive method and they can be ended to bleeding and pregnancy loss.
Recently non invasive prenatal diagnosis has been done by researchers for early detection of
pre-eclampsia, chromosomal aneuploidies, RhD-genotyping. Regarding non invasive prenatal
diagnosis of - Thalassemia, detection of paternally inherited mutation in maternal plasma is
possible. If the fetus inherited normal paternal allele the performance of invasive method it is
not necessary, so this method can be eliminate 50% performance of routine prenatal diagnosis.
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1. Beta Thalassemia

B-Thalassemia is one of major monogenic disorder
in the world ' . About 4% of population IR of Iran
(>3000,000 persons) are P-thalassemic carriers’
2 The main treatment of it is repeated blood
transfusion and iron chelating, however, bone
marrow (stem cell) transplantation is final cure the
disease in some patients and gene therapy is not yet
a routine procedure. A fraction of B- Thalassemia
major patients have milder form of anemia and used
to be classified as B-Thalassemia intermediate (B-TI).
The new categories of this disease is non transfusion-
dependent B-TM and transfusion-dependent f-TM,
which is still an arbitrary name and is the subject
of debate regarding the attitude of care takers,
availability of medical treatment and emergence
of growth failure and bone deformities. However,
patients who need repeated blood transfusion for
prevention severe complications such as heart failure
are called transfusion-dependent 3-TM 3.

2. The extent problem in Iran

B-thalassemia has been reported in most of the
communities that have been screened in Iran. About
3milions carriers are living in IR of Iran *. The overall
prevalence varies in different areas. The highest
incidence of B-Thalassemia carrier rate (11%) is in
the south border of Caspian Sea and also alongside
of Persian Gulf. Four common B-Thalassemia point
mutation in Iranian patients are IVS-II-I (G -A),
IVS-I-5 (G-C), FSC 8/9(+G), IVS-1-110° .

3. The need for accurate identification of couples
at risk

Classical p-Thalassemia carriers have typically
reduced MCV (mean corpuscular volume) less than
80 fl, MCH (mean corpuscular haemoglobin) less
than 27 pg, with high RBC counts and elevated
HbA  levels (>3.5%). However, a few B-thalassemia
heterozygote’s are termed as silent carriers with
normal HbA , they doesn’t follow recentclassification
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On the other hand individuals with borderline HbA,
levels (3.3-3.9%) need to be assessment carefully to
avoid misdiagnosis °.

A practical way to prevention of Thalassemia is
identification of carries couples; genetic counseling
and offer prenatal diagnose services for both carrier
couples. Abortion of affected fetuses is legal and
routine in the country since1991 7.

4. The most suitable time to screem and
genetic counseling

Prevention of the birth the thalassemic baby via
prenatal diagnosis (PND) is the major way to control
the spread of Thalassemia. Both carrier couples are
also under special supervision regarding family
planning and their method of contraception 7*. They
have records in health center and periodic visits
are being performed by health workers. PND and
abortion of the affected fetuses is available and legal
and costs are covered by insurance companies > 17,

5. Prenatal diagnosis

Prenatal diagnosis designs in two categories: 1-
“prenatal screening” for all pregnant women as a
routine antenatal care to determine if the fetus is at
significant risk of having particular disorder such as
sickle cell anemia and Down syndrome. 2- If the fetus
is at high risk of having particular disorder “prenatal
diagnosis” is offered .

The first report of invasive prenatal diagnosis was in
the late 1960s. The most common available methods
for prenatal diagnosis are amniocentesis (after
15 weeks) and chorionic villus sampling (CVS)
(between 11-14 weeks). CVS was first introduced in
mid-1970 . In CVS procedure aspiration of placenta
tissue requires and in amniocentesis; amniotic fluid
aspiration is required. CVS procedure performed via
transabdominal, transvaginal or transcervical under
the guidance of ultrasound. Of cource the selection
between these 3 approaches depends on operator
s personal favorite. Although some researcher
believes that transvaginal approach has higher risk
than the other approaches. Also, this approach needs
considerably more skill and experience and it takes
time and this method requires various and more
frequent insertion and causes vaginal bleeding in
about 10% of cases '.

