Haematology

1 Sickle cell anaemia XE "Haematology: sickle cell anaemia" 
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1.1 Sickle cell anaemia, general 

In 1910 James Herrick reported elongated, irregularly deformed red blood cells in some anaemic patients. Their erythrocytes had all kinds of strange shapes, some in the shape of a sickle, hence the name “sickle cell anaemia". A great deal of research was carried out in order to understand what the cause was. Sickle cells are much less flexible than normal erythrocytes. They therefore have difficulty in passing through capillary vessels, the diameter of which is often less than half the diameter of a red blood cell. Sickle cells are also optically birefringent, which indicates a regularly ordered structure within the cell. Since the contents of a red blood cell consist mainly of haemoglobin (95% of the proteins), the presence of an abnormal haemoglobin was soon suspected. In 1949 Linus Pauling and co-workers discovered that sickle haemoglobin carries a more positive charge than normal haemoglobin and the two species could be separated by electrophoresis. Consequently it was possible to isolate and study the abnormal haemoglobin.

1.2 Sickle cell anaemia, haemoglobin
1.2.1 Haemoglobin structure

Each molecule of haemoglobin consists of a tetramer consisting of 2 pairs of polypeptide chains to which a total of 4 haem groups (one haem group per globin chain) is linked. One molecule of haemoglobin therefore contains 4 proteins. Hb A contains 2 globin chains of one type (alpha) and 2 globin chains of another type (beta). Each alpha chain contains 141 amino acids while each beta chain has 146 residues. The type and the sequence of these amino acids is genetically determined. Depending on which 4 chains are present in the haemoglobin tetramer, the molecule is given its name. 

*
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1.2.2 Haemoglobin S

The normal haemoglobins of a child or an adult are Hb A (97%), Hb A2 (2%) and Hb F (1%). Hb A contains 2 (-chains and 2 ß-chains. By a mutation in the genetic material (DNA), at various points in the chains a different amino acid than normal can be included. In 1957 Vernon Ingram in Cambridge discovered the mutation responsible for sickle cell anaemia. If by mutation, the 6th amino acid of the ß-chain (glutamic acid, negatively charged) is replaced by a different amino acid (valine, hydrophobic), Hb S is formed. As a result a hydrophobic site is formed on the outside of the folded mutated beta chain. With normal arterial oxygen tension there is no problem and the molecule transports the oxygen. In the capillary bed in the tissues the oxygen is released and deoxyhaemoglobin S is formed. This latter substance has several different properties. In deoxy-Hb S there is a second hydrophobic site on the surface. This site is concealed in oxy-Hb S. The site is complementary to the first. These two hydrophobic regions adhere to each other, resulting in a kind of polymerisation of the deoxyhaemoglobin S molecules. The hydrophobic valine on the surface makes the haemoglobin molecule somewhat less water-soluble if the molecule is not bound to oxygen. The concentration of haemoglobin in the erythrocyte (32-34 g%) does however require a very water-soluble molecule. The deoxyhaemoglobin S molecules start to come out of solution (precipitate). At low oxygen concentrations the deoxyhaemoglobin S molecules adhere to each other, forming long, rigid strands and thus deform the red blood cells making them more rigid. The molecules stick to each other in a definite pattern (like a crystal). This polymerisation reaction is relatively slow, giving a "delay time" or Td. The slower the circulation and therefore the longer the time before reoxygenation in the lungs, the more sickling occurs. Usually the transit time of a red blood cell in the microcirculation is less than Td and a major catastrophe is avoided.

*

The main variables that affect sickling are the intracellular haemoglobin concentration, pH, the level of oxygenation and the percentage of Hb F. Sickling is accelerated by lack of oxygen, slow blood circulation, acidification and dehydration (a situation which is common with infections). The consequence of acidification is that Hb releases oxygen more easily and is thus deoxygenated: shift to the right of the Hb oxygen binding curve [i.e. %Oxy-Hb vs O2 tension]. The reduction in oxygen affinity of haemoglobin caused by a decrease in pH is termed the Bohr effect or Bohr shift. The formation of rigid Hb SS strands is counteracted by Hb F (efficiency of polymerisation is reduced). People with high concentrations of Hb F have far fewer symptoms than patients with low Hb F concentrations.

