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ABSTRACT Non-invasive prenatal testing (NIPT) is a current technique for prenatal diagnosis. This technique
uses cell-free fetal DNA in maternal plasma for detection. The objective in this study is to estimate the effectiveness
of NIPT for screening of Hb Bart's hydrops fetalis syndrome (SEA deletion). A total of 343 studies were selected
and reviewed. Elimination of article was done using inclusion criteria and exclusion criteria respectively, eight
articles were included for full text review in this study. The combined five studies (a total of 271 samples) show the
sensitivity of ninety-nine percent (95% Cls: 94-100%) and the specificity of seventy-three percent (95% Cls: 66-
79%), respectively. The current study represented that NIPT of Hb Bart's hydrops fetalis syndrome (SEA deletion)
is highly accurate. The most common detection methods are quantitative of detection SEA deletion fragment and
informative SNPs or microsatellite of non-deleted paternal allele. These methods could be initial screening before

continuing with invasive conventional methods

INTRODUCTION
Invasive Prenatal Diagnosis

Prenatal diagnosis consists of prevention
and control of inherited disorders. Risk of se-
vere disease to fetus should be investigated
before birth. Conventional prenatal diagnosis
involvesthe invasive technique of sampling fe-
tal tissues (Wieacker and Steinhard 2010; Simp-
son 2012). Invasive prenatal diagnosis can be
performed at 10-12 weeks or first trimester of
gestation. Specimen collection for invasive pre-
natal diagnosisisdifferent and depends on ges-
tational age (Li and Yang 2017). For thefirst tri-
mester, chorionic villus sampling (CVS) is per-
formed using a catheter or needleto removepla-
cental tissues for biopsy. Limitations of CVS
sampling are suggested only between 10-12
weeksor first trimester of gestation. Risk of abor-
tionfrom CV Stran-cervical sampling isgreater
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than from trans-abdominal sampling. During the
second trimester, amniocentesis (amniotic fluid)
and cordocentesis (fetal blood) sampling arerec-
ommended. However, late genetic abnormalities
identified for choosing pregnancy termination
present greater emotional and physical risksto
women than during the first trimester. Amnio-
centesisshould be performed during 10-18 weeks
of gestation because the concentration of DNA
derived from amniotic cell isalsolessthan CV'S
(Govender et al. 2015; Li and Yang 2017). Fetal
blood sampling is preferred in cases of late in-
vestigation, more than 18 weeks of gestation.
Some genetic diseases, severe thalassemia dis-
ease used the fetal blood for prenatal diagnosis
from pattern of hemoglobin (Hb) type using au-
tomation detection (Srivorakun et al. 2009; Liao
et al. 2012). Recent studiesfor prenatal diagno-
sis were introduced using non-invasive tech-
niquesto reducefetal risk (Tungwiwat et a. 2007,
Zafari et a. 2016; Hudecova and Chiu 2017;
Skrzypek and Hui 2017; Chiu et al. 2018).

Non-invasive Prenatal Testing (NI PT)