Both of these are invasive procedures and pose
risks to the mother & fetus e.g., most significantly
a risk of miscarriage 1 in 200-400 and 1 in 100-
200 respectively . Of course the accuracy of
these methods is estimated to be 98-99% 4. These
invasive methods increase risk of fetal loss and other

probable risks such as; massive bleeding which may
lead to abortion and fetal loss. The fetal loss rate is
about 2 -4.5%, and it due to kind of method. Feta
loss rate in Trans abdominal is less than transvaginal
method. Of course the fetal death can be due to
infection following CVS ', Iran started the national
Thalassemia prevention program since 1996. At the
onset this program carrier couples identified before
marriage and to offer counseling, then providing
them with the opportunity to separate. At that time
PND and the option of selective abortion were not
wildly available '6.

6. preimplantation genetic testing

Preimplantation genetic testing was first described
by Handyside et al in 1990, it consisted all types
of genetic testing performed on the embryos
obtained from an IVF (in vitro fertilization) cycle.
Preimplantation genetic testing is divided into two
categories: preimplantation genetic screening (PGS,
(it performed on embryo obtained from parents with
normal karyotypes)) and preimplantation genetic
diagnosis (PGD, (it involves testing the embryos
for a specific genetic disorder)). PGD needs prior
identification of genetic disorder in the family, and
it was initially developed to identify the embryo
with serious genetic disorder. Different methods
can be used for PGD, such as; FISH, chromosomal
microarrays CNVs, DNA sequencing for single
disorder with known mutation in parents. The
biopsy of the embryo is performed on days 3 or
5 after fertilization, although blastomeric stage
biopsy is associated with higher risk of damaging
the embryo and misdiagnosis secondary to possible
mosaicism. Also, trophectoderm biopsy that was
done at blasctocyts stage on fifth day is associated
with better results and more perfect diagnosis. In
overall the risk of mosaicism at blastocyst stage is
lower than blastomeric period. At the moment, even
though advanced techniques, the risk of embryo
misdiagnoses following PGD is not unlikely. When
there is a proven family history of genetic CVS or
amniocentesis should be used to rule out genetic
diagnosis in the fetus .

7. Non invasive prenatal diagnosis (NIPD)

For decades, researchers and physicians introduced
NIPD in a world '3. Now NIPD via free fetal DNA
and fetal cell in maternal circulation is performed
for determination fetal sex, fetal Rh and genetic
disorders.

8. single fetal cell in maternal blood
Fetal cell such as; trophoblasts, erythrocytes and
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leukocytes circulated in maternal blood. Among
these fetal cells, nucleated erythrocytes are suitable
for NIPD because they are uncommon in peripheral
blood of normal mother. Fetal erythrocyte can be
collected from peripheral blood of pregnant mother
during 8-11 weeks '®. The main problem about fetal
cell for NIPD is; the fetal cell will remain in maternal
circulation after delivery, it creates a limitation of
NIPD just for primigravida.

9. Cell free fetal nucleic acids (DNA)

The history of cell free fetal DNA studies, back to
1940s, Mandel & Metais published the first paper
about presence of circulating nucleic acid (CNA).
More studies have been done regarding the relation
between CNA and diagnose of some complication
such as: auto-immune disorder, diabetes, stroke,
trauma, inflammation, infection, and cancer. Of
course CNA can be detected in maternal circulation
along growing the fetus and placenta . At the first
time Lo et al. published the first paper about presence
of' Y chromosome in maternal plasma that carried male
fetus?. Also, other studies demonstrated the relation
between CAN and pre-eclampsia, chromosomal
aneuploidies, RhD-genotyping, etc ',

CNA is in small fragments and the length of it is;
150-200 base pairs. The fragments of CNA is called
the fetal fraction, it produced from cells that have
undergone cellular apoptosis. The half-life of CAN
is 4-30 minutes , with an average 16.3 minutes '*.

Another study reported that, fetal DNA are
fragmented and the size of them are 150 bp( range
from 50-400bp), compared other DNAs with 800 bp
(range 100-1600 bp)?'.

