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919 1 ugee Osmotic fragility test (OF), HbA_Tugafinasenfiiiasasiigniulan HbE B thes

semia Wazdaduras HoE Tuildamidulse HoE [3"-thalassemia #1381 chromatogram 1% HoF iU HbE

Couples dia/snaen OF (%) A2, E (%) Fetus (ages) (wk)  E% in fetus

1. 3o 462 234 18 11
e 428 6.4

2. 3o 343 215 20 11
e 29.8 5.7

3. 3o 59.4 25.0 18 12
e 244 6.2

4, 3o 28.9 53 20 14
e 487 19.0

5. 3o 241 54 20 12
e 69.7 246

6. 3o 25.3 6.1 21 16
e 35.4 23.2

7. 3o 188 21.0 20 1.3
e 25.8 55

8. 3o 307 5.1 19 17
e 75.0 243

9. 3o 432 6.8 22 18
e 394 28.1

10. 3o 162 76 19 1.3
e 28.3 25.4

11. 3N 42.2 80.0 20 1.3
e 21.9 7.9

12. 3N 335 6.8 18 14
e 61.0 24.0

13. 3N 333 55 18 1.3
e 58.3 206

M9197 2 Waaeilnga chromatogram 7ildnmsenehiienvesildaidesaviulen HoE B -thaes

semia ¢&A3 automated HPLC

Hb typing Type of thalassemia Cases %
FA Normal + [3-thal trait 282 45.26
FAEFA>E Hb E trait 186 29.86
FA<E Hb E [3"<thal 3 048
FE Hb E [3"thal 151 24.24
Homo. HbE* 1 0.16
Total cases 623 100.00

*Homozygous HbE
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Ms3AeNTiaYas B-thalassemia mutation
GL%%% Automated Fluorescence DNA Se-
quencing technique AMIUsenavMmemMBhiRan
Weisanarauune1 DNA ¢eit chelex extraction
DNA 71lgtilaisnSanas beta globin gene 13104
Exon I, I 4a¢ Exon III #2835 PCR technique
beta-globin gene 13K Exon I, 1T ey Exon III
ﬁi@’?ﬂwﬂﬂﬁﬂﬁﬁqﬁ% AMIWUAd QIA quick spin
column (Qiagen GmbH, Hilden, Germany) 210
fusialUm beta thalassemia mutation Logsin
Asymetric PCR ﬁumﬁmwmu‘%ﬁw ABI PRISM
Dye Terminator Cycle Sequencing Ready Reac-
tion esLMmsTIvLA S uave e DNA dne
Lﬂ%lad Automated DNA Sequencer (Perkin-Elmer

Corporation)™

ANALYTE ID % TIME AREA
Unknowr 1 7.4 8.72 227738
2.a 0.9 72018
F 83.5  1.37 2574439
Ao 6.0  2.65 208718
TOTAL AREA 3093973

F 8.0 A2 .8%

e 1 2 3 5 .
511 1 wsiny HPLC-chromatogram NMiRaalse
21 18 dilomA Usznausng HbF (83.5%) i HoA

(6%) WiAdanG

NANSANIA

mﬁaﬁ@ﬁﬁﬁﬂammﬁmﬁaﬂﬁumﬂﬂﬁ@ HbE
- thalassemia uagldsumatasunonesaslag
A A =% ;il 6
MINTIRLFDANNAEFRVRINGH LaanEaTIN
YN 18-22 et man 623 e WUMTLN

X A 2 ve
\Wandoassm 11 118 wagis 11 neldsuns

#1573 cordocentesis TIANAUALATNASS

myensirhaadalninaiuannifondiag
Y INFEIAY 623 T8 WU chromatogram VL@% 3
- . d . a
WUY Wubusndewie HbF nu HbA (3U% 1) &
F116m 282 el (45.3%) endndiuaas HbA Aenag)
NI 0.8-9.2% chromatogram WU 2 Ysznau
¢l HbF HbA uae HbE & 189 T8 (30.4%) HbF
A o [l ;:l [~ dl
Ndamunnngaasasnitis HbA Lay HbE (511

2) chromatogram WUUHE 1% 186 318 lawsl

ANALYTE ID %  TIME AREA
F 96.2 1.34 3182297
Ao 2.5 2.62 81255
E 1.3  B.69 36254
TOTAL AREA 3219886
F 8.0% £ 1.3%
38%y
HbF
2‘3‘{- 3
18%4
HbA
HbE
R 3 N . ~ -