*

Red blood cells can loose water (dehydrate) in different ways. As their water content falls, the haemoglobin concentration increases. Loss of potassium (intracellular ( extracellular) with intracellular dehydration as a consequence plays an important part. The following transport mechanisms are important: so-called potassium chloride cotransport and Ca++-mediated potassium efflux. Potassium chloride cotransport is promoted by acidification. Sickling temporarily increases the intracellular calcium concentration, with subsequent potassium loss and, secondary to this, water loss. These dense SS cells are deformed and contribute substantially to vaso-occlusion and haemolysis.

*

The sickling process also causes damage to various membrane proteins of the erythrocyte, thus promoting adhesion to the vascular endothelium. This makes circulation even more difficult. The degree of adherence is closely correlated to the severity of the disease. If there is inflammation, this “stickiness” can increase even more.

*

An aspect of sickle cell disease that is not yet well understood is that despite the fact that the disease is based on a single mutation that substitutes a single amino acid in one protein chain in one cell type, there is a huge range of clinical manifestations. There are therefore clearly other additional factors that play a part, besides the tendency of haemoglobin S to polymerise under hypoxic conditions. One hypothesis is that the interaction between the sickle cells and the vascular endothelium plays a crucial part. Endothelial cells can be "activated", i.e. they can express all kinds of molecules on their membrane, under the effect of various inflammatory substances (cytokines, prostacyclins, etc). Such cells become "sticky" and promote local haemostasis (and possibly thrombosis). Sickle cell patients have a clearly increased number of activated circulating endothelial cells in their blood, mainly derived from the microcirculation. Individual variation in the expression of adhesion molecules may play a part in the variable clinical manifestations. There is also an increase in the number of adhesion molecules on the red blood cells. The local production of NO by the damaged endothelium falls.

*

Nitric oxide (NO) produced by endothelial cells causes vasodilatation (effect is concentration dependent).  NO reacts at least 1,000 times more rapidly with haemoglobin in free solution than with haemoglobin inside erythrocytes (NO reacts both with oxyhaemoglobin and deoxyhaemoglobin). Free haemoglobin in plasma will scavenge NO, thereby diverting nitric oxide from its homeostatic vascular function. This reduced bioavailability plays a role in the vascular pathology of sickle cell disease.

*

What are the consequences of sickling?
· Sickle cells rapidly haemolyse. As a result, anaemia occurs: sickle cell anaemia. 

· Sickle cells are rigid and obstruct the microcirculation. As a result, small or large infarctions can occur.

· Tissues with poor blood circulation can be infected more easily.

· Due to splenic atrophy, resistance to certain pathogens is reduced.

1.3 Sickle cell anaemia, geographical distribution
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The sickle cell gene occurs in large parts of Africa and to a somewhat lesser extent in the Middle East (Saudi Arabia) and southern India. In West Africa, 5 to 25% of the population are carriers of the gene. In Central and East Africa heterozygotes occur with a frequency of from 20 to 40%. If 20% of the population are carriers of the gene, it follows that 1% of newborn children will be homozygous. Through the slave trade the sickle cell gene also found its way to North and South America. 

*

Heterozygous carriers are relatively protected against fatal P. falciparum malaria. They are of course infected just as often, but are less likely to die from the infection. If the malaria parasite is present within the erythrocyte, the red blood cell acidifies slightly. This is enough to promote sickling. Because of the damage to the membrane that then occurs, potassium flows out of the red blood cell, which is damaging to the parasite and the erythrocyte. The red blood cell is rapidly destroyed, for example in the spleen (heterozygotes have a normal spleen). Since heterozygotes in an endemic malaria area have a longer life expectancy than people with normal haemoglobin, it is thought that this has promoted the occurrence of sickle cell haemoglobin in Africa over the course of evolution. On the other hand, homozygous Hb S people have a very low life expectancy. There will therefore be a genetic equilibrium (see Hardy Weinberg equilibrium).

1.4 Sickle cell anaemia, physiopathology 
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1.5 Sickle cell anaemia, heredity

Sickle cell anaemia is a genetically determined disease. A distