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Thalassemia Prevention: Prenatal diagnosis (PND)

• Genetic counselling
• Moleccular study

• Father and mother
• Fetus

• Ultra sound
• Obstetic procedures

• CVS (chrorionic villus sampling): 11th -13rd wk G.A. 
• Amniocentesis: 16th-18th wk G.A.
• Cordocentesis: 18th-22nd wk G.A. 

• Prenatal diagnosis (PND)
• Termination of afected fetus (options)

• Preimplantation genetic diagnosis (PGD)
• Noninvasive prenatal diagnosis (NIPD)
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Prenatal diagnosis

Obstetic procedures G.A. 
(wks) 

Miscarriage  (%)

A. Chrorionic villus sampling 11-13 1.5-2.5

B. Amniocentesis 16-18 0.3-0.5

C. Cordocentesis 18-22 1.0-1.5
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Preimplantation Genetic Diagnosis (PGD)

• Egg
• Sperm,  ICSI (intracytoplasmic  

sperm injection)
• Embryo (8 cells)
• Biopsy
• One cell PGD
• Embryo transfer 
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Strategy for prevention of b-thalassemias in Mediterranean at-risk populations
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Cao A, et al.Cold Spring Harb Perspect Med. 2013 Feb 1;3(2):a011775

1.Public awareness & 
Education

2.Carrier detection 
3.Molecular diagnosis
4.Genetic counseling
5.PND, PGD, NIPD



b-thalassemia Prevention Model:
40 years of Single Center Experience (1975-2017)
• Microcitemico Pediatric Hospital, Cagliari, Sardinia, Italy 
• Population: 1.7 million, carrier 12%, newborn affect 1/250 newborn

• Carrrier  screening:
• Extensive information & education: mass media, family doctors, 

obstetricians, pediatricians, midwives
• Population screening to identify b-thal carrier (hemato & mol. mutation)

• Genetic counselling: 
• b-thal, genetic mutation, reproductive options, PGD, efficacy, accuracy & 

risks of fetal diagnosis
• neonatal treatment, HSCT
• 97% of pregnants & 93% of non-pregnants accepted PND
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b-thalassemia Prevention Model:
40 years of Single Center Experience (1975-2017)
• Fetal & Embryo Invasive Procedure, outcomes:
• 8,748 cases: 
• 8,564 prenatal diagnosis

• Trans-abdominal CVS =77.2% (6,615/8,564); fetal loss 0.6%
• PND affected fetus 24.96% (2,138/8,564)

• Misdiagnosis (inability to amp. DNA, Mispaternity, maternal contamination)

• 184 PGD procedures
• PGD (start in 2022) 38/184 > clinical pregnancy
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Fall in the birth rate of homozygous b-thalassemia
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Monni G, et al. J Clin Med. 2018 Feb 20;7(2):35. 



Prenatal Diagnosis of Thalassemia and Hemoglobinopathies: 
20 Years Experience at Siriraj Hospital (1985-2005)

• PND started in 1985 (2528 BE): 
• Placentocenthesis or Fetoscope & 

globin chain analysis
• Cordocetesis (Ultra Sound guided) 

& DNA analysis (2534 BE)
• Chorionic villus sampling (CVS): 

transvaginal vs transabdominal
• Amniocentesis

• Laboratory1:
• b/g ratio, DNA mapping (RFLP)
• Radioactive ASO probe, RDB 
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2. Kanokpongsakdi S, et al. Siriraj Med J 2007; 59: 274-277

• Methods of Fetal sampling2

1. Fucharoen S, et al.Southeast Asian J Trop Med Public Health. 1991; 22(1):16-29 



Summary of PND at Siriraj Hospital (1985-2005)
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Kanokpongsakdi S, et al. Siriraj Med J 2007; 59: 274-277



Results: 20 Years Experience at Siriraj 
Hospital (1985-2005) 
• Total 940 PND cases, achieved diagnosis 891 cases (98.5%)
• Fetal loss 10 cases (1%):
• 7 cases: dead fetus inutero (2nd trimester FBS)
• 3 cases: developed complications: 