8 1 2 3 q : i

514l 2 uing HPLC-chromatogram Anidanilsta
218 20 dulori 1Tuafle HOF (96.2%) HbA (2.5%)
HDE(1.3%) uazmIanTadiudis DNA mutation
T heterozygous codon 26 (G-A) L“mﬁﬁuﬂﬁﬂﬁ
b HbE trait
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dadazns HbA Neagsesning 1.2-7.9% (Muade
WY 2.121.0%) wasdadiuas HbE Senag
919 0.5-1.9% (Falewhiu 1.240.3%) uasnn

NuNMFAE189 HbA 31nnN HbE uadines 3

'
AA oy !

0 Mo 109 HbA 1nen HbE I@mmm
HbA f6h 0.3% wizfi HOE fleh 0.9% 7t 2
HbA §ieh 0.6% HDE §ieh 1.5% uazmied 3 HbA
e 0.8% HDE &en 1.6% chromatogram LL‘U‘U‘?%
3 1wnaudne HOF waw HBE (U7 3) fidmean 152
e lowfldadinaes HOE ogsening 0.3-1.9%
(AR 1.3£0.3%) 151 18 (24.3%) Leid
(fiess 1 Tefien HbE a8l 2.6%

AMALYTE ID % TIME AREA
Unknowr 1 1.5 b5.69 65995
F 97.1 1.32 4148768
Ao 8.1 2.19 3484
E 1.3 2.69 48321

TOTAL AREA 4266568
F 8.8% E 1.3%

51 3 uae9 HPLC-chromatogram maqﬁ?\lﬁamq
19 §eni 47ia HoF U HBE wazka DNA analy-
sis L‘fJ%compound heterozygous codon 17 (A-T) /
codon 26 (G-A) W lgiuidandulsa HoE B°

thalassemia

NsEsaRaIne e REasLS NS lafia

WANIINIIA B—thalassemia mutation MeA5
fluorescence DNA sequencing ?Jadﬂﬁﬁﬁ Hb typ-
ing Ny chromatogram LL‘]JULLiﬂﬁ fipyng HbF My
HbA 1% 34 718 NaNaINNaNEne 3 Nax ma
Pasnudndaunas HbA Aefidafidien HbA oy
W9 0.8-2.5% §u 16 T 2.51-5% gusn 11
Y LA 5% N3N 7 e

WAMINIA B—thalassemia mutation summju
WwsneN HbA ag5e19 0.8-2.5% 16 718 WU codon
41/42 (-TCTT) 8 28 IVS-I-I (G-T) 3 978 codon
17 (A-T) 2 718 codon 35 (C-A) 2 T8 Lae -28 (A-
Q)17 nﬁjuﬁ 2 ¢ HbA 2gsenag 2.1-5% 1han
§1379 B—thalassemia mutation 11 918 WU codon
41/42 (-TCTT) 2 ¢ codon 17 (A-T) 2 8 Lae
IVS-II (G-T) 1 718 Bn 6 T8l laiwy B-thalassemia
mutation LLazmjuﬁ 3 #ifieh HbA annrh 5% shan
#9373 [-thalassemia mutation 7 918 WU 1 98
L‘flu B—thalassemia mutation 74 codon 17 (A-
T) dawzes HbA 909R§a chromatogram L
HbF - A 1lag®any B—thalassemia mutation
S 22 T Seniads HbA whitu 2.240.9% uag
afléie 12 T8 fiesaalainy B-thalassemia mu-
tation A HbA infawhiiu 5.0+2.6% uasiiia
WRLuiunuh Asenaafiesselaing Brtuks

Do

semia mutation AMFAF LI HbA GUNTINGHTI
@779 [3-thalassemia mutation aensiltisey
(p < 0.001)

WAMI9779 [B-thalassemia mutation Y0sHTs
7% chromatogram WU 2 39 Usenaudg
HbF HbA Uat HbE laegasnesia 15 18 ynae
fendadauaas HbA snnnd1 HbE wuilu het-
erozygote 424 codon 26 (G-A) L%\l(;ﬁl_l HbE trait
d118n 3 TefiendasnuEes HoA tleen HbE Wa

M361379 B—thalassemia mutation WUlJ% com-

19 13 atfuh 4 gMan-SunaN 2546
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pound heterozygote 3¢9 -28 (A-G) U codon
26 (G-A) (3171 )