Non-invasive prenatal testing (NIPT) is a
current technique for prenatal diagnosis of fetal
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abnormalities using cell-free fetal DNA (cffD-
NA) in maternal plasma(Tungwiwat et al. 2007,
Zafari et a. 2016; Hudecova and Chiu 2017,
Skrzypek and Hui 2017; Chiueta. 2018). NIPT is
a non-invasive technique; however, it does not
guarantee an affected pregnancy for positive
cases. Conventional invasive techniques can
confirm positive cases or those with unsure in-
formation (Hudecovaand Chiu 2017). NIPT us-
ing cffDNA has been offered as a potential
screening tool to increase accuracy in non-in-
vasive prenatal diagnosis (Hudecova and Chiu
2017). Development of NIPT was established
after thediscovery of cffDNA in 1997 (Loetal.
1997). Circulating fragmentsof cell-freeDNA are
short fragments of DNA found in the blood cir-
culation of pregnant women. During pregnancy,
cell-free DNA fragmentsthat circul atein mater-
nal plasma are also derived from both maternal
and fetal cell-free DNA fragments. Short frag-
ments consist of about 150-200 base pairswith a
half-life of 4-30 minutes (Kolialexi et al. 2004;
Swanson et d. 2013; Zafari et al. 2016). ThecffD-
NA or fetal fractionsare produced fromfetal tro-
phoblast cells. Fetal fractionsare transferred di-
rectly to maternal circulation via the placenta.
The cffDNA in maternal circulation can be de-
tected at 4-5 weeks of gestation and increase
during pregnancy, to ten percent of total plasma
(Kinningset a. 2015; Hudecovaand Chiu 2017).
The amount of fetal fractions relates to several
factors of pregnant women including gestation
age, weight, smoking status, ethnicity, fetal chro-
mosome abnormalitiesand preeclampsiaduring
pregnancy (Loetal. 1999; Nicolaideset al. 2014,
Kinningset a. 2015; Hudecovaand Chiu 2017).
Shortened half-life cffDNA was completely re-
moved in maternal circulation after birth. NIPT
was offered by researcher for diagnosis fetal
aneuploidies as a primary test to all pregnant
women. Screening of fetal aneuploidies using
cffDNA has been reported by researcherstoin-
cludeapaternally inherited Y chromosome, Pa-
tau syndrome (trisomies 13), Edwards's syn-
drome (trisomies 18) and Down syndrome (tri-
somies 21) (Gil et al. 2015). Monogenic disease
as point mutation was also developed for NIPT
including thalassemia, cystic fibrosis, and con-
genital adrenal hyperplasia (Vermeulen et a.
2017).

Thalassemia

Thalassemia is an inherited disorder of the
globin generesulting in the reduction or absence

of globin chain production. It is the most com-
mon genetic disorder affecting about seven per-
cent of global population. Some 300,000-400,000
infants with severe thalassemia are born each
year. Genetic classification dividesthalassemia
into two major groups as o.-thalassemia and 3-
thalassemia which depend on the extent of the
globin gene defect (Fucharoen and Winicha-
goon 1992; Harteveld and Higgs 2010; Higgs
and Gibbons 2010). Severe thal assemiadiseases
(thalassemiamajor) occur with no production of
Hb A (a2B2 combination) as homozygous o°-
thalassemia (Hb Bart's hydrops fetalis) or ho-
mozygous 3°-thal assemia. Compound heterozy-
gous f°- thalassemia and Hb E (BE; beta globin
gene mutation of codon 26) are also classified
as severe thalassemiadisease (Sanchaisuriya et
al. 2005). The severity of thalassemiamajor leads
to various symptomsincluding death after birth
(Hb Bart’s hydrops fetalis) and severe anemia
which can be either blood transfusion depen-
dent or non-regular blood transfusion depen-
dent. Lawsin several countriesallow the termi-
nation of afetus diagnosed with severe thalas-
semia during prenatal examination (Sanchai-
suriyaet a. 2005; Rosatelli and Saba 2009).

Hb Bart’sHydropsFetalisSyndrome
(SEA Deletion)

Infants with Hb Bart’s hydrops fetalis syn-
drome usually diein utero, or soon after birth.
This genetic defect is caused by a homozygous
state of a’-thalassemia. In Southeast Asia and
Southern China, a’-thalassemia (SEA deletion
type) is the only predominant a-thalassemia.
This defect is caused by deletion of duplicated
aphaglobin genesin cis-elements. Deletion of
this o-thalassemia sequence extends about 20
kb from the 3' end of the 61 gene to a region
close to the third exon of the ¢ gene (Fucha
roen and Winichagoon 1992; Weatherall and
Clegg 2001). The homozygous stateisaserious
public health problem in thisregion. Molecular
techniquesfor defect detection are gap-PCR con-
vention technique and real-time PCR technique
(Fucharoen and Fucharoen 1994; Jomoui et al.
2017). Investigation of severe thalassemia dis-
ease was performed on the parent with acarrier
of a’-thalassemia. Conventional prenatal diag-
nosis of severe thalassemia was conducted by
invasive techniques including chorionic villus
sampling, amniocentesis and cordocentesis (Li
and Yang 2017). However, several researchers
reported screening Hb Bart's hydrops fetalis
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syndrome caused by SEA deletion using NIPT
(Hudecovaand Chiu 2017).