The mechanisms of presence the cell — free DNA
in maternal circulation are: direct transfer of DNA,
placenta, and hematopoietic cells ?. the concentration
of cell-free DNA is 10% of total maternal DNA %2,
it presented in maternal plasma from 4-5 weeks of
pregnancy'’ , and it increases as during pregnancy 2.
Fetal DNA clears rapidly after birth 2%, it means that
cffDNA is a pregnancy specific marker ».

Of course the low concentration of all cell-free DNA
in maternal circulation, different amount of cell-free
DNA between mothers, Molecules of cffDNA are
outnumbered, and Contamination with maternal
DNA ; are some problems for detection of cffDNA in
maternal circulation''.

The most common technique used for amplification of
cffDNA isreal —time PCR, nested PCR, Mass ARRAY
system. These techniques have high sensitivity and
minimizing the risk of contamination'-¢-4,
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Many studies published regarding NIPD of f-
Thalassemia; Lam et al. believe that RHDO
analysis (Relative Haplotype Dosage Analysis), had
demonstrated the entire fetal genome in circulation
of mother. They studied on 2 families that couples
were at risk for having affected baby. DNA that was
extracted from parents and CVS were genotyped
with the Affymetrix Genome-Wide Human SNP
Array 6.0 system. The results following these two
methods were confirmed with conventional PND.
They believe that sequencing method might not be
cost-effective approach and the clinically relevant
genomic regions appear only a minor fraction of
sequencing data ?’.

Li guang-hua. Investigated the clinical feasibility of
cff-DNA — BASED NIPD of B-thalassemia. They
compared the results of nine samples of amniocentesis
with their method. They reported 2 cases of false
negative result. The language of this paper was
Chinese; we just studied the English abstract 5.

Warunee et al. established NIPD for identifying
Hb E-B-thalassemia. They had considered 3 most
common [-thalassemia mutations by analysis of
cffDNA in maternal plasma by using combined
conventional PCR and real-time PCR. The
participants had different mutations. The fetal [3*4?
and B'7 mutations were detected in 6 of 12 and 4
of 9 specimens and these results were concordance
with the results obtained by conventional PND.
Complete concordance results between cffDNA
and conventional procedure were obtained for all
mutations by using combined conventional PCR and
RT-ASPCR (real —time — allele —specific polymerase
chain reaction) analysis. Also they believe that
correct diagnosis of HbE could be obtained in early
gestational age (in 7 week) and if the initial result
is negative for presence of paternal B° thalassemia
or Hb E — mutation, the test can repeated in second
trimester, before conventional PND 2,

Regarding NIPD of Thalassemia, in couples with
different mutations, the absence of the paternal
mutation in maternal plasma can prevent the
possibility of the affected fetus, on the other hand
detection of paternal mutant allele increase the risk
of affected fetus from 25% to 50%. Some studies
published regarding detection paternally mutation
in maternal circulation. Chiu et al. Published a
similar study for detecting paternal mutation in
maternal plasma. Eight carrier couples with different
mutations entered in this study before performance
of conventional PND. Among 8 fetus, 6 cases has
been inherited the paternal mutation. The results on
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conventional method showed that 4 fetuses were
affected by thalassemia major. They believed that
this method had high sensitivity for detection of
inherited paternally mutation *.

Ding et al. reported detection of paternal inherited
mutation in maternal plasma with two protocols;
Mass ARRAY assays and SYBER (single allele
base extension reaction) methods. The result of
these two methods compared to fetal genotyping
that determined with amniocentesis, chorionic villus
sample, and fetal blood sample. They reported two
false negative results in SABER method *'.

Li et al. reported detection of paternally inherited
fetal point mutations for B-thalassemia using size —
fractionated cell-free DNA in maternal plasma. Fetal
DNA extracted from maternal plasma of 32 pregnant
women who had referred for conventional prenatal
diagnosis. The mutations of parents were different
and they focused on four common (-globin gene
mutations. They believe that, the size of fetal DNA (<
300 base pairs (bp)) is smaller than maternal DNA (>
500 bp). Also they evaluated the difference between
the results by analysis of size — fraction circulating
DNA and by the analysis of total circulatory DNA.
The result of this study showed only one false
positive, sensitivity 100%, and specificity 93.8%.
The result of 3 cases were uncertain; probably the
low concentration of the fetal DNA in maternal
plasma reduced the accuracy of analysis *%.