WaMI0379 [3-thalassemia mutation Y03
4 UL 3 7 chromatogram #siemny HbF U
tbE lnuamafldiafisen HoE o8 1% $1wam 7
e wuLu compound heterozygote LRI
codon 26 (G-A) N codon 41/42 (-TCTT) 4 ¢
iU codon 17 (A-T) 2 378 Waghu IVS -1 (G-T) 1
T8 uasNaTRANATERAe HOE 559 1-1.9%
18 318 WuLn compound heterozygote TEWI
codon 26 (G-A) 11U codon 41/42 (-TCTT) 11 3¢
71U codon 17 (A-T) 6 318 k&MU codon 43 (G-T)
1 7o Tunguilii 1 mefidlen HOE whity 2.6%
WANNF61333 beta globin gene mutation Wy
homozygous codon 26 (G-A) LLazLi“;lmmﬁmmﬂ
x130i% HbE [B-thalassemia fiudieaiiu ho-

mozygous HbE

Faeal

maiasuneuaaanlnumItengiringed
Fllnadusedisaoyssnig 18-22 filont ad
Tomadesfianfiulsn HbE B-thalassemia §2e3%
automated HPLC 11434 623 918 WU chromato-
gram 2ad@llnaduatiosne 16 3 uwy A chro-
matogram $aW1¢ HbF iU HbE haiwy HbA
fansnlimsifiasi 15a HbE [3"-thalassemia 39
£ 151 718 HbE fehdoud 0.3-1.9% Slehmanhiy
1.3%£0.3% Namﬁfﬁja\lm’a’ﬂ] [3-thalassemia mutation
25 T8 (10%) WLl compound heterozygote
LN B°—thalassemia gene MU codon 26 (G-A)
ihldtulsn HbE B '-thalassemia ynme way -
thalassemia mutation ‘ﬁwuﬁaaﬁa codon 41/42
(-TCTT) #J codon 17 (A-T) Fsesaiuinesimens
By

SAMPLE 1D# 00600068000000080084/,4

ANALYTE ID % TIME AREA
F 106.8 1.16 50690089
Ao 0.3 2.46 15306
E 8.9 3.56 39434
TOTAL AREA 5863749
F 196.8% i - 8.9%
3a%T
2%
18%1,
e = +
a 1 2 el 4 5 6

g‘ﬂ'ﬁ 4 U&A4 chromatogram %9i¢ FAE HbA Jen
0.3% HbE Wiy 0.9% wa DNA sequencing 4
compound heterozygous -28 (A-G) / Codon 26
(G-A) dEriidafidulsn HbE B-thalassemia
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Chromatogram 846ia 1 31 ﬁLﬁ@fmmjLﬁm
fuets o gissfialiyeadulsn HbE Bhs
semia ¥39 homozygous HbE chromatogram a
Wy HDF U HbE usisydt HbE S 2.6% 39
Fusesuiigoninuuldaiifu HoE B thas
semia (HIDE = 1.3+0.3% N=151) uaeaenilasums
ﬁzjaﬁﬁfa&ﬁ% DNA technique WU homozy-
gous HbE I@aﬁﬁ”jaaﬂaﬁmﬁuﬂﬁaﬁ 4 homozy-
gous HBE eitlslann folulumeiifdafnang
(Gesfiens UBNNGANEREUZEY HOE UiEeing
§15198meA3 DNA technique arvua s
homozygous HbE 1/1%813\]

Chromatogram WUUT 2 fitlsenaudne HbF
HbA ua HbE Jamin 189 18 186 1) 1w HbE
trait FofidnwosfidduAnedngimens HobA fieh
3NN HBE (A = 2.1%1, E = 1.240.3%) M HbA
uwfanan B globin gene Weslafafeusins

ASEAINRD 1.2-7.9% UpkfiendndaLwes HbE
%3191 beta E globin gene laffafenmuri us
#5aldiioend B globin gene ﬂn@?ﬁqﬁ@hagﬁ 05
1.9% Tndlfeniudnduaes HoE lsiléiarifi Hom
[3"-thalassemia (E‘Uﬁ 5)

e 3 e ‘ﬁifl chromatogram i HbF HbA
La¢ HbE udidndiuans HbA tound) HbE 49
LEAITIAMNANUNG lumsvaead beta-globin
gene fiedlatoras uazdnldiuwan B -thaas
semia LLaz%ammmfm HbE B+—thalassemia bae
Huan9 B+—tha1assemia fn -28 (A-Q)