Objective

To estimate the effectiveness of NIPT for
screening Hb Bart’s hydrops fetalis syndrome
(SEA deletion).

METHODOLOGY
Sudy Design

This systematic review was conducted by
multi-university researchersincluding WJ (Sri-
nakharinwirot University), RK (Ubonratchathani
University), and KW (Mahasarakham University).
ThePreferred Reporting Itemsfor Systematic Re-
views and Meta-Analyses (PRISMA) checklist
wasalso utilized (Liberati et d. 2009). A systematic
review approach was conducted as follows:

Definethereview title as, Non-invasive pre-
natal testing (NIPT) for Hb bart’s hydrops feta-
lissyndrome (SEA deletion) using cell-freefetal
DNA inmaternal plasma.

DefinetheReview Obj ectiveand Benefit
Outcomes

cffDNA in maternal plasmacould be used to
diagnose Hb Bart’s hydrops fetalis syndrome
(SEA deletion) and reduce the use of invasive
techniques in prenatal diagnosis.

DefinetheEligibility of the Sudy

Thisstudy focused only cell-freefetal DNA
in maternal plasmafor prenatal diagnosisof Hb
Bart'sHydrops Fetalis Syndrome (SEA deletion).

Search Strategy

Theresearchers used keywordsto search for
related articlesincluding freefetal dnaand thalas-
semiaor maternal plasmadnaand thalassemiaor
non-invasive prenatal and thalassemia. Medical
and medical sciences databases were selected as
main sourcesincluding PubMed, Sciences Direct,
Clinical Key and Biomedical Center.

Exclusion Criteria: ReviewArticle,
Duplicated Articles

All paperswere selected using keywordsand
initially scanned using inclusion criteria based

on title, abstract and keywords contained. WJ
was the first reviewer to scan articles based on
inclusion criteria and rejected articles that did
not comply. Full texts of the selected articles
downloaded for evaluation were evaluated by
RK and KW as second reviewers based on ex-
clusion criteria. If there was disagreement be-
tween the two reviewers, the assessment pro-
cesswas referred to WJ for adecision.

DataCollection

Theresearchersdefined specific dataextract-
edinthisstudy including first author, published
year, place of study, sample size, gestation age
for specimen collection, volume of specimen
collection, nucleic acid extraction method and
detection method.

DataAnalysisand Selection | ssues

Each article wasindependently reviewed by
two researchers (WJand KW). Issueswere clas-
sified after completing the review and datalist-
ed in one summary data table. Any disagree-
mentsresolved by RK.

Interpretation of the results (discussion/
conclusion/recommendation) was performed
using calculation of sensitivity, specificity, false
positive and false negative of each original arti-
cle. Theforest plot with confident intervals for
sensitivity and specificity were done. The sum-
mary receiver operating characteristics (SROC)
curve was operated on overall article for meta-
analysis.

RESULTS
Sudy Characteristics

After searching key words: free fetal DNA
and thalassemia or maternal plasma DNA and
thalassemiaor non-invasive prenatal and thalas-
semia on four data bases, atotal of 343 studies
were selected and reviewed. Elimination of arti-
cle was done using the inclusion and exclusion
criteriarespectively. Eight articleswereinclud-
ed for afull text review. Figure 1 shows aflow
chart of the search strategy of systematic re-
view and meta-analysis. Non-invasive prenatal
testing (NIPT) for Hb Bart’shydropsfetalissyn-
drome (SEA deletion) using cell-freefetal DNA
wasrelated to full text of final eight articles pub-
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Key Words:
(freefetal dnaAND thalassemia) OR
(maternal plasmadnaAND tha ssemia) OR
(noninvasive prenatal AND thal assemia)

w ]

I Typesof database |

PubMed Science Direct Clinical Key Biomedical Center
(N=139) (N=156) (N=36) (N=12)

o ——— -"‘—\—\_\__\__ _____——___
__________\_\_\___ e

"Article selected by key words
(N=343)
Excluded by
WJ Initial screening
(N=330)
Included initial screening
(N=13)
Excluded by
RK, KW exclusioncriteria
(N=5)
W
Secondary screening
(N=8)
WJ, RK, KW
k 3

Final included in this study

(N=8)

Fig. 1. A flow chart of the search strategy of systematic review and meta-analysis in this study

lished between 2006 and 2017. Place of study
involved three countriesincluding four articles
from Thailand, three from China and one from
Singapore (Table1).