• sampling failure amniitis (N=1)
• dry amniotic fluid (N=1)
• spontaneous abortions ( D10 after trnsvaginal chorion biopsy) (N=1)

• Misdiagnosis 7 cases:
• risk for Hb Bart’s hydrops (N=3)
• risk for homo. b-thalassemia (N=2)
• risk for b-thal/Hb E (N=2)
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Kanokpongsakdi S, et al. Siriraj Med J 2007; 59: 274-277
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Prenatal control of severe thalassemia:
Chiang Mai Straegy

14

Tongsong T, et al.Prenat Diagn. 2000;20:229-34
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Results: Chiang Mai Straegy 

Retrospective & Prospective screening
Risks by 
screening

Cordoce
ntesis*

a1/a1 b/b b/E Total 

Retrospective 108 12 9 8 29

Prospective 134 8 7 18 33

Total 242 20 16 26 62

Prospective screening

15

*Fetal loss 1.4%
a1/a1: Hb Bart’s hydrops; b/b: Homo. b-thal; b/E: b-thal/Hb E

Tongsong T, et al.Prenat Diagn. 2000;20:229-34

*Couple at-risk; 181, Did not perform PND = 27/181 (15%)



PND in Northern Thailand (mol. era: 2012-2017)

• 1,290 couples at risk for severe thalassemia, at CMU 
• Screening: MCV, Hb E screen, if positive: spouse screening 
• Confirm: HB analysis, PCR for a0-thalassemia
• Molecular/alternative diagnosis: 

• a-thal: multiplex PCR with high-resolution melting (HRM) analysis
• b-thal: PCR with HRM analysis, DNA sequencing (unknown mutations)
• Hb Bart’s Hydrops: serial U/S for sign of fetal anemia, confirm by invasive fetal 

diagnosis  
• Genotype: 

• a0-thal: SEA deletion (99.7%)  and Thai deletion (0.3%) 
• b-thal: Codon 41/42 (−TTCT), codon 17 (A>T), IVS-I-1 (G>T) and codon 71/72 (+ A) 

(90%) 
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Mankhemthong K, et al. Int J Hematol. 2019;110(4):474-81 



Results: 1,290 couples at risk, 1,301 fetus (11pairs of twins)

17

*BTM=b-thal major, BE=b-thal/Hb E
Mankhemthong K, et al. Int J Hematol. 2019;110(4):474-81 
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PND of a- and b-thalassemia in Southern 
Thailand (2003-2017)
• Songklanagarin Hospital: 

screening 26,021pregnants
• Couples at risk=1,906 (7.3%)
• risk for severe thal. = 1,704 

(89.4%): b/b, b/E, a0/a0

• Amniocenthesis at 15-20 wks
• Mutations:
• b-mutations: 21 point + 7 del.

• (14 commond mutations=96.5%)
• a0-thal: 98% SEA, 2% Thai del.

19
Nopparatana C, et al. Int J Hematol. 2020-111-2-284-292 



Outcomes: PND at Songklanagarind Hospital

• 1,004 pregnant women who 
sought treatment at Song. Hos
• 183 affected pregnancies
• 153 (83.6%) terminated 

pregnancies (TOP)
• 30 (16.4%) did not TOP

20
Nopparatana C, et al. Int J Hematol. 2020-111-2-284-292 
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Prevention of severe 
thalassemia in northeast 
Thailand: 16 years of experience at KKU 
(Jan 1993-Dec 2008)

• Positive screening (MCV,DCIP): 1,422 
• True positive couples (Hb analysis): 1,254 
• Risk couples for severe thal (DNA analysis): 986
•  Did not perform PND: 212 
• Performed PND: 756

• Fetal diagnosis: 846

• Misdiagnosis: N=2
• a0–thal trait for homo a0 (maternal contaminate): 1
• b-thal trait for b-thal/Hb E (technical PCR): 1

