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Hemoglobin (2 a + 2 non a)

Globin chain

SGF.-



96%

3 %

… Hb genes …



Classification of 

hemoglobin disorders



Quantitative defect (Reduced synthesis)

Thalassemia syndrome

พาหะแฝงไม่แสดงอาการ

เป็นโรค

แสดงอาการ



l Structural defect

……….. variant in one of the globin subunits

(ปริมาณการสังเคราะห์ ไม่เปลีย่นแปลง)
Hb variant / Abnormal Hb

l Quantitative & Structural defect

Thalassemic hemoglobinopathy



SGF.-

ธาลสัซีเมียกบัปัญหาโลหิตจางในคนอีสาน ..............................



Subjects : 412 pregnant women

Hospitals : Chumpae &  Nampong

Duration : Jan 2003 – May 2004

Mean age : 25.5  + 6.0   yr
Mean GA : 12.8  + 3.7  wk.

Inclusion criteria
Normal pregnancy with GA < 20 wks.
Hb < 11 g/dl  at  GA  < 12  wks.
Hb < 10.5 g/dl at GA  < 20  wks.

Study on pregnancy related anemia in northeast Thailand 

Methods : CBC , Hb & DNA analyses , Serum ferritin assay

SGF.-



Results : From 412 pregnant women

71 cases (17.2 %) : Anemic 

42 (59.2 %)  :  Thalassemia
5 (7.0 %)  :  Iron deficiency 

18 (25.4 %)  :  Thalassemia + Iron def.
6 (8.5 %)  :  Non thal, Non iron def.

SGF.-



Anemia and risk factors :

(2011; 125: 186-192.)

(2011; 169: 1317-1322.)



CPG_Thalassemia_2014 ….. กรมการแพทย์ ...... 

Average statistics for Thalassemia …..



SGF.-

ขอ้มลูจากการท า 
micromappingใหม่

Hemoglobin 2012; 36: 47-56. 



ภาคอสีานม ีHb E มาก 
แต ่b – thalassemia นอ้ย

ลาวม ีมากกวา่ 



Updated data for Northeast Thailand

a+ - thalassemia is ~ 5 times more common than a0 - thalassemia



... แต่ละภมิูภาคมีข้อมลูต่างกนั ...

... ควรเลือกแนวทางการตรวจ
การวินิจฉัย และ การให้ค าปรึกษา

แนะน าทางพนัธกุรรม
อย่างเหมาะสม ...



a – thalassemia

a o-thalassemia / a -thal 1

a +-thalassemia / a -thal 2

Hb Constant Spring

Hb Pakse’

Phenotypic classification of thalassemia

in Thailand …..

SGF.-

b - thalassemia

b+ - thalassemia

bo - thalassemia

Hb E

ab -thalassemia

AEBart’s disease

EFBart’s disease  ,  etc.

db -thalassemia / HPFH



Thalassemia gene 

interactions

More than 60

thalassemia syndromes

SGF.-



DCE

Kozak sequence

Structure of Human globin gene

3’UTR
(~ -30)(~ -76)



SGF.-



แต่ละภมิูภาคมีชนิดและความถ่ีของมิวเตชัน่แตกต่างกนั

SGF.-
Mostly caused by point mutations



Frame shift mutation
(4 bp deletion at codons 41/42)

5’ 3’

b0-thalassemia

40 41 42 43 44 59 60

Arg Phe Phe Glu Ser Lys Val
AGG TTC TTT GAG TCC----------- AAG GTG

AGG TTG    AGT    CCT TTG ------------------TGA
Arg Leu Ser Pro Leu Termination 

codon

bA

b41/42



Total 21,068 subjects examined …… 
2,637 b – thalassemia carriers

1,932 b0 – thalassemia (73.3%)
705 b+ - thalassemia (26.7%)



Accumulative 
data at KKU
… 849 genes…

~ 22.5 % 
b+ - thalassemia



b0 – thalassemia : Severe

b+ - thalassemia : Mild

Similar hematological characteristics i.e. …..