Study characteristics of non-invasive pre-
natal testing (N1PT) for Hb Bart’shydropsfeta-
lis syndrome (SEA deletion) using cffDNA of
theeight original papersislistedin Table 1. Ges-
tation age for blood collection ranged between
8 and 31 weeks. Total maternal blood collection
for the studiesamounted to almost 10 ml (5 orig-
inal articles). Most nucleic acid extraction meth-
ods were performed by akit; one study did not
shown the kit for extraction DNA (Pornprasert
et a. 2012). Quantitativerelative using real-time
PCR were performedin five studiesand remain-
ing three using a sequencing analyzer. Predic-
tion or detection methodswere related to detec-

tion of SEA deletion fragment in four studies
and prediction of paternal SNPs/microsatellite
markersin SEA deletion breakpointsin four stud-
ies, two of these using target region capture se-
guencing. In total 321 samples were included
with sample size ranging between 1 and 158.
Calculation of sensitivity, specificity, false
positive and fal se negative of five original arti-
clesisshowninTable 1 (Tungwiwat et al. 2006;
Hoet al. 2010; Pornprasert et al. 2010; Yan et al.
2011; Pornprasert et a. 2012). For theremaining
three articlesthese parameters could not be cal-
culated because —one article had only one sam-
ple and another two articles could not distin-
guish between Hb Bart’s hydrops fetalis syn-
drome and non-diseases (wild typeor trait) (Sir-
ichotiyakul etal. 2012; Geeta.2013; Wang et al.
2017). Sensitivity and specificity of fiveoriginal
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Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% CI)
TungwiwalW2007 2 0 0 11 100[0.16,1.00]  100[0.72,100) —+# —a
Shery SY 2010 218 0 10  100[0.16,1.00] 038[0.19,08 ——4 —&—

Yan TZ 2010 21011 0 33 100[0.84,1000  0.75[0.560,0.87) —a —
Sirichotiyakul S2011 61 20 1 76 088[0.91,100]  0.79[0.70,087) 4 +
Huijuan G 2013 10 0 4  100[0.03,100]  1.00(0.40,1.00)

0020406081 0020408081

Fig. 2. The forest plot shows the variation of different studies with confident intervals for sensitivity

and specificity

articles ranged between 98.4 and hundred per-
cent, and 35.7 and hundred percent, respective-
ly. Two out of the five studies gave hundred
percent for both sensitivity and specificity. False
positive was reported at 20.8 percent, twenty-
five percent and 64.3 percent in three studies
and fal se negative wasreported at 1.6 percent in
one study.

Meta-analysis

Diagnostic of Hb Bart’shydropsfetalissyn-
drome (SEA deletion) using cffDNA in maternal
circulation was analyzed with ninety-five per-
10 =) 3
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Fig. 3. Summary ROC curves with 95% confidence
interval of NIPT for Hb Bart’s hydrops fetalis
syndrome (SEA deletion). A summary curve of the
sensitivity versus specificity of cffDNA for
prediction of NIPT for Hb Bart’s hydrops fetalis
syndrome (SEA deletion); The straight line
represents the sROC curve, the round shape
represents the point of the curve that corresponds
to the average point estimates of sensitivity and
specificity each study and the size of shape depend
on sample size, the dark dot represents the
summary operating point, the dashed line
represents the 95% confidence area in which a
new relevant study will be located

cent confident intervals (95% Cl's) for sensitivi-
ty and specificity and created as a forest plot.
The forest plot shows the variation of different
studies with confident intervals for sensitivity
and specificity that were used for meta- analy-
sis. The summary receiver operating character-
istics (SROC) curve was doneusing five articles
for meta-analysis. The display showsthe sensi-
tivity and specificity of each study with differ-
ent sized symbolsrepresenting different sample
sizes. All analyses were performed using the
Review Manager 5.3 program. Figure 2 and 3
show the statistical analyses of the diagnosis
meta-analysis of Hb Bart’s hydrops fetalis syn-
drome (SEA deletion) using cffDNA in maternal
circulation. The combined five studies (a total
of 271 samples) represented sensitivity at nine-
ty-nine percent (95% Cl's: 94-100%) and speci-
ficity at seventy-three percent (95% Cls: 66-
79%) (Z-vdue=6.338; p-value=0.000). ThesROC
curve shows aninety-five percent confident area
regarding the non-invasive prenatal diagnosis
of Hb Bart’shydropsfetalis syndrome (SEA de-
letion) using cffDNA in maternal circulation.