Lazaros et al. was done a study regarding detection
of paternal beta-globin gene mutations and
polymorphisms as predictors of thalassemia major
diagnosis by CVS sample. They studied 97 couples
and their parents for identification of beta-globin gene
mutations and haplotypes. Also, they identified the
haplotypes of 100 control non heterozygote couples.
37 of couples had different mutations (the father was
carrier of IVSI-110, and mother had another common
mutations), the sensitivity and specificity of this
method were 96% and 100% respectively *.

Galbiati et al. performed a study for identification of
paternally inherited mutations in maternal plasma.
The results obtained with COLD-PCR in 35 cases
were in concordance with conventional PND 34,

Phylipsen et al. used two combined methods; PAP
(pyrophosphorolysis-activated polymerization)
and MCA (Melting Curve Analysis) for NIPD of
B-thalassemia major and sickle cell disease. In all
cases, they were able to detect paternally inherited
allele in maternal plasma. PAP results were confirmed
by direct sequencing analysis after birth .

Prajantasen et al. was done a non invasive prenatal
diagnosis of B-thalassemia and hemoglobin E gene
by DHPLC (Denaturing High Performance Liquid
Chromatography) method. They enrolled 42 couples
at risk of having Hb E-B offspring. They obtained
diagnostic result of 100% concordance with result
obtained by ARMS-PCR method and fetal blood
specimen was analyzed by capillaries 2 automated
capillary electrophoresis *.

New technologies can differentiate both paternal
& maternal mutations in maternal plasma, and a
genomic-wide genetic map of fetus has been made
for parent’s haplotypes. Targeted next-generation
sequencing with haplotype analysis allowed NIPD
for o and B Thalassemia by paternally inherited
mutation in maternal circulation. Regarding the
limitations of NIPD; for as much as sequence
information is derived from placenta, the possibility
of false-positive result can be increased, because of
placenta mysticism. Professional organizations e.g.
American college of OBS & GYN, the Society for
Maternal-Fetal Medicine and National Society of
Genetic Counselors recommended NIPD by cffDNA
only for high risk pregnancy. In the case of positive
result a conventional prenatal diagnosis should be
done .

Of course some studies indicated about Parents
inherited SNP in maternal circulation and its
application for NIPD of Thalassemia.

Papasavva et al. Assayed NIPD by detection
of paternally inherited SNPs (single nucleotide
polymorphisms) with using APEX (arrayed primer
extension) method. Eleven SNPs of B-globin gene
that have high degree of heterozygisity were selected
in 34 families (PB-thalassemia carrier couples).
Among seven families were informative for the SNP
rs 10837631, three families were negative and four
families were positive for the paternal allele. These
results were in accordance with CVS analysis in all
samples except one in which they failed detecting the
paternal allele ¥7.

Chan et al. performed a study on 20 carrier couples
one week prior to the conventional PND. They
consider four common mutations and SNPs in
couples. The results of new method were most
useful when absence of the paternal mutation was
corroborated by the absence of SNPs linked to the
paternal T allele, and it needs to performance the
conventional PND 3%

Papasavva et al. had studied on advantage of the
allele specificity and sensitivity of the AS-PCR
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(Allele-specific polymerase chain reaction) as NIPD
for detection of paternally inherited SNPS (single
nucleotide polymorphisms) as well as -thalassemia.
The AS-PCR approach detected paternally inherited
allele in maternal plasma. In this study, 3-4 ng/uL
fetal DNA were extracted and AS-PCR proves to be
sensitive and specificity assay for detection of fetal

DNA in maternal plasma even at lowest concentration
39

Papasavva et al. performed a study to assay high
heterozygouse SNPs were examined in 101 JB-
thalassemia carrier couples for NIDP. The results
of this study revealed that, 72.28% of couples

eligible for qualitative SNPs based NIDP, 92% are
quantitative detection. They believe that this method
is sensitive and specific for detection of paternally
inherited mutation in maternal plasma .