Low MCV
Low MCH
Elevated Hb A2

Differential diagnosis is only made possible by 
DNA analysis 

… ตรวจหา mutation ในคู่สมรสก่อนส่งไปท า PND น่าจะดีกว่า ...



b+ - thalassemia mutations observed



-28 A-G
(431)

-31 A-G
(41)

-87 C-A (13)
Hb Malay (29)

Hb Dhonburi (10)

b0 - thal
(n=309)

มีส่วนน้อยท่ี < 4 % 

และส่วนใหญ่เป็น b+ - thalassemia



Laosombat V, et al. Am J Hematol 1992; 41: 194-198.
….. Data in Southern Thailand ….

Six most common mutations (not including Hb E) are …..

- Codons 41/42 bo Thai   &  Chinese Thai

- IVS1#5 G – C severe b+ Thai muslim

- Codon 19 A – G b+ Hb Malay

- Codon 17 A – T b0

- - 28 A – G b+

- IVS1#1 G – T b0

... ข้อมลูภาคใต้ ...







Expression of  Hbs A2, E and F in various Hb E related disorders



b0

b +



a - thalassemia

ao - thalassemia (a – thalassemia 1 )
no a - globin chain production

a+ - thalassemia (a – thalassemia 2 )
low a - globin chain production



z 2 yz 1 yz 2 ya 1 a 2 a 1 q 1Inter z HVR HVR

3 ’5 ’

x     y    z x     y    z

3.7 kb deletion

4.2 kb deletion

SEA deletion ( > 17.5 kb)

THAI deletion ( ~ 30  kb)

a - thalassemia 2

a - thalassemia 1

a - thalassemia gene in Thailand

SGF.-

Mostly caused by DNA deletions



Molecular basis of a – thalassemia

Gene deletions

- a - thalassemia 1 deletion (SEA & THAI)

- a - thalassemia 2 deletion (3.7 kb & 4.2 kb)

Non deletion

- Hb Constant Spring

- Hb Pakse’

- Hb Q - Thailand

- Hb Quong Sze (less common)

- Codon 30 (GAG deletion) (less common)

- Poly A mutation (less common)

- Hb Pak Nam Pho (less common)

SGF.-



Data from ongoing 
thalassemia screening at KKU

1,541 positives at preliminary screening 

397  a – thalassemia 1 carriers (25.8%)

396  SEA deletion
1  THAI deletion

SGF.-





Table 1 Hematological data of a pregnant Thai woman and her family members.  

Parameters Proband Husband Daughter

OF

DCIP

Rbc (1012/L)

Hb (g/dL)

Hct (%)

MCV (fL)

MCH (pg)

MCHC (g/dL)

RDW (%)

Hb A2 (%)
Hb F (%)

a – thal 1 (SEA)

positive

negative

4.5
9.8
32
72.4
21.9
30.3
13.3
2.4
0.3

Positive

positive

negative

6.3
14.6
44
63
23.1
36.9
13.0
2.6
0.1

Negative

negative

negative

3.3
12.5
36
80.7
38.5
47.7
12.3
2.4
0.3

Negative



(--SEA / aa)

(aa / aa) Hb Bart’s 

hydrops fetalis

Non 
a – thal 1



Normal
--SEA

--THAI 854 bp

660 bp

314 bp

M       1          2         3          F        M       D        AF

5’ 3’

A9F A9RTHAI deletion 
(854 bp)

SEA deletion
(660 bp)

(314 bp)

A1B

A7F A7R

z2             yz1           yz2           ya1          a2         a1           q1



(--SEA / aa)

(aa / aa) Hb Bart’s 

hydrops fetalis

(--THAI / aa)

(--SEA / aa)

(--SEA / --THAI )



Referral cases commonly encountered 
at KKU for molecular analysis

Prenatal diagnosis

Diagnosis of complex thalassemias

Determine genotype – phenotype relationship

Diagnosis of unknown Hb variants



Example of Family analysis

b0 – thalassemia trait / a – thal 1
Hb E trait / Homo a – thal 2

a – thal 1 / a – thal 2

Risk for … b0 – thal / Hb E disease

Others: … Hb H disease

… EABart’s disease



ระมดัระวงัการแปลผล
…complex thalassemia 

syndrome…

พบไดบ้อ่ยและวนิิจฉยัพลาดได้



Example 1 ….. ab - thalassemia 
mis - interpreted case of ab - thalassemia

Patient : 7-year-old Thai boy

Initial laboratory findings:-
DCIP  Positive
Hb  6.8 %
Hct  24.7 %
MCV 56.3 fl
MCH 15.5 pg
MCHC 27.6 g/dl
RDW 28.4 %

Hb typing A2A (A2 8.5 %, F 1.6 %, A 81.1 %)

Suspected b - thalassemia
Refer for b – thalassemia gene analysis

???