DISCUSSION

The challenge of non-invasive prenatal di-
agnosis involves overcoming invasive tech-
niques in the field of hemoglobinopathy (Chiu
etal. 2002). Useof cffDNA isoneavailablechoice
in maternal circulation. The conceptual study
mainly has focused on prediction or detection
of paternal aleleinacouplewho were carriers of
different mutations (Hudecovaand Chiu 2017).
Thalassemia majorsincluding homozygous o°-
thalassemia, homozygous [3°- thalassemia and
compound heterozygous [3°- thalassemia/Hb E
were focused for prenatal diagnosis in South-
east Asia and Southern China (Fucharoen and
Winichagoon 1992; Sanchaisuriyaet al. 2005). A
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systematic review and meta- analysis of beta
thalassemiamajor indicated that sensitivity and
specificity of NIPT were ninety-nine (95% Cls:
69-100%) and ninety-nine (95% Cls: 89-100%)
percent, respectively (Zafari et a. 2016). Detec-
tion of paternal mutant allele using cffDNA was
highly accurate in beta thalassemia major (Za-
fari et al. 2016; Hudecovaand Chiu 2017). How-
ever, homozygous o’-thalassemia was mostly
caused by deletion in contrast with beta thalas-
semia. The NIPT base of homozygous o’-thal as-
semiawas investigated to detect SEA fragment
using quantitative PCR to distinguish each gen-
otype. Other proposes focused on informative
paternal SNPs or microsatellitesin non-deleted
paternal allele (Hudecovaand Chiu 2017).
Table 1 shows the gestation age of NIPT at
between 8 and 31 weeks. However, cffDNA in
maternal circulation was reported that detect-
able at 4-5 weeks of gestation age (Hill et al.
2012). Early detection in prenatal diagnosis of
severe disease is beneficia for the patient to
choose termination in severe cases. Late abor-
tion presentsgreater physical and emotional risks
to pregnant women (Govender et al. 2015). Ho-
mozygous o’-thalassemia (SEA deletion) ispre-
dominant in Southeast Asia and Southern Chi-
na and the studies of NIPT are also reported in
Thailand, Singapore, and China (Fucharoen and
Winichagoon 1992; Tungwiwat et a. 2006). Spec-
imen collection for NIPT was recommended at
20 ml of maternal blood and cffDNA concentra-
tion amount at about 50-700 genome-equivalents
for accurate NIPT analysis (Zafari etal. 2016). In
this review, specimen collection was collected
about 10 ml. All studiesused commercial kit ex-
traction methods appropriate for the concentra-
tion of cffDNA with no reports concerning prob-
lem specimens. In this review, two conceptual
majors of NIPT in homozygous a’-thal assemia
(SEA deletion) were quantitative detection of
SEA deletion fragmentsrel ated to the real-time
PCR method and informative SNPs or mi crosat-
ellites of non-deleted paternal alelesrelated to
seguencing analysis. Detection of SEA deletion
using quantitative PCR showed higher sensitiv-
ity and specificity than detection of informative
paternal alleles. However, quantitative PCR de-
pended on the quantity of SEA deletion frag-
ment and may result in misdiagnosisin the case
of low concentration cffDNA. The use of NIPT
in prenatal diagnosis should be screen tested
beforeinvestigation by invasive or convention-

a methods. The use of informative paternal alle-
les could rule out non severe disease by detec-
tion of normal paternal allelesin maternal circu-
lation. Using this method could eliminate cases
before invasive testing by about fifty percent
with increased accuracy and confidence in the
results (Zafari et al. 2016; Hudecova and Chiu
2017).