• Fetal loss: 1/75 Cordocentesis: 1.3%

22Yamsri S, et al. Prenat Diagn 2010; 30(6): 540-6 



Prevention of severe thal 
in northeast Thailand: 

16 years of experience at KKU
(Jan 1993-Dec 2008)

• 1422 at Risk Couples
• 1254 True positive couples
• 968 Risk for Severe Thalassemia
• 846 Fetal diagnosis
• 2 misdiagnosis (a0-thal tait > Hb 

Bart’s Hydrops;  Hb E trait for b-
thal/Hb E)

• 1 Fetal loss (Cordocentesis)

23Yamsri S, et al. Prenat Diagn 2010; 30(6): 540-6 
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Effectiveness of the Model for the prenatal control of 
severe thalassemia

• Multi-center, 6 hospitals, during Aug 2009 -Dec 2011

• 12,874 pregnancies; 7,008 analysis, 281 couples at risk, 58 affected fetuses
• All neonates were evaluated for thalassemia

25

Tongsong T, et al. Prenat Diagn 2013;33(5):477-83 



Results
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Effectiveness of the model in 
prenatal prediction of severe 
thalassemia

• Prevalence 0.83%
• Sen. 100%, Spec 96.8%
• Pos. predictive. 20.6%, Neg. predictive. 100% 

Tongsong T, et al. Prenat Diagn 2013;33(5):477-83 



Model for the prenatal 
control of severe 
thalassemia

1) Genetic counseling

2) Screening: MCV, CMU-E screen
3) Screening husbands if wife +ve screen
4) Diagnosis of  carrier

5) Identify the matched couples at risk
6) PND (b-thal/b-thal, b-thal/Hb E, a-

thal1/a-thal1)
7) Counseling and option for Termination 

of affected pregnancy

28Tongsong T, et al. Prenat Diagn 2013;33(5):477-83 



Factors affecting Thai pregnant women's decisions concerning 
PND and termination of pregnancy (TOP) for β-thalassemia 

• Study: Div. Maternal Fetal Medicine, Dep. Obstetrics and Gynecology, Siriraj 
Hosp (May 2018 and June 2019) 
• Participants: 142 Thai Buddhist pregnant women waiting for PND
• Question: “reasons for PND and their decisions and reasoning concerning 

pregnancy if the fetus was found to be affected”
• Accepted PND for 3 reasons: 

• 1).to know whether their pregnancies were affected 
• 2).to confirm that their pregnancies were unaffected 
• 3).to terminate if their pregnancies were affected

• Results: acceptance of PND was not always associated with TOP. Multiple 
factors influenced the decision to terminate, but not their religious affiliation

29
Phaophan A, et al. J Obstet Gynaecol Res. 2021 Feb;47(2):631-39 



Preimplantation Genetic Diagnosis (PGD)
• Superovalation (recombinant FSH)
• Oocytes fertilization

• Intra Cytoplasmic Sperm Injection (ICSI)

• Clevage stage day 3 embryo biopsy
• Molecular geneticdiagnosis (single cell)
• Transfer of normal embryo

30
Piyamongkol W, et al. J Med Assoc Thai. 2006 Jul;89(7):918-27 



PGD for severe thalassmia

• Alternative to the traditional PND, without Termination of pregnancy (TOP)
• 1streported (2547 BE) couples at risk of homo. b-thal (bCD41/42/bCD41/42)
• Dep. Of OBGYN, Faculty of Medicine, CMU
• During 2547-2561BE 

• 24 pregnancies at risk, 64 PGD cycles (37 homo a0-thal, 5 b/b and 22 b-thal/Hb E)
• 24 healthy pregnancies delivered 27 babies 

31

Piyamongkol W, et al. Thai J Obstet Gynaecol. 2018; (26): 2-9 



Noninvasive PND of b-Thalassemia Disease by Using Digital 
PCR Analysis of Cell-Free Fetal DNA in Maternal Plasma 
• dPCR detect (in maternal plasma)

