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Abstract 
Antenatal diagnosis for homozygous a"-thalassaemia (Bart's hydrops foetalis) is currently carried out by 

DNA amplification of two sequences along the a-gene complex-a 136 bp 'lfO.-CX2-globin gene sequence and 

a 660 bp __ sFAdcletion-spccific fragment. The fatal condition Bart's. hydrops foetahs with a 20 kb deletion of 
both a-genes does not amplify the 136 bp normal \j/CX-o.2-globrn gene sequence but amplifies only the 660 bp 

--'"''fragment. lndividuals who are CX0-thalassaemia-carriers (o:o:/ •. s, �) amplify both the 136 bp and 660 bp 
fragments. whereas nonnal md1viduals (o:a/ao.) only produce the 136 bp fragment.. We retrospectively 
reviewed the results of antenatal screening for a-thalassaemia in the University of Malaya Medical CentTe, 

over a four-year period from October 1996 October 2000. Antenatal diagnosis was carried out using foetal 

blood and chorionie villi (CV) samples. A total of95 pregnancies from 77 Chinese families at risk for Bart's 

hydrops foctalis were screened. Oflhese 95 antenatal diagnoses, 16.8 % did not carry the __ sEA deletion. 35.8 

% were a-thalassaemia carriers with t.he SEA deletion ( _sL"f) and 47.4 % were diagnosed with Brui 's hydrops 

foetal is (--si.,, / .. sLA). In addition, foetuses in 23.2 % (22/95) of the pregnancies already showed hydropic 
features when referred for antenatal diagnosis, and 95.5 % (2 l /22) oflhese pregnancies were con tinned to be 
Bart's hydrops foetal is. Antenatal diagnosis using CV samples increased from 33.3% (5/15) in 1997 to 88.9 

% (24/27) in 2000 while diagnosis using foetal blood decreased dramatically over the same period. Antenatal 

diagnosis using CV DNA is encouraged as CY sampling is carried out at 10 weeks gestation and tcnnination 
of a pregnancy at this stage is safer and less traumatic for the mother. DNA amphfication of the L,36 bp 

'1'«-a2-globin gene region together with amplification of the 660bp --�'" fragment offers a rapid, specific and 

affordable conJim1atory test in the antenatal diagnosis of Bart's hydrops foetal is in Malaysia. 
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Introduction 
Thalassaemia is a genetic blood disorder of haemoglobin 

synthesis and one ofthe most common inherited disorders 

in the world ( Weatherall, 1983 ). Alpha-thalassaemia is 

caused by deletion or mutations within the o.-globin gene 

complex, leading 10 decrease or absence ora-globm chain 

production (Higgs er al., 1989). Nom,al individuals have 

four a-genes; cx-lha lassaemia is due to the deletion of either 

one (O. -thalassaemia) or both (o.0-thalassaemia) a-genes. 

l11e mcidence ofo:-U1alassaemia carriers among the Malays 

and Chinese in Malaysia is approximately 3-4 %. This could 

however be an w,derestimate as o:-thalassacmia-2 (-Cl/a.o:) 
is often difficult to detect clinically and hacmatolog1cally, 
and a -thalassaemia-1 (aa/--) 1s asymptomatic. In spite of 

the equal distribution ofcx-thalassaemia in the Malays and 

Chinese, Ba11's hydrops foetal is is seldom encountered in 

the Malays. Malays are usually o: -thalassaemta carriers 

with a single o.-globin gene deletion (-o:/-o:; o: a / -cx) and 

therefore arc at a lower risk for a Bart's hydrops foetalis 
child (Wong, 1984). Bart's hydrops foetalis due to the 

deletion of all four o:-genes ( --\I ·'/.YA) is common in 

Malaysian-Chinese as 4.5 % oflhis ethnic group are carriers 
of the o.0-thalassaemia gene ( ao.1-sr �) (George. 1998). 