Thedetection of cffDNA in materna circula-
tionfor NIPT usesdifferent methods. Allele spe-
cific real-time PCR is preferred in beta thalas-
semiamutation (Zafari et al. 2016). In contrast,
SEA detection cannot use allele specific real time
PCR; however, gap real-time qPCR could be avail -
ablein deletion cases. The current approach rec-
ommends next-generation sequencing that the
RHOD analysis could be used for multiple ge-
nomic regions with no need to optimize condi-
tions. To decrease cost of sequencingin RHOD
methods, target region capture sequencing is
preferred (Lamet a. 2012; New et al. 2014).Here,
two studies using target region capture sequenc-
ing represent hundred percent concordance of
prenatal diagnosis of homozygous o-thalas-
semia (SEA deletion) (Pornprasert et al. 2012;
Wang et al. 2017).

Meta-analysis shows diagnosis results for
fivearticles concerning Hb Bart’s hydropsfeta-
lis syndrome (SEA deletion) using cffDNA in
maternal circulation. Thecalculation of Z testin
meta- analysisis 6.338 (p-value = 0.000) which
represent the significant of the result of meta-
analysis. Sensitivity of ninety-nine percent (95%
Cls. 94-100%) gave similar results of systematic
review to NIPT for betathal assemiamajor (99%
(95% Cls: 96-100%)). In contrast, the specificity
inthisreview (73% (95% Cls: 66-79%)) waslower
than systematic review of NIPT for betathalas-
semiamajor (99% (95% Cl's. 89-100%)) (Zafari et
al. 2016). A systematic review of NIPT for thalas-
semiamgjor, both a-thalassemiaand fB-thalassemia
represents method of cffDNA detection and
should be appliedintheinitial prenatal diagnosis
before the adoption of invasivetechniques. These
methods could resolvefifty percent of casesthat
continue to the invasive process.

CONCLUSION

TheNIPT for Hb Bart’s hydrops fetalis syn-
drome (SEA deletion) is highly accurate. Two
major detection methods are quantitative of de-
tection SEA deletion fragments and use of infor-
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mative SNPs or microsatellite of non-deleted
paternal alele.

RECOMMENDATIONS

NIPT methods should be appliedintheinitial
step before the adoption of invasive techniques.
These methods could eliminate severe cases
about fifty percent of the total cases. Neverthe-
less, more studies are required for systematic re-
view into efficient, precise, and reliable methods.

ACKNOWLEDGEMENTS

The researchers thank Mr. Peter Humphrey
Chargewhoisanative speaker for hel pful com-
ments on the manuscript.

REFERENCES

Chiu EKL, Hui WWI, Chiu RWK 2018. cfDNA screen-
ing and diagnosis of monogenic disorders - where are
we heading? Prenat Diagn, 38: 52-58.

Chiu RW, Lau TK, Leung TN, Chow KC, Chui DH et al.
2002. Prenatal exclusion of beta thalassaemia ma-
jor by examination of maternal plasma. Lancet, 360:
998-1000.

Fucharoen G, Fucharoen S 1994. Rapid and simulta-
neous non-radioactive method for detecting alpha-
thalassemia 1 (SEA type) and Hb constant spring
genes. Eur J Haematol, 53(3): 186-187.

Fucharoen S, Winichagoon P 1992. Thalassemia in
Southeast Asia: Problem and strategy for preven-
tion and control. SE Asian J Trop Med, 23: 647-
655.

Ge H, Huang X, Li X, Chen S, Zheng J et a. 2013. Non-
invasive prenatal detection for pathogenic CNVs:
The application in alpha-thalassemia. PLoS One, 8:
e67464.

Gil MM, Quezada MS, Revello R, Akolekar R, Nico-
laides KH 2015. Analysis of cell-free DNA in mater-
nal blood in screening for fetal aneuploidies: Updat-
ed meta-analysis. Ultrasound Obstet Gynecol, 45:
249-266.

Govender L, Ndjapa-Ndamkou C, Aldous C, Moodley J
2015. A pilot study of women's experiences after
being offered late termination of pregnancy for se-
vere fetal anomaly. Niger J Clin Pract, 18(Suppl):
S71-S76.