10. Conclusion:

The conclusion of this study is; Detection of paternal
allele in maternal plasma is feasible. Of course,
more study needs to be performed for developing
and validating methods into efficient, precise, and
reliable assays for the NIPD of B-Thalassemia.

Conflict of interest:

None declared.

200



Non invasive prenatal diagnosis of - Thalassemia, A narrative review study

References:

L.

10.

11.

12.

13.

14.

Modell B, Khan M, Darlison M, Westwood
M, Ingram D, Pennell D. Improved survival of
thalassaemia major in the UK and relation to T2*
cardiovascular magnetic resonance. Journal of
Cardiovascular Magnetic Resonance 2008;10:42.
https://doi.org/10.1186/1532-429X-10-42

Abolghasemi H, Amid A, Zeinali S, Radfar M,
Eshghi P, Rahiminejad., et al. Thalassemia in Iran:
epidemiology, prevention and management. Journal
of pediatric Hematology/Oncology. 2007;29(4):233-8.
https://doi.org/10.1097/MPH.0b013e3180437¢02
Kosaryan M, Zafari M, Alipur A, Hedayatizadeh-Omran
A. The Effect and Side Effect of Hydroxyurea Therapy
on Patients With B-Thalassemia: A Systematic Review
to December 2012. Hemoglobin. 2014;38(4):262-71.
https://doi.org/10.3109/03630269.2014.927770
Khorasani G, Vahidshahi K, Kosaryan M, Shakeri
S, Nasehi M. Result of the national program for
prevention of thalassemia major in the Iranian province
of Mazandaran. Hemoglobin 2008;32(3):263-71.
https://doi.org/10.1080/03630260802004269

Gill P, Forouzandeh M, Eshraghi N, Ghalami M, Safa M,
Noori-Daloii M-R. Detection of four B-thalassemia point
mutations in Iranians using a PCR-ELISA genotyping
system. Molecular and cellular probes. 2008;22(2):103-9.
https://doi.org/10.1016/j.mcp.2007.10.001

Colah R, Gorakshakar A, Nadkarni A. Invasive &
non-invasive approaches for prenatal diagnosis of
haemoglobinopathies: Experiences from India. The Indian
journal of medical research. 2011;134(4):552.

sheiner e, levy a, yerushalmi r, katz m. beta- thalassemia
minor during pregnancy. american college of
obstetric and gyneacology. 2004;103(6):12731277.
https://doi.org/10.1097/01.20g.0000126575.34482.fb
toumba M, kanaris C, simamonian N, skordis. outcome
and management of pregnancy in women with
thalassemia in cyprus. eastern mediterranean health
journal. 2008;14(3).

psihogios v, rodda c, reid e, clark m, clark c,
bowden d. reproductive health in individual with
homozygouse  beta-  thalassemia ‘knowledge,
attitude,and behaviour. fertil steril. 2002;77(1):119-27.
https://doi.org/10.1016/S0015-0282(01)02933-8
Modell B, Samavat A. Iranian national thalassemia
screening  program. BMJ.  2004; 329:1134-7.
https://doi.org/10.1136/bm;j.329.7475.1134

Wright CF, Burton H. Theuse ofcell-free fetalnucleicacids
in maternal blood for non-invasive prenatal diagnosis.
Human reproduction update. 2009;15(1):139-51.
https://doi.org/10.1093/humupd/dmn047

Akhlaghpoor Sh, AzizAhari. chorionic villus sampling
and marked membrane separation. Iran J Radiol. 2010;
7(4): 211-214.

Swanson A, Sehnert AJ, Bhatt S. Non-invasive prenatal
testing: technologies, clinical assays and implementation
strategies for women’s healthcare practitioners.
Current genetic medicine reports. 2013;1(2):113-21.
https://doi.org/10.1007/s40142-013-0010-x
Papageorgiou EA, Patsalis PC. Non-invasive prenatal

15.

16.

17

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

diagnosis of aneuploidies: new technologies and
clinical applications. Genome Med. 2012;4(5):46.
https://doi.org/10.1186/gm345

Monzavi S, Savadkuhi, Rohani. Chorionic villus
sampling complications in prenatal diagnosis of
thalassemia major. Iran J Radiol. 2010; 7(2): 101-104.
Akhlaghpoor S. Chorionic villus sampling for
beta- thalassemia : the first report of experience
in Iran. Prenatal Diagnosis. 2006; 26: 1131-1136.
https://doi.org/10.1002/pd.1572

Babkina N, Graham Jr JM, editors. New genetic testing
in prenatal diagnosis. Seminars in Fetal and Neonatal
Medicine; 2013: Elsevier.

Shimizu H, Suzumori K. Prenatal diagnosis as a
test for genodermatoses: its past, present and future.
Journal of Dermatological Science. 1999; 1-8.
https://doi.org/10.1016/S0923-1811(98)00045-0
Swarup V, Rajeswari M. Circulating (cell-free) nucleic
acids—apromising, non-invasivetool for early detection of
severalhuman diseases. FEBS letters. 2007;581(5):795-9.
https://doi.org/10.1016/j.febslet.2007.01.051

Lo Y, Corbetta N, Chamberlain PF, Rai V, Sargent IL,
Redman CW, et al. Presence of fetal DNA in maternal
plasma and serum. the lancet. 1997;350(9076):485-7.
https://doi.org/10.1016/S0140-6736(97)02174-0
HolmbergRC,GindlespergerA, Stokes T,LopezD, Hyman
L, Freed M, et al. Akonni TruTip® and Qiagen® methods
for extraction of fetal circulating DNA-evaluation by
real-time and digital PCR. PloS one. 2013;8(8):¢73068.
https://doi.org/10.1371/journal.pone.0073068

Chiu RW, Cantor CR, Lo Y. Non-invasive
prenatal diagnosis by single molecule counting
technologies. Trends in genetics. 2009;25(7):324-31.
https://doi.org/10.1016/j.tig.2009.05.004

Hahn S, Lapaire O, Tercanli S, Kolla V, Hosli 1.
Determination of fetal chromosome aberrations from fetal
DNA in maternal blood: has the challenge finally been
met? Expert reviews in molecular medicine. 2011;13(1).
https://doi.org/10.1017/s1462399411001852

Tong Y-K, Lo Y. Diagnostic developments
involving cell-free  (circulating) nucleic acids.
Clinica chimica acta. 2006;363(1):187-96.

https://doi.org/10.1016/j.cccn.2005.05.048

Hill M, Barrett AN, White H, Chitty LS. Uses of cell free
fetal DNAinmaternalcirculation. BestPractice & Research
Clinical Obstetrics & Gynaecology. 2012;26(5):639-54.
https://doi.org/10.1016/j.bpobgyn.2012.03.004
Zimmermann BG, Grill S, Holzgreve W, Zhong
XY, Jackson LG, Hahn S. Digital PCR: a powerful
new tool for noninvasive prenatal diagnosis?
Prenatal diagnosis. 2008;28(12):1087-93.
https://doi.org/10.1002/pd.2150

Lam K-WG, Jiang P, Liao GJ, Chan KA, Leung TY,
Chiu RW, et al. Noninvasive prenatal diagnosis of
monogenic diseases by targeted massively parallel
sequencing of maternal plasma: application to
B-thalassemia. Clinical chemistry. 2012;58(10):1467-75.
https://doi.org/10.1373/clinchem.2012.189589

LI Guang-hua, RONG Ka-bin, LUO Yan-fei, CHEN
Dong, GONG Cai-ping, WU Jin, et al. Prenatal diagnosis

201



29.

30.

31.

32.

33.

34.

202

Zafari M, Kowsaryan M, Gill P, Banihashemi A

of B-thalassaemia using cell-free fetal DNA in maternal
plasma. J South Med Univ. 2011;31(8):1437-9.

Tungwiwat W, Fucharoen G, Fucharoen S, Ratanasiri
T, Sanchaisuriya K, Sae-Ung N. Application of

maternal plasma DNA analysis for noninvasive
prenatal  diagnosis of Hb  E-B-thalassemia.
Translational Research. 2007;150(5):319-25.

https://doi.org/10.1016/j.trs1.2007.06.006

Chiu RW, Lau TK, Leung TN, Chow KC, Chui DH, Lo Y.
Prenatal exclusion of f thalassaemia major by examination
ofmaternal plasma. thelancet. 2002;360(9338):998-1000.
https://doi.org/10.1016/S0140-6736(02)11086-5

Ding C, Chiu RW, Lau TK, Leung TN, Chan LC,
Chan AY, et al. MS analysis of single-nucleotide
differences in circulating nucleic acids: Application
to noninvasive prenatal diagnosis. Proceedings
of the National Academy of Sciences of the
United States of America. 2004;101(29):10762-7.
https://doi.org/10.1073/pnas.0403962101

LiY, Di Naro E, Vitucci A, Zimmermann B, Holzgreve
W, Hahn S. Detection of paternally inherited fetal point
mutations for B-thalassemia using size-fractionated cell-
free DNA in maternal plasma. JAMA: the journal of
the American Medical Association. 2005;293(7):843-9.
https://doi.org/10.1001/jama.293.7.843

Lazaros L, Hatzi E, Bouba I, Makrydimas G, Dalkalitsis
N, Stefos T, et al. Non-invasive first-trimester detection of
paternal beta-globin gene mutations and polymorphisms
as predictors of thalassemia risk at chorionic villous
sampling. European Journal of Obstetrics & Gynecology
and  Reproductive  Biology. 2008;140(1):17-20.
https://doi.org/10.1016/j.ejogrb.2007.12.019
GalbiatiS,BrisciA,DaminF, GentilinB,CurcioC,Restagno
G, et al. Fetal DNA in maternal plasma: a noninvasive
tool for prenatal diagnosis of beta-thalassemia. Expert
Opinion on Biological Therapy. 2012;12(S1):S181-S7.
https://doi.org/10.1517/14712598.2012.677428

35.

36.

37.

38.

39.

40.

Phylipsen M, Yamsri S, Treffers EE, Jansen DT, Kanhai
WA, Boon EM, et al. Non-invasive prenatal diagnosis
of beta-thalassemia and sickle-cell disease using
pyrophosphorolysis-activated polymerizationandmelting
curve analysis. Prenatal diagnosis. 2012;32(6):578-87.
https://doi.org/10.1002/pd.3864

Prajantasen T, Fucharoen S, Fucharoen G,
Siriratmanawong N, Pinmuang-ngam C. Prenatal
and post-natal screening of [-thalassemia and
hemoglobin E genes in Thailand using denaturing
high performance liquid chromatography.
Molecular  biology  reports.  2013;40(4):3173-9.
https://doi.org/10.1007/s11033-012-2391-4

Papasavva T, Kalikas I, Kyrri A, Kleanthous M.
Arrayed Primer Extension for the Noninvasive Prenatal
Diagnosis of B-Thalassemia Based on Detection of
Single Nucleotide Polymorphisms. Annals of the New
York Academy of Sciences. 2008;1137(1):302-8.
https://doi.org/10.1196/annals.1448.029

Chan K, Yam I, Leung K, Tang M, Chan T,
Chan V. Detection of paternal alleles in maternal
plasma for non-invasive prenatal diagnosis of
B-thalassemia: A feasibility study in southern Chinese.
European Journal of Obstetrics & Gynecology
and  Reproductive  Biology. 2010;150(1):28-33.
https://doi.org/10.1016/j.ejogrb.2010.02.016
Papasavva T, Kalakoutis G, Kalikas I, Neokli E,
Papacharalambous S, Kyrri A, et al. Noninvasive

Prenatal Diagnostic Assay for the Detection
of pB-Thalassemia. Annals of the New York
Academy  of  Sciences. 2006;1075(1):148-53.

https://doi.org/10.1196/annals.1368.020

PapasavvaTE, Lederer CW, Traeger-Synodinos J, Mavrou
A, Kanavakis E, loannou C, et al. A Minimal Set of SNPs
forthe Noninvasive Prenatal Diagnosis of p-Thalassaemia.
Annals of human genetics. 2013;77(2):115-24.
https://doi.org/10.1111/ahg.12004