Chromatogram LL‘UUﬁleﬂ% chromatogram
fidssnoudny HBF fu HbA naniliidasiuzas
HbA (%GLL@' 0.8-9.2% uh chromatogram YIS
Slafinanazfin B-thalassemia trait vEaNE7 Ll
f beta thalassemia mutation (ﬂﬁﬂﬂﬂa) PN
finen B—thalassemia mutation SLuﬂﬁﬂﬁﬁmﬁ@ﬁ’m

Homo E HbE B’-thal HbE trait B thal trait Normal
g N=15 N = 151 N = 186 N = 22* N = 12*
(=)}
3 50%25
£
S
S
(&)
|
[/ 8
I
=
£ 25405 214 1.0 22409
5
=2

13403 12£0.3
HbE HbE HbE-A HbA HbA

51t 5 Thanmuansriaforns HbA uaz HbE aesiléisenasss 18-22 &uemd dsldanniesish HPLC

chromatogram vasNdanin homozygous HBE, HbE Bn—thalassemia, HbE trait, B—thalassemia trait

WALHFFUNG (*mutation proved)
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289 HbA %aani 2.5% wuldlu [B-thalassemia
trait Yji918 LAY HbA flensnnni 2.6% anaitiu
6is B-thalassemia trait WASHSFUNG s MY
fn AeTeMN chromatogram w HBF wag HbA la
\Ansnaglsiifiulsa HbE [B"-thalassemia
lﬂl =1 a Aad Aan % 1 2 asa
WaSoufieuasmsitasenaunaanaiy 35
HPLC 11U DNA technique #&3 35 DNA tech-
nique MNINATVITASulsnMERTALTaIIN 1
A3 196TaLe Lermanauan a0sefiis HPLC eiva bl
e wlesnad 2 299masenTas wananims
Py A As . o Vy ]
1¢¢hathafenlaeds cordocentesis vhlaennnm
MY chorionic villi sampling Daudnaedl fetal
loss rate eI usafrasmAtasenouaaen
lne3% automated HPLC foisiengn (1,000 119/
T AOAMATIEIENGS NIvenaeTaslval) uayline
0152 (lsiiAin 30 wf) wayldldoehamenzaniu
amwlnilgiiude sisisnsataulnehnasas
e s lnlesnad 2 Tafdndantks de mauas
HaMIITastraunnan itjsennyisimmy B s
. . A 2.1/ (=1 a ° =3
semia mutation WNauvisvaauziia B° gene 29
1A % ° 14 A v /:il
Vl,mmﬁﬂm HbA ‘VHGL‘M chromatogram Ya3Wee ¥
\fulsn HbE B-thalassemia (1% HbA fansn
wenandaTTv HbE trait  [B-thalassemia trait
wariean@laheasdaia
| 3 . dl A A |d| Aa dl
athalsfimudefiensiansonded fesiicsiions
% [~} ° . A
Tsyesiiulan HbE (3 -thalassemia 38 homozy-
gous HbE finulumseinmaseiidifies 2 qwhii
AN 623 ¢ uasHilela 1 318 & chromatogramifiu
HbF uaz HbE uddndauges HbE axgaudnlé
Audafidu homozygous HbE wannmMIdsna
chromatogram oINS homozygouse HbE
15 T8 WUNNANFAFUYa9 HbE Gaue 1.7-3.4%
(2.520.5%) v Islsnsnanrmvasiinaasidadne

chromatogram 1 GaTimaaTaiuueeAS DNA

. v A o G A oM o aa o 4
technique f95lanud e W ens3iased
AAIEN

Hetaiidl HoE B-thalassemia 151 Teriudn
3 Mefifls HoE [3*-thalassemia n&alyient3nm

" fAa ¥ A A A Y & ¢
maiugnaasiaudSifes 5 Nefivelimsdnss
diitusia |t ludmniiiiu HoE B'-thalassemia 2
7o # 1 neduyasudalasdneuniteiduguna
Tuddaund Awdedn 2 Muduesaue’y Awed

[ i v v
y#9iflsh HbE B-thalassemia 3nud uagliimea
ensnsnguald dauesouatfivaesileslaresiy
VAMImyAMERsasas dauansiifiuidarmed
¥ LAa clinical heterogeneity 14l3nHbDE B-