Harteveld CL, Higgs DR 2010. Alpha-thalassaemia.
Orphanet J Rare Dis, 5: 13.

Higgs DR, Gibbons RJ 2010. The molecular basis of
alpha-thalassemia: A model for understanding hu-
man molecular genetics. Hematol Oncol Clin North
Am, 24(6): 1033-1054.

Hill M, Barrett AN, White H, Chitty LS 2012. Uses of
cell free fetal DNA in maternal circulation. Best Pract
Res Clin Obstet Gynaecol, 26: 639-654.

Ho SS, Chong SS, Koay ES, Ponnusamy S, Chiu L et al.
2010. Non-invasive prenatal exclusion of haemo-

globin Bart’s using foetal DNA from maternal plas-
ma. Prenat Diagn, 30: 65-73.

Hudecova |, Chiu RW 2017. Non-invasive prenatal
diagnosis of thalassemia as using maternal plasma
cell free DNA. Best Pract Res Clin Obstet Gynaecol,
39: 63-73.

Jomoui W, Fucharoen G, Sanchaisuriya K, Charoen-
wijitkul P, Maneesarn J et a. 2017. Genetic origin of
alpha(0)-thalassemia (SEA deletion) in Southeast
Asian populations and application to accurate pre-
natal diagnosis of Hb Bart’s hydrops fetalis syndrome.
J Hum Genet, 62: 747-754.

Kinnings SL, Geis JA, Almasri E, Wang H, Guan X et al.
2015. Factors affecting levels of circulating cell-
free fetal DNA in maternal plasma and their impli-
cations for non-invasive prenatal testing. Prenat
Diagn, 35: 816-822.

Kolialexi A, Tsangaris GT, Antsaklis A, Mavroua A
2004. Rapid clearance of fetal cells from maternal
circulation after delivery. Ann N Y Acad Sci, 1022:
113-118.

Lam KW, Jiang P, Liao GJ, Chan KC, Leung TY et al.
2012. Non-invasive prenatal diagnosis of monogen-
ic diseases by targeted massively parallel sequencing
of maternal plasma: Application to beta-thalassemia.
Clin Chem, 58: 1467-1475.

Li DZ, Yang YD 2017. Invasive prenatal diagnosis of
fetal thalassemia. Best Pract Res Clin Obstet Gynae-
col, 39: 41-52.

Liao C, Zhou JY, Xie XM, Li R, Li DZ 2012. Cord
blood analysis for rapid prenatal confirmation of Hb
Bart's disease using the Sebia capillary electrophore-
sis system. Hemoglobin, 36: 186-191.

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche
PC et al. 2009. The PRISMA statement for report-
ing systematic reviews and meta-analyses of studies
that evaluate health care interventions: Explana-
tion and elaboration. J Clin Epidemiol, 62: el-e34.

Lo YM, Corbetta N, Chamberlain PF, Rai V, Sargent IL
et al. 1997. Presence of fetal DNA in maternal plas-
ma and serum. Lancet, 350: 485-487.

Lo YM, Leung TN, Tein MS, Sargent IL, Zhang J et al.
1999. Quantitative abnormalities of fetal DNA in ma-
ternal serum in preeclampsia. Clin Chem, 45: 184-
188.

New MI, Tong YK, Yuen T, Jiang P, Pina C et al. 2014.
Noninvasive prenatal diagnosis of congenital adre-
nal hyperplasia using cell-free fetal DNA in mater-
nal plasma. J Clin Endocrinol Metab, 99: E1022-
E1030.

Nicolaides KH, Syngelaki A, del Mar Gil M, Quezada
MS, Zinevich Y 2014. Prenatal detection of fetal
triploidy from cell-free DNA testing in maternal
blood. Fetal Diagn Ther, 35: 212-217.

Pornprasert S, Sukunthamala K, Kunyanone N, Sit-
tiprasert S, Thungkham K et al. 2010. Analysis of
real-time PCR cycle threshold of apha-thalassemia-
1 Southeast Asian type deletion using fetal cell-free
DNA in maternal plasma for noninvasive prenatal
diagnosis of Bart's hydrops fetalis. J Med Assoc Thai,
93: 1243-1248.

Pornprasert S, Sukunthamala K, Kunyanone N, Sit-
tiprasert S, Thungkham K et al. 2012. Semi-nested
Tagman real-time quantitative PCR for noninvasive



300 WITTAYA JOMOUI, KASAMA WONGPRACHUM AND ROSSARIN KARNPEAN

prenatal diagnosis of Bart’'s hydrops fetalis. J Med
Assoc Thai, 95: 6-9.

Rosatelli MC, Saba L 2009. Prenatal diagnosis of beta-
thalassemias and hemoglobinopathies. Mediterr J
Hematol Infect Dis, 1: €2009011.

Sanchaisuriya K, Fucharoen S, Fucharoen G, Ratanasiri
T, Sanchaisuriya P et al. 2005. A reliable screening
protocol for thalassemia and hemoglobinopathies in
pregnancy: An aternative approach to electronic blood
cell counting. Am J Clin Pathol, 123(1): 113-118.

Simpson JL 2012. Invasive procedures for prenatal
diagnosis: Any future left? Best Pract Res Clin Ob-
stet Gynaecol, 26: 625-638.

Sirichotiyakul S, Charoenkwan P, Sanguansermsri T
2012. Prenatal diagnosis of homozygous alpha-
thalassemia-1 by cell-free fetal DNA in maternal
plasma. Prenat Diagn, 32: 45-49.

Skrzypek H, Hui L 2017. Noninvasive prenatal testing
for fetal aneuploidy and single gene disorders. Best
Pract Res Clin Obstet Gynaecol, 42: 26-38.

Srivorakun H, Fucharoen G, Sae-Ung N, Sanchaisuriya
K, Ratanasiri T et al. 2009. Analysis of fetal blood
using capillary electrophoresis system: A simple
method for prenatal diagnosis of severe thalassemia
diseases. Eur J Haematol, 83: 57-65.

Swanson A, Sehnert AJ, Bhatt S 2013. Non-invasive
prenatal testing: Technologies, clinical assays and
implementation strategies for women’s healthcare
practitioners. Curr Genet Med Rep, 1: 113-121.

Tungwiwat W, Fucharoen G, Fucharoen S, Ratanasiri T,
Sanchaisuriya K et al. 2007. Application of mater-
nal plasma DNA analysis for non-invasive prenatal

diagnosis of Hb E-beta-thalassemia. Transl Res, 150:
319-325.

Tungwiwat W, Fucharoen S, Fucharoen G Ratanasiri T,
Sanchaisuriya K 2006. Development and applica-
tion of a real-time quantitative PCR for prenatal
detection of fetal alpha(0)-thalassemia from mater-
nal plasma. Ann N Y Acad Sci, 1075: 103-107.

Vermeulen C, Geeven G, de Wit E, Verstegen M, Jansen
RPM et al. 2017. Sensitive monogenic noninvasive
prenatal diagnosis by targeted haplotyping. Am J
Hum Genet, 101: 326-339.

Wang W, Yuan Y, Zheng H, Wang Y, Zeng D et al.
2017. A pilot study of non-invasive prenatal diag-
nosis of alpha- and beta-thalassemia with target cap-
ture sequencing of cell-free fetal DNA in maternal
blood. Genet Test Mol Biomarkers, 21: 433-439.

Weatherall DJ, Clegg JB 2001. The Thalassemia Syn-
dromes. 4" Edition. Oxford: Blackwell.

Wieacker P, Steinhard J 2010. The prenatal diagnosis
of genetic diseases. Dtsch Arztebl Int, 107: 857-862.

Yan TZ, Mo QH, Cai R, Chen X, Zhang CM et al.
2011. Reliable detection of paternal SNPs within
deletion breakpoints for non-invasive prenatal ex-
clusion of homozygous alpha-thalassemia in mater-
nal plasma. PLoS One, 6: e24779.

Zafari M, Kosaryan M, Gill P, Alipour A, Shiran M et
al. 2016. Non-invasive prenatal diagnosis of beta-
thalassemia by detection of the cell-free fetal DNA
in maternal circulation: A systematic review and meta-
analysis. Ann Hematol, 95: 1341-1350.

Paper received for publication on June 2018
Paper accepted for publication on November 2018