Analysis at KKU

Repeated DCIP :  Positive
b - thal gene analysis :  Negative for all mutations
Hb E gene analysis :  Positive (heterozygous) 
a – thal gene analysis :  Positive for a – thal 1 (SEA)

Positive for aCS gene

Repeated Hb typing :  CS EA (E = 16.3 %)

Final diagnosis :  CS EABart’s disease



Abnormal Hemoglobins

...พบบ่อย... วนิิจฉยัยาก....



Please refer to this recent paper for more
information

พบประมาณ 2.4 %



~ 40 variants



Two dimensional diagnostic diagram 
using CE & HPLC HPLC

CE



Father : Carrier of unknown Hb variant

Mother : Hb E trait (Hb E = 26.8 %)

MCV 89.3
A2A (A2 2.1%)
+ unidentified Hb

Example 2 ….. Abnormal Hb  

Unnecessary 
PND



Hb variant
(50.4 %)

Hb A
(47.1 %)

Hb A2
(2.5 %)

DNA testing 

Positive for Hb J Bangkok



Mother

Father

AF



High Hb F determinants

...เจอไดบ้อ่ยในภาคใต.้.. 



HPFH : Hereditary Persistence of Fetal Hemoglobin

: increased Hb F in adult life with no clinical condition

: no hypochromic microcytosis / normal MCV & MCH

db-thalassemia : d - & b - globin genes defect
: increased Hb F in adult life with mild clinical condition

: hypochromic microcytosis / reduced MCV & MCH

Mostly caused by

DNA deletion in b - globin gene cluster

Molecular basis

Increased Hb F in adult



Haematologica 2004;89:777-781.



ทีพ่บในคนไทยมหีลายชนิด



SGF.-



Development of 

multiplex 

PCR  system



E F

Family SP :  db - thalassemia / Hb E 

A2FA

A2 = 2.1 %

F   = 14.6 %

Hb = 12.7 g/dl

MCV = 69.8 fl

MCH = 22.6 pg

MCHC = 32.4 g/dl

F-cell : positive  

EA

E = 29.8 %

F   = 1.1 %

Hb = 13.2 g/dl

MCV = 84.6 fl

MCH = 26.8 pg

MCHC = 31.7 g/dl

F-cell : negative

EF

E =  41.8 %

F   = 33.6 %

Hb = 13.0 g/dl

MCV = 62.3 fl

MCH = 21.4 pg

MCHC = 34.3 g/dl

F-cell : positive  

EF

E =  41.6 %

F   = 35.1 %

Hb = 14.6 g/dl

MCV = 69.8 fl

MCH = 23.2 pg

MCHC = 33.3 g/dl

F-cell :  positive 

E E FF

(db)o-thal trait

(db)o-thal / Hb E(db)o-thal / Hb E

Hb E trait





Hb F
(25.9)

Hb A
(67.2)

Hb A2

(2.1)

เพราะมี Hb F

สงสยั b – thal

จงึสง่ตรวจ b - thal

DNA analysis : Positive for (db)0 – thalassemia trait)



EF Abn…. Positive for 

Hb E / Hb Lepore-Hollandia

Rbc -

Hb -

Hct -

MCV 60.9

MCH -

MCHC -
RDW -



Example 3 ….. High Hb F determinant  

Unnecessary 
PND

Father Homozygous Hb E
Mother High Hb F carrier



Positive for
HPFH-6 trait



PND : ทารกในครรภเ์ป็น Hb E trait



ตรวจ Lab ให้ถกูต้อง
และใช้ผล Lab ทกุอย่าง

ร่วมกนัในการ
วินิจฉัยและประเมินคู่เส่ียง

SGF.-



........ ตอบวา่ไมรู่บ้า้งกไ็ด้ ..........
....... แลว้ปรกึษาผูรู้เ้อา .........



The End