) P A v A fug

thalassemia M3z leRnmaENsas e
melumsiimametiugenanifgndasuay
wsneaeta >

v 4 ¢ -

hefigaaumanuguuaziasiumaielse
HbE PB-thalassemia loemIasiadansassneis
OF HbE Screening LagmIiagasuwng HbA,
W mundassafidesaziiulsn HoE B-haas
semia TINFUMTeNdaduaEllnaduras
diaee3D automated HPLC Slemsiialnengawin
Ieanndnuuitéis 623 e wudn HoE B thalas-
semia 151 318 WU 24.2% Fadiulieny
mendelian law of inheritance (p = 0.5) uaviln

[ [ add‘ a |

winnsaxlndenslandsimeeissnnlFlusha
Ussneaehsduds uazsilahanansndseendldl
wunLssme el

aqu
Y o R aa 4 ava o (%

Ievhmsdnmismaesd fifnmsdmiums
ATRSLNaUNRDATEIVINFINTIA DILATINTEAI
18-22 Fensh Aidesazliiyasifhilsn HoE PBhas
semia 194 623 T8 lneAlemeidadmmasriie

G A A v ! A o ;§
gaslulnadulasnssnnifendathsasilés &s
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Prenatal Diagnosis of HbE [3°-Thalassemia by High
Performance Liquid Chromatography Analysis of

Hemoglobins in Fetal Blood Samples

Sanguansermsri T, Charoenkwan P, Thanarattanakorn P, Wanapirak C*,
Sirichotiyakul S*, Tongsong T*, Chanprapaph P*, Sirivantanapa P*,

Saetung R, and Chamrasratanakorn T

Department of Pediatrics; *Department of Obstetrics and Gynecology, Faculty of Medicine, Chiang Mai University,
Chiang Mai, Thailand

Background: Hemoglobin E [3°—thalassemia (HbE B°—thalassemia) is a prevalent cause of severe thalassemia syn-
drome in Thailand, apart from B—thalassemia major and Hb Bart's hydrops fetalis. Prenatal diagnosis of the condition
is therefore necessary to provide an option for couples at risk for having an affected fetus. Since most B—thalassemia
mutations in Northern Thailand result in B°—thalassemia, the absence of Hb A in fetal blood should lead to a diagnosis
for HbE BO—thalassemia in the fetus. Patients and Methods: Prenatal thalassemia screening records of pregnant
women attending antenatal care clinic at Chiang Mai University hospital between January 1998 and December 2002
were reviewed. Pregnant women who were at risk for having an offspring with HbE BD—thalassemia were identified.
Results of fetal blood hemoglobin analysis and mutation analysis were recorded. All fetal blood was obtained by
cordocentesis at the gestational age between 18-22 weeks. Fetal diagnosis was made according to the hemoglobin
fractionation result using automated high performance liquid column chromatography (HPLC). Automated fluorescent
DNA sequencing test was performed to confirm the diagnosis in selected cases. Results: From 623 fetal Hb analysis
records, three patterns of chromatograms were found; FE, FAE and FA. One hundred and fifty two cases demon-
strated FE pattern; 151 diagnosed as HbE [3°—thalassemia had Hb E level of 1.330.3% and one diagnosed as homozy-
gous Hb E had Hb E level of 2.6%. One hundred and eighty nine cases demonstrated FAE pattern; 186 diagnosed
as Hb E trait had Hb A level of 2.1%1.0% and Hb E level of 1.2+0.3%. Hb A level in all cases were higher than Hb
E. Automated DNA sequencing of the remaining three cases who had lower Hb A than Hb E revealed that they
were compound heterozygotes of -28 (A-G) and codon26 (G-A). Two hundred and eighty two cases had FA pattern
with Hb A level ranging from 0.8-9.2%. They were diagnosed as B—thalassenﬂa trait or normal fetus. The Hb A level
could not be used to differentiate between these two conditions. Mutation analysis in each group was concordant
with results analyzed by HPLC. Summary: Fetal hemoglobin analysis by HPLC demonstrated three patterns of
chromatograms that could differentiate between HbE BO—thalassemia and non-disease cases. Fetus with HbE B
thalassemia had FE pattern, absent Hb A and Hb E level between 0.7-1.9%. The method is effective, easy-to-use,
inexpensive and is an alternative for a prenatal diagnosis of HbE B“—thalassenﬁa.
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