Bart's hydrops foetal is is common in Southeast Asia 
(Wong, 1985) and it is responsible for 60-90 % of Bart's 

hydrops foetalis cases in this region (Chui el al., 1998). 
The estimated frequency of a-thalassaemia carriers in 

Southeast Asia is approxhnately 3-5 % (Todd et al., 1969) 

and the Southeast Asian deletion ( •. s'") is the most 

common type or deletion involved (Ko et al., 1991 ). 

The _s�, deletion of20 kb along the a-globin gene involves 

the deletion of the \j/CX2-, \j/a 1-. o.2-, o:l-and 01-genes 

leaving only the /;,-genes intact (Fig. I) (Bowden et al., 1992; 
Kattamis et al., 1996). 
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Figure. I. Southeast Asian dclet1oa. Genes arc represented as solid boxes, pscudogencs as dotted 
boxes and hypervanable regions as zig;:ag I incs. The a:-globin gene clu,ter on chromo,omc 16 arranged 
m order telomere - �2. 'VS I, 1jlcx2, 1j/CX I, cx2, a I. and 61 centromcrc. The Southeast As10n defect 
( __ SF.A) of20 kb deletes the ljla:2, 1j/CX I. c:t.2. ex I. and 8 I glob in genes and spares the s2. ljls I -globm 
genes. 

Antenatal diagnosis for Bart's hydrops foetalis caused 
by the __ sf.A deletion can be carried out by DNA 
amplificatton across the ex-gene complex. Detection of the 
nonnal ex -gene sequence mvolves the amplificat1on of a 
136 bp sequence containmg the cx2-genc. Usmg primers 
complementary to sequences on either ends of the __ sE" 

deletion. a DNA fragment of 660 bp is amplified in 
chromosomes carrying the __ si \ dcle11on (Tan et al, 1995). 
ln chromosomes where the --stA deletion is absent, DNA 
amplification docs not take place and the 660 bp fragment 
is not observed. 

Antenatal diagnosis for cx-thalassaemia was 
established in the Department of Allied Health Sciences. 
Umversit) Malaya Medical Centre (UMMC) in 1996. In 
this paper we review the results of antenatal screening for 
ex-thalassaemia over a four-year period from October 1996 

October 2000. 

Materials and Methods 
Family history 
Seventy-seven couples at risk of producing a child with 
Bart"s hydrops foetalis received genetic counselling. 
Antenatal d1agnost1c samples (CV or foetal blood) were 
obtained from nine hospttals in Malaysia, namely the 

_ University Malaya Medical Ccnlrc (58), Gleneagles Jntan 
Medical Centre ( I 3), Megah Medical Specialists Group Sdn 
Bhd ( 11 ), Damansara Specialist Hospital (5). Dr 1-oo Kok 
Cheng. Ipoh (3), Seremban General Hospital (2), Subang 
Jaya Medical Centre (I). Kuala Lumpur General I lospital 
(I) and Sunway Medical Centre (I). l-1fty-two percent 
(4077) of the mother., had a history ofone to three previous 
hydrop1c pregnancies. All seventy-seven couples were 
confinned u-thalassaemia earners with the --'1 A deletion. 

Chorionic i·illi rnmpling and DV I preparation 
Chonon1c villi samples were obtained at around I 0-12 
weeks of gestation by the transabdominal approach 

under ultrasound guidance. The CV were cxamine<l 
1111croscop1call} to exclude maternal contammation. The 
CV were washed several times in phys1ological saline and 
digested m solution containing I 0mmol/L Tris-I I Cl. 
lmmol,L EDTA. 0.ISmol,l f\aCI, l0°1

0 sodium dodccyl 
sulphate and I0µL of 10mg. ml proteinase K at 37 (. 
overnight. DNA \',,US punfied by phenol and then 
prec1p1tated 111 3mol1L sodium acetate and 2 volumes 
ethanol. Aqueous 01'. A was washed 10 alcohol, dried 
and then solubilizcd in double distilled water. 
DNA concentration and purity was measured 
spectrophotometncally. 

Foetal blood sampling and DN4 preparation 
Foetal blood samph!s were obtamcd between 20-14 weeks 
of gesta11on by cordoccntesis under ullrasound guidance. 
Foetal blood samples were 1o,tained using the Kh::ihacuer 
test to check for maternal blood contaminution (Dacie & 
Lev.is, 1994). O1\A from foetal blood samples was extracted 
using proteinase K and sodium dodccyl sulphate. Extracted 
DNA was pun tied by phenol and precip1tah:d with ethanol. 

DVA amplification of the \j/(1.-CJ.2-globin gene wquence 
The 136 bp sequence between the ljlCL-ex2-globm genes 
was amplified usmg the pruners 5 " -TAC TGT AGA JAC 
CCG TGT ACAA-3' and 5"-ATC '\TG ,\lG C,AAACA 
TAG TAA T .3· in a modified protocol described by 
Chebab et al. ( 1987). DNA ampldicatwn was performed 
using enzyme Taq polymerase (2.5 Umts, G1bco BRl L, fc 
Technologies. USA), 15 pmol of each primer. lµmg DNA 
and 200 µM of each deoxynucleot1de triphosphatcs The 
PCR mixture was amplified for 30 cycles w11h denaturat,on 
at 93 C for 30 seconds. annealing at 50

°
C lc.>r 30 :m:onds 

and extension at 63cc for 45 seconds. 

DV I ampl!fication of the 660 hp __ su delction-spcciflc 
.fragment 
Amp!Jficat1on or the 660 bp --'' A fragment was performed 
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using a second pair of oligonucleotide primers with 
sequences 5 ' -CTC TGT GTT CTC AGT ATT GGA G -3 '  
and 5'-ATA TAT GOG TCT GOA AGT GTA TC -3' 
(Proudfoot et al., 1982). DNA amplification using 20 pmol 
primers was carTicd out for 30 cycles at 93°C for l minute. 
60°C for I minute and 72°C for 1 .5  minutes. 

Gel electrophoresis of PCR products 
Amplified PCR products ( 1 5  µI) were resolved by 
electrophoresis on a 1 . 5  % agarose gel. Electrophoresis 
was carried out at 90 V for 45 minutes. DNA bands were 
observed under ultraviolet light irradiation after cthidium 
bromide staining. 

Results 

A total of 95 antenatal diagnoses were carried out on 77 
couples at risk of having a Bart's hydrops foctalis child. 
All  77 couples belonged to the Chrnese ethnic group and 
were con finned carriers of the •• si \ deletion by molecular 
analysis. or these 95 cases, 77 (8 1 . 1  %) couples were 
first-timers f'or antenatal diagnosis. 1 5  ( 15.8 %) couples 
were second-timers for antenatal diagnosis and 3 (3.2 %) 
couples were referred for third-lime antenatal diagnosis. 
The majority of the CV and foetal blood samples for 
antenatal diagnosis were from the UMMC ( 6 1 . 1  % ) followed 
by Glcneagles lntan Medical Centre ( 13.7 %) and Megah 
Medical Specialist Group ( l l .6 %). 

A111pfijlcatio11 of 1he f 36 hp o.2-ge11e and the 660 hp .: iu 
defe1io11-specific fragmem 
The 136 bp al-gene was amplified as a distinct band in 
normal and o.-thalassaemia carriers and not in Bart's 
hyurops foetahs cases ( Fig 2). The 660 bp __ si � deletion­
specific fragment was amplified in Bart's hydrops foetal is 
cases and in o. -thalassaemia carriers ( Fig 3 ). Optimisation 
of PCR conditions in tcnns of testing out different annealing 
temperatures. MgCl, and DMSO conccimations was canied 
out to prevent amplification of non-specific band:,. 
In addition, the PCR reaction volumes were reduced from 
50 µI to 25 µI in order to minimize consumables and allow 
cheaper antenatal diagnostic tests. 

[n the total of95 antenatal diagnosis, 16.8% ( 16/95) of 
the foetuses did not carry the __ q I deletion, 35.8°10 (34195) 
ofthc foetuses were o.0-thalassaemia carriers as their DNA 
amplified both the I 36 bp and 660 bp sequences. Bart's 
hydrops foetalis was detected in 47.4% (45/95) of the 
foetuses where only the __ s�� delet1on-spccilic fragment 
was amplified. 
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Clwrionic 1·il/i samples versus hfood samples 
Of the 95 antenatal cases, 64 (67.4 %) were CV samples 
obtained at I 0-l  2 weeks gestation. Foetal blood samples 
were obtained from 3 1  (32.6 %) cases and sampling was 
usually carried out between I 8-34 weeks gestation. 
Antenatal diagnosis using CV samples increased steadily 
rrom l 996-2000 with 33.3 % (5/ 15) in 1997, 54.5 % (12/22) in 
1998, 73.3 % (22/30) in 1999 to 88.9 % (24/27) in 2000 (Fig. 
4 ). Foetal blood samples decreased during the same period 
from 66. 7 % ( I 0/15) in 1997 to 1.1 % (3/27) in 2000 (Fig. 4). 

2 3 4 5 6 hp 

100 - - 136 

Figure 2. Agarosc gel electrophoresis of amplified DNA after 
amp Ii fication of the 'V<Hi2-globin genes. Lane I :  I 00 bp ladder; 
lane 2 and J ( foetal DNA)' no amplification ofU1e 'l'O'.-o.2-globin 
gcnc (Bart ·s hydrops foetal is): lane 4: negative control (no DNA 
added); lane 5 and 6 (DNA from patient and husband): 
amplification of the 'l'O.-o.2-globin genes ( 136 bp). 

2 0 0 -

1 0 0 -

2 3 4 5 6 bp 

- 6 60 

Figure 3. Agarose gel elcctrophores1s of amplified DNA after 
amplification oflhe 660 bp -'· Addction-spccific fragment. Lane 
I: I 00 bp ladder; lane 2 and 3 (foetal DNA): amplification of the 
660 bp --'f' fra1,'lTlc11t (Bart\ hydrops foetalis): lane 4: negative 
control (no DNA added); lane 5 and 6 (DNA or patient and 
husband): amplification of the 660 bp -"' fragment (660 bp). 
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Figure . 4. !',;umber of chorionic villi and foetal blood samples �cnt tu U�1.\1C for antenatal diagnosis, 1996-2000. 

Discussion 
In Malaysrn. Bart's hydrops foetahs is common due to the 
high frequency of cx0-thalassacmia trait (cxcx/--sr \) in the 
Chinese (Ko et al .. 1991 ). fhe percentage of  foetuses 
diagnosed with Bart's hydrops foetalis in our antenatal 
screening was found to be relatively high at 4 7.4% ( 45/95 
cases). This high percentage can be attnbuted to the fact 
that 2 1  of the 95 antenatal diagnosis cases performed 
(22.1 %) were from pregnancies where the foetuses already 
showed hydrop1c features and were later confirmed to be 
Bart ·s hydrops foetahs by molecular analysis. Foetal blood 
samples sent to our laboratory for antenatal diagnosis were 
usually obtained from pregnancies where the parents were 
unaware that they were cx0-thalassaemia carriers. The 
gynaecologist only became aware of their ex-carrier status 
when ultrasound scans showed the foetus to be hydropic 
or when the mother developed anaemia during the course 
of her pregnancy Blood samples from the parents \\ere 
then immediately sent to our laboratory for confinnat1on 
of the __ su deletion in the parents Our laboratory earned 
out 3 1  antenatal diagnoses from foetal blood obta111cd 
between 20-3-1 weeks of gestation. As more gynaecologists 
and families became aware of o.-thalassaemia as a common 
genetic disorder m the Cluncse and the availability of 
antenatal diagnosis using CV samples at IO weeks 
gestation. the percentage of foetal blood samples 
decreased dramat1cally from 66. 7% ( I 0/15) m 1997 to 

