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TRBC, MCV, RDW



Thalassaemia Syndromes Structural HbVariants
α‐Thalassaemias:

αo ‐Thalassaemias
α+ ‐Thalassaemias

Deletion
Non‐deletion

Sickling Disorders:
With β‐Thalassaemia
With α‐chain Hb variants
With β‐chain Hb variants

y

With α‐chain Hb variants
With β‐chain Hb variants
With β‐Thalassaemia

β‐Thalassaemias:
βo ‐Thalassaemias

Other StructuralVariants (Hb‐E, C, D etc.):
With β‐Thalassaemia
With α‐Thalassaemia

Unstable Haemoglobins:

β+ ‐Thalassaemias
With β‐chain Hb variants
With α‐chain Hb variants
With α‐Thalassaemia

δβ‐Thalassaemia:

M Haemoglobins:

AlteredAffinity Haemoglobins:

(δβ)o ‐Thalassaemia
(Aγδβ)o ‐Thalassaemia
(εγδβ)o ‐Thalassaemia
δ‐Thalassaemia
γ‐Thalassaemia

Hereditary Persistence of Fetal HaemoglobinHereditary Persistence of Fetal Haemoglobin
(HPFH):









Poor Haemoglobinization of Red Cells
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Yes butYes but….
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Index Formula BTT IDAIndex Formula BTT IDA 
England & Fraser MCV-(5xHb)-RBC <0 (neg) >0 (pos) 
Mentzer MCV/RBC count <13.0 >13.0 
Srivastava MCH/RBC count <3.8 >3.8 
Shine & Lal MCVxMCVxMCH/100 <1530 >1530 
Green & King MCVxMCVxRDW/(Hbx100) <72 >72Green & King MCVxMCVxRDW/(Hbx100) <72 >72 
Ricerca RDW/RBC count <3.3 >3.3 
RDWI MCVxRDW/RBC <220 >220 







The cutoff limits ?The cutoff limits ?



Ethnic group: Hb (g/dl): TRBC (X109/L): MCV (fl): MCH (pg):

Range: Mean ± SD: Range: Mean ± SD: Range: Mean ± SD: Range: Mean ± SD:

Punjabi: (n=290) 7.0-16.8 13.9 ± 1.9 3.0-6.2 4.95 ± 0.54 54-101 85.2 ± 7.7 16-34 28.1 ± 3.3

Pathan: (n=307) 7.6-19.8 14.2 ± 1.7 4.0-6.9 5.10 ± 0.51 61-103 87.5 ± 7.1 17-35 29.1 ± 3.1

Sindhi: (n=223) 9 4 18 4 13 7 ± 1 6 3 4 7 2 4 83 ± 0 53 64 110 87 4 ± 7 6 18 39 28 6 ± 3 2Sindhi: (n=223) 9.4-18.4 13.7 ± 1.6 3.4-7.2 4.83 ± 0.53 64-110 87.4 ± 7.6 18-39 28.6 ± 3.2

Baluch: (n=300) 8.9-19.4 15.0 ± 1.5 3.9-7.2 5.41 ± 0.55 59-108 83.1 ± 8.0 19-36 28.1 ± 3.1

Urdu speaking:
(n=225)

9.6-17.3 14.6 ± 1.6 3.8-7.0 4.91 ± 0.53 60-102 85.1 ± 7.2 18-33 29.2 ± 3.0

All 7 0 19 8 14 3 ± 1 7 3 0 7 2 5 04 ± 0 53 54 110 85 7 ± 7 5 16 39 28 6 ± 3 1All groups:
(n=1345)

7.0-19.8 14.3 ± 1.7 3.0-7.2 5.04 ± 0.53 54-110 85.7 ± 7.5 16-39 28.6 ± 3.1

(S. Ahmed 1998)



(S. Ahmed 1998)



Ethnic group: MCV≤75fl or
MCH ≤25pg:

β-thalassaemia carriers: 95% Confidence
interval:

Number: % of low
MCV or MCH

% of
total

Punjabi: (n=290) 33 (11.3%) 13 39.4% 4.5% 2.1-6.9%

P th ( 307) 30 (9 8%) 16 53 3% 5 2% 2 7 7 7%Pathan: (n=307) 30 (9.8%) 16 53.3% 5.2% 2.7-7.7%

