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Chapter 12 

 

 

 

 

 

 

 

Haemoglobin Studies 

The lab investigations of a genetic haemoglobin disorder should 

always start with history taking and physical examination of the 

patient. Information regarding ethnic origin, consanguinity, and 

family history should be documented. The history of recent blood 

transfusions is one of the most important piece of information in 

the investigation. A recent blood transfusion, or repeated blood 

transfusions can considerably or completely change the 

haematological picture. If the transfusion history is not available 

interpretation of the findings can become very difficult. As 

discussed in Chapter 6 there is no need to withhold blood 

transfusions in the hope that the picture would become clear. The 

history of blood transfusions should also include the frequency 

and the interval between transfusions. The lab features of 

thalassaemia major and thalassaemia intermedia are closely 

similar and their distinction can be made only by knowing the 

transfusion history. 

The haemoglobin studies are done in the following order:
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1. Complete blood counts. 

2. Examination of the peripheral blood smear. 

3. Reticulocyte count. 

4. Haemoglobin electrophoresis. 

5. Quantitative measurement of haemoglobin fractions. 

6. Sickling test (if required). 

7. Test for unstable haemoglobins (if required). 

8. Test for Heinz bodies (if required). 

9. Test for Hb-M (if required). 

Complete blood counts 

The blood counts provide valuable information about the genetic 

haemoglobin disorders. Haemoglobin, TRBC, MCV, MCH, and 

RDW are the most useful parameters. The tendency to jump at 

haemoglobin electrophoresis without looking at the blood counts 

can be misleading and should be avoided. A low MCV and MCH, 

though commonly seen in iron deficiency, are also the 

characteristic features of thalassaemia. Fancy calculations based 

on the red cell indices to distinguish between iron deficiency and 

thalassaemia trait are best avoided. MCV, MCH and RDW are the 

simplest and the most useful parameters for this purpose 

(Chapter 10). 

Blood smear and reticulocyte count 

A well stained peripheral blood smear can provide enormous 

amount of information. Too thin or too thick portions of the smear 

are not good for red cell morphology. The part of smear where 

the red cells are just overlapping each other is the best for RBC 

morphology. Besides the red cell morphology the smear also 

provides information about the white blood cells, and nucleated 

RBCs. 
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The reticulocyte preparation provides information about the 

reticulocyte count and inclusions like Hb-H and Heinz bodies.   

Haemoglobin electrophoresis 

Preparation of haemolysate 

The blood for investigations of genetic haemoglobin disorders is 

collected in EDTA. The haemolysate can be prepared by a 

commercial red cell lysing reagent or by distilled water using the 

following method: 

1. Wash the red cells three times in 3-4 volumes of normal 

saline. 

2. Add one volume of distilled water to two volumes of packed 

washed red cells. 

3. Add one volume of carbon tetra chloride (CCl4) and shake 

vigorously. 

4. Centrifuge at 3000 rpm for 15 minutes. 

5. The clear reddish supernatant is used as haemolysate. 

6. Hb concentration of the haemolysate should be around 10.0 

g/dL. 

7. The haemolysate can be kept at 4oC for a day or two. A drop 

of 0.3M KCN (20 g/L) can be added for longer storage. 

Electrophoresis 

Haemoglobin electrophoresis can be done on cellulose acetate 

membrane strips or on very thin agarose gels made on polyester 

films (GelBond®). Many commercial kits are available that use 

agarose on GelBond® films. A method for cellulose acetate 

membrane strips is described: 

1. Prepare Tris EDTA borate buffer (pH 7.9) as follows: 

a. Boric acid:   6.4 g 
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b. Tris aminomethane: 5.1 g 

c. Disodium EDTA:  0.3 g 

d. Distilled water:  up to 1.0 L 

2. Fill the chambers of the electrophoresis apparatus with 

buffer and equalize the buffer level in both compartments 

of the electrophoresis tank by gently tilting it (Figure 12.1). 

3. Apply filter paper wicks over the two bridges of the 

electrophoresis tank and carefully remove the air bubbles 

trapped below the filter paper wicks. 