1 1  I %  (3/27) in '.WOO (Fig 4). The use of foetal blood for 
antenatal diagnosis 1s not encouraged as it allows 
termination of an affected pregnanc)' at a very late 
gestational age that 1s both traumatic and dangerous to 
the mother. 

The mercasc mthe number of CV samples from 31.3 % 
(5 I S )m 1997to 88.9°o(24 27)111 2000 (F1g.-l) ind1cated 
that more couples at risk for Bart's hydrops foetalis 
requested for antenatal diagnosis at an earlier stage of 
pregnancy ( I 0-12 \\Ceks gcstation) The dramatic increase 
m antenatal drngnos1s using C. V samples was not only duc 
to mcrcased in awareness of cx-thalassaemia but also due 
to the awareness of the availability of antenatal diagnosis 
in UMMC. In addition. more gynaecologists m both the 
go\crnment and private hospitals had also with time 
become skilled at perforn1ing CV ,amphng and \\ erc able 
to send CV samples for antenatal diagnosis. 

DNA ,1mphfica11on or both the 136 bp \jfcx-cx2-globin 
gene sequl!nce and the 660 bp __ sr A delction-speci fie 
sequence was carried out m 25 µl reactions tm,tead of50 µI 
renctions The reduction in PCR reaction volumes allowed 
for cheaper diagnostic tests as less consumables in 
pnrticular Taq polymcrase were required. In addition. 
obscn at ion or amplified products camcd out by 
electrophoresis in 1.5 % agarose produced disllnct bands 
and did nol rcquire the more expcnsive NuS1cvc-ScaKe111 
agarose for belier rcsolution. 



Antenatal diagnosis of o.' -thalassaemia by DNA 
amplification of the 136 bp \jto.-cx2-globin gene fragment 
allows rapid analysis of Df\A from chorionic villi at I 0 
weeks gestation. The technique accuratcly detects the 4 
a-gene deletion responsible for Bart's hydrops foctahs in 
Southcas1 Asia since Bart's hydrops foetalis with the 
complete deletion ofall 4 o.-genes will not amplify the 136 

bp sequence. Df\A amplification of the _s1:, D"IA fragment 
can be used as a confirmatory test in the antenatal 
diagnosis of cx0-thalassncmia in families who carry the 
--'

1 deletion smce cx"-thalassaemia in Malaysia is mainly 
due to the Southeast Asian type. A I OO°'o correlation in 
results was obtained between DNA amplification of the 
I 36 bp 'l'a-a'.! globin gene region and the 660 bp \jlal-01 
region D\iA from the 45 Bart's hydrops foetusC!> that did 
not amplify the 136 bp 'lfCX-a2 globin gene region. amplified 
instead the 660 bp __ si" DNA fragment. 

A pregnancy with Bart's hydrops foetal is otlen results 
in premature labour. In addition to foetnl loss, the mother 
is at risk for toxaemia, she has a 50 °,u risk of hypertension 
and a IO 0,o nsk of congestive maternal heart failure. 
Antenatal d1agnos1s should be available to fam1hcs at risk 
for Ban"s hydrops foctnlis at IO weeks gestation usmg 
chorion1c villi. DNA nmplification of the I 36 bp \jlcx-o.2-
globin-gcnc fragment together with amplification of the 
660 bp - • deletion-specific fragment serves as a rapid 
and cost ..:ffcctivc confirmatory test m the antenatal 
diagnosis ofa-1halassaemia in Malaysia. 
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