Sindhi: (n=223) 21 (9.4%) 11 52.4% 5.2% 4.2-8.2%

Baluchi: (n=300) 57 (19.0%) 27 47.4% 9.0% 5.7-12.3%

Mohajir: (n=225) 23 (10.2%) 12 52.2% 5.2% 2.3-8.1%j ( ) ( )

All ethnic groups:
(n=1345)

164 (12.2%) 71 43.3% 5.3% 4.1-6.5%

(S. Ahmed 1998)



Promoter mutations
Splice junction mutations

h lCo‐existing α‐thalassaemia
Co‐existing Iron Deficiency
δβ h lδβ‐thalassaemia



P   f    hild  i h Parent of a child with 
Transfusion dependent 
anaemiaanaemia
Hb‐A2: 2.6%
PCR:  Cap+1 (A‐C)



Sex TRBC Hb MCV MCH Mutation Sex TRBC Hb MCV MCH Mutation

F 4.77 13.3 83.0 27.9 Cap+1 M 6.57 12.9 71.8 19.6 IVSI-5

F 4.47 11.5 81.3 25.2 Cap+1 M 7.50 13.6 54.5 18.1 Fr 41-42

F 4 18 10 9 82 8 26 1 C +1 M 6 78 13 1 62 1 19 3 IVSI 5F 4.18 10.9 82.8 26.1 Cap+1 M 6.78 13.1 62.1 19.3 IVSI-5

M 4.96 14.9 85.9 30.1 Cap+1 M 6.93 14.2 62.8 20.5 Del 619

F 4.06 12.1 85.2 29.8 Cap+1 M 6.21 12.0 59.7 19.3 Del 619

F 5.41 13.4 76.0 24.8 Cap+1 F 5.35 10.3 58.5 19.3 Cd 15

F 4.05 11.2 86.4 27.7 Cap+1 M 6.73 13.3 61.1 19.8 Cd 5

F 4.17 11.3 80.6 27.1 Cap+1 F 5.16 9.9 55.7 19.2 IVSI-1

M 4.83 14.2 87.6 28.8 Cap+1 M 6.76 15.8 65.0 23.4 IVSI-5

F 4.19 11.2 80.7 26.7 Cap+1 F 5.15 11.3 66.0 21.9 IVSI-5

F 3.80 9.9 77.9 26.1 Cap+1 M 6.80 12.6 60.7 18.5 IVSI-5

F 3.37 9.9 87.5 29.4 Cap+1 F 5.50 10.7 53.0 19.5 IVSI-5

M 6.05 15.4 82.6 25.5 Cap+1 M 7.79 14.5 61.0 18.6 Cd 30

F 4.15 10.0 76.9 24.1 Cap+1 F 4.92 9.8 68.3 19.9 Cd 30p

(S. Ahmed unpublished data)



P   f    hild  i h Parent of a child with 
transfusion dependent 
anaemiaanaemia
Hb‐Electrophoresis

Hb‐E Trait



Mutation Hb
(g/dl)

TRBC
(X 109/L)

MCV
(fl)

MCH
(pg)(g/dl) (X 109/L) (fl) (pg)

β+ Trait
(Cap+1)

12.1
9.9-15.4

4.46
3.37-6.05

82.5
76.0-87.6

27.1
24.1-30.1

Hb-E Trait 10.5
8.8-13.5

4.40
3.47-5.55

73.7
65.0-81.0

23.9
21.0-26.0

βo-Thal Trait 12.4
9.8-15.8

6.30
4.92-7.79

61.4
53.0-71.8

19.8
18.1-24.3

(S. Ahmed unpublished data)



Sr. Fam Ethnic Sex Age Trans Spl Hb TRBC MCV MCH HbF HbA2 Mutation Xmn-I

Heterozygous (Aγδβ)o/Nor)yg ( γ β) )