• Paternally inherited-b-thal allele (PIB)
• Maternally inherited-b-thal allele (MIB)

• Study : pregnancies couples at risk of b-thal/Hb E, b-thal/b-thal (N 35)
• GA: 12-22 weeks (18.4 + 2), mutation: CD 17(A>T), IVS I-1(G>T), CD 41/42 (-TTCT), CD 

26(G>A)

• Result & Interpretation (different paretal mutation, N=29):
• Absent PIB-M = normal or b-thal trait (from maternal) = Exclude thal. Disease
• Present PIB-M (mutant) = b-thal trait or thal. Disease
• MIB-M/MIB-N ratio = 0.87 + 0.07= Fetus not inherited maternal mutation 
• MIB-M/MIB-N ratio = 1.01 + 0.05 = Fetus inherited maternal mutation

• Sensitivity 100%, Specificity 92.3%, false-positive rate 7.7%, AUC: 0.976 (95%CI 0.925-1.0)

32
Charoenkwan P, et al. Fetal Diagn Ther. 2022;49:468-78 



Results & Interpretation (continue) 

• 4 couples with same paretal mutation:
• MIB-M/MIB-N ratio:

• 0.90 = norµal HBB (n=1)
• 1.01 and 1.11 = heterozygous mutation (N=2)
• 1.45 = homo. b-thal (N=1)

• 2 couples with paternal b-thal/Hb E, maternal b-thal trait
• PIB-M present 25 and 35 positive partition
• MIB-M/MIB-N ratio: 0.96 and 1.10
• All two casess diag b-thal/Hb E

33
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PIB=Paternally inherited-b-thal allele 
MIB=Maternally inherited-b-thal allele 
MIB-M = mutant, MIB-N = normal

Charoenkwan P, et al. Fetal Diagn Ther. 2022;49:468-78 



The evaluate the Thalassemia Prevention and 
Control in Pregnancy Program: HITAP ( 2561 BE) 
• The Ministry of Public Health (MPH) introduced the National Thalassemia Action Plan 2550-2554 BE aim: 

• to reduce the number of newborns with severe thalassemia
• to improve patients’ quality of life

• The National Health Security Office (NHSO) implemented a strategic plan for prevention and control of 
thalassemia 2557-2559 BE: “Thalassemia Prevention and Control in Pregnancy Program”

• In 2561 BE, Health Intervention and Technology Assessment Program ( HITAP) evaluate the Thalassemia 
Prevention and Control in Pregnancy Program

35

Evaluated Items: Results: 

All new pregnant women received thal. Screening 83.7-99.8%

Husban screening 60.7-87.4%

Couples at risk received PND 28.8-87.4%

TOP (termination of preg nancy) 24.6-100%

New pregnancy thal. Screening at GA. (wk.) 9.7-17 wk.

Incidence of new thal. (0-4 yrs.) decline, 2559 BE 20 to 19/100,000 patiens
HITAP. Available at: https://www.hitap.net/documents/174625 

https://www.hitap.net/documents/174625


Prevention & control of 
severe thalassemia: 
Khon Kaen Hospital
(2022-2023)
• Screening: 10,284
• Couple at risk :  102
• PND: 38
• b-thal/Hb E: 7
• TOP: 3

Juntharaniyom M, et al. 25th National Thalassemia Conference, Bangkok, Mar 27-29, 2024 36



Summary: Current Status of Thalassemia 
Prevention 
• Public awareness & Education
• Carrier detection & 
• Molecular diagnosis
• Genetic counseling
• Options for Prevention: 
• Prenatal diagnosis 
• Preimplantation genetics 

diagnosis
• Noninvasive prenatal diagnosis

• Organizations:
• The Ministry of Public Health 
• The National Health Security Office 
• Thalassemia Foundation of Thailand
• Thai Society of Hematology
• The Royal College of Physicians of 

Thailand
• The Royal College of Peditricians of 

Thailand
• The Royal Thai College of 

Obstetricians and Gynaecologists
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