4. Dip the cellulose acetate membrane strip in the buffer and 

keep for 5-10 minutes. 

5. Gently press the electrophoresis strip between two layers 

of a filter paper. Take care not to let the electrophoresis 

strip get dried. 

6. Place the electrophoresis strip across the two bridges 

ensuring good contact with the filter paper on the two 

bridges. 

7. Apply ~2 µl of the haemolysate with a pipette on the 

negative side of the electrophoresis strip. 

8. Wipe excess haemolysate from the strip with a piece of 

filter paper. 

9. Run electrophoresis at ~250 Volts for 20-30 minutes or as 

desired. Applying excessive voltage may cause burning of 

the strip. 

10. At the end of electrophoresis remove the strip from the 

chamber and immediately dip in fixative (3% tri-chloracetic 

acid) for 2-3 minutes. 

11. Transfer the strip to 0.2% Ponceau-S stain in 3% tri-chlor 

acetic acid and keep for 5-10 minutes. 
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12. Decolorize the strips in 2-3 changes of 5% acetic acid. 

Excess stain may also be removed from the strip by 

washing under gently running tap water. Wash till the 

background of the strip turns white. Be careful not to wash 

off the stain from the haemoglobin bands. The band of Hb-

A2 being very low in quantity can easily get washed by 

excessive washing. 

13. Dry the strip by pressing between two layers of a filter 

paper. The strips may be completely dried in an incubator 

at 37oC. At the end of drying the strips can be kept for 

record by covering with cellophane adhesive tape. 

14. Since haemoglobin is a coloured compound the 

electrophoresis results may be read without staining the 

strips. Some experience may be required in getting used to 

reading the strips without staining. The unstained and 

unfixed strips may be washed under running tap water to 

clear the haemoglobin bands and the strip can be reused for 

four or five times. 

 

 

Figure 12.1. A low cost apparatus for haemoglobin electrophoresis with 

DC power supply. The instruments were developed at the 

instrumentation division of Genetics Resource Centre, Rawalpindi, 

Pakistan. 
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Hb-A2 estimation 

There are many ways to measure Hb-A2 including cellulose 

acetate membrane electrophoresis (CAME) and elution, 

densitometry, capillary electrophoresis, and HPLC. The capillary 

electrophoresis and HPLC are accurate but expensive. These are 

useful for high throughput applications like population screening 

(Chapter 10). A cost effective method based on CAME for small 

labs is described: 

1. Separate the Hb-A2 on CAME as described above. 

2. Carefully cut the Hb-A and the Hb-A2 fractions with scissors 

and dip these in 20 ml and 4 ml of the electrophoresis 

buffer in two separate test tubes respectively. 

3. Leave the haemoglobin fractions to elute for 30 minutes. 

4. Read the absorbance (A) of each eluted fraction at 413 nm 

taking the buffer as blank. 

5. Calculate the Hb-A2 as follows: 

A413 Hb-A2 

% Hb-A2 = -------------------------------- X 100 

(A413 Hb-A X 5) + A413 Hb-A2 

Hb-F estimation 

The amount of Hb-F is commonly measured by the alkali 

denaturation method. The other methods include densitometry 

after electrophoresis and HPLC. The electrophoresis and 

densitometry are good for higher amounts of Hb-F but for amounts 

<10% a method based on resistance of Hb-F to alkali denaturation 

is better. 

Alkali denaturation method (Betke) 

1. Prepare cyanmet haemoglobin solution by adding 0.25 ml of 

red cell lysate to 4.75 ml Drabkin’s solution (Potassium 
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cyanide 25 mg; Potassium ferricyanide 100 mg; in 500 ml 

distilled water). 

2. Add 0.2 ml NaOH (1.2 M) to 2.8 ml of cyanmet haemoglobin 

solution. 

3. After exactly 2 minutes add 2.0 ml of saturated ammonium 

sulphate to neutralize the NaOH. 

4. Mix and wait for 10 minutes. 

5. Filter the contents and separate the clear denatured solution 

in a clean test tube. 

6. Prepare 25% standard solution by adding 0.7 ml of the 

cyanmet haemoglobin to 4.3 ml Drabkin’s solution. 

7. Read absorbance of the test and the standard at 540 nm. 

8. Calculate Hb-F by the following formula: 

A540 Test X 25 

Hb-F (%) = -------------------- 

    A540 Standard 

Sickling test 

1. Add one drop of blood in EDTA to 5 drops of freshly prepared 

2% sodium metabisulphite in a test tube. The sickling 

reagent should be freshly prepared otherwise the results 

may be compromised. 

2. Pour one drop of the mixture on a clean glass slide and place 

a cover slip on it. 

3. Completely seal the sides of the cover slip by molten wax or 

petroleum jelly. 

4. Look for the sickling under microscope after 2 hours. If the 

2 hour result is negative then look again after 12 hours. 
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Test for unstable haemoglobins 

1. The unstable haemoglobins are best detected in a fresh 

blood sample. An old blood sample may show false negative 

result. 

2. A positive control (cord blood) should be included with each 

test. 

3. Wash three times 2-3 ml of the test and the control blood 

samples. 

4. Take 1.0 ml of the test and the control washed packed red 

cells and lyse these with 5.0 ml of distilled water. 

5. Add 5.0 ml of Tris HCl buffer (Tris 18.2 g; HCl 42 ml and 

distilled water up to 1 L). 

6. Mix the contents and centrifuge at 3000 rpm for 20 minutes. 

7. Transfer 5.0 ml of the supernatant to a fresh set of tubes 

and place in water bath for one hour at 50oC. 

8. Positive result is shown by formation of a precipitate. In a 

negative result no precipitate is formed (Figure 12.2). 

 

 

Figure 12.2. Test for unstable haemoglobin. The left hand tube shows 

a precipitate indicating a positive result while the right hand tube shows 

a negative result. 
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Test for Heinz bodies 

1. Add one drop of whole blood to four drops of methyl violet 

(0.5% in normal saline). 

2. Keep at 37oC for 10 minutes and prepare a smear on glass 

slide. Examine under microscope as for the reticulocytes. 

The Heinz bodies may also be examined in a wet preparation 

of a drop of mixture placed on glass slide under cover slip. 

3. Heinz bodies stain intense purple as dots sticking to the 

inside of the red cell membrane. 

Test for Hb-H inclusions 

1. The test for Hb-H inclusions should be done on fresh blood 

sample in EDTA. The old or stored blood can give false 

negative result. 

2. Mix two drops of whole blood with one drop of 1% new 

methylene blue in normal saline. 

3. Incubate at 37oC for one hour. 

4. Make a film from the suspension on a clean glass slide and 

let it dry. Examine under oil immersion lens as for the 

reticulocytes. 

One tube osmotic fragility test 

The microcytic red cells are resistant to osmotic lysis. When 

placed in a hypotonic saline solution the normocytic red cells are 

lysed whereas the microcytic red cells are not lysed. Since 

thalassaemics have microcytosis one tube osmotic fragility test 

(OTOFT) may be used for initial screening of thalassaemia 

(Chapter 10). 

1. Prepare 0.36% saline solution by mixing 40 ml of 0.9% 
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saline solution (normal saline in infusion bottle) with 60 ml 

deionized distilled water. 

2. Take 5 ml of 0.36% saline solution in a large test tube with 

at least 2.0 cm width. 

3. Add one drop of finger prick blood (without EDTA), mix well 

and keep at room temperature for five minutes. 

4. Read the result by visualizing a printed material through 

the contents of the test tube (Figure 12.3). 

5. In a negative result the red cells are haemolysed and 

clearing of the solution allows reading of the printed 

material. In a positive result the red cells are not lysed and 

the contents of the test tube remain turbid. 

 

 

Figure 12.3. One tube osmotic fragility test (OTOFT) for microcytosis. 

In the left hand tube clearing of the contents due to lysis of the red cells 

(readable print) indicates a negative result. The right hand tube shows 

a positive result in which the contents are turbid due to the un-lysed red 

cells indicating microcytosis. 
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