1. 1. Pathan F 30 No - 11.5 5.15 73.2 22.3 15% 2.4% (Aγδβ)o/Nor -/+

2. 2. Punjabi M 33 No - 13.4 5.61 78.3 23.9 17% 2.9% (Aγδβ)o/Nor -/+

3. 2. Punjabi F 28 No - 10.4 4.48 72.1 23.2 15% 2.6% (Aγδβ)o/Nor +/+

4. 3. Punjabi F 27 No - 12.5 5.67 71.6 22.0 12% 2.8% (Aγδβ)o/Nor -/+j ( γ β)

5. 3. Punjabi M 6 No - 11.3 5.91 64.0 19.1 12% 2.4% (Aγδβ)o/Nor -/+

6. 3. Punjabi F 4 No - 10.5 5.41 66.2 19.4 14% 2.3% (Aγδβ)o/Nor -/+

Mean 11.6 5.37 70.9 21.7 13% 2.6%

Homozygous (Aγδβ)o/(Aγδβ)o

7. 2. Punjabi M 8 No + 10.5 5.50 63.3 19.1 100% Nil (Aγδβ)o/(Aγδβ)o +/+

8. 3. Punjabi M 33 No + 10.5 6.30 65.1 20.0 100% Nil (Aγδβ)o/(Aγδβ)o +/+

9. 3. Punjabi F 2 Yes ++ 5.0 2.27 71.8 22.0 70%* 1.3% (Aγδβ)o/(Aγδβ)o +/+

10. 4. Punjabi F 34 No ++ 11.2 4.40 76.9 25.4 100% Nil (Aγδβ)o/(Aγδβ)o +/+

11. 5. Bohra F 10 No ++ 10.3 5.32 70.1 19.0 100% Nil (Aγδβ)o/(Aγδβ)o +/+

12. 6. Bohra M 29 No ++ 10.7 5.17 70.6 20.7 100% Nil (Aγδβ)o/(Aγδβ)o +/+

Mean 9.7 4.82 69.6 21.0 100% Nil

Compound heterozygous (Aγδβ)o/IVSI-5 (G-C)

13. 6. Bohra F 3 Yes ++ 8.0 3.8 72.3 21.3 20%* 1.3% (Aγδβ)o/βo -/+

(Ahmed & Anwar 2006)





RDW <32 32-36 36-40 40-44 44-48 48-52 52-56 >56RDW
(fl)

<32 32 36 36 40 40 44 44 48 48 52 52 56 >56

Thal
Trait

10 35 44 10 1 0 0 0
Trait

IDA 0 0 2 18 22 12 4 5

(Fatima & Ahmed 2008)



Untransfused 
(n=171)

Transfused (n=109) p value

Mean Range Mean RangeMean Range Mean Range

Hb (g/dl) 6.3 1.9 - 9.0 6.2 2.3 – 11.2 0.20

MCV (fl) 70 57 - 83 74 58 - 98 0.014

MCH 
( )

21 15 - 29 24 16 - 31 0.015
(pg)

Hb-F (%) 95 35 - 97 31 0.5 - 97 < 0.001

(S. Ahmed et al, 2003)



0.36% Saline

(Yazdani & Ahmed 2007)





(S. Ahmed et al, NEJM 2002)



A Thalassaemia Screening Strategy

O t b ti f ilit iN ti

A Thalassaemia Screening Strategy

One tube osmotic fragility Negative

Positive Spouse normal

Negative

Spouse known carrier

fl MCV and  MCH * MCV >75 fl or MCH >25 pg

Hb-A2 estimation

MCV >75 fl or MCH >25 pg

MCV < 75 fl or MCH < 25 pg

2

Hb-A2 > 3.5% Hb-A2 3.0-3.4% or
Hb-A2 <3% and Hb <9 g/dl

Hb-A2 < 3.0% and Hb >9 g/dl

PCR Negative

Reassurance

No further investigationsPositiveCarrier

Counselling

(S. Ahmed 1998)



d b l f l fRBC Indices can be extremely useful in screening for 
thalassaemia
P i  k l d   f th  l l  l ti  d t  i    Prior knowledge of the local population data is an 
essential requirement
Simpler is betterSimpler is better
Good calibration of the instrument is important
O  t b   ti  f ilit    b     f l f  One tube osmotic fragility may be very useful for 
working in the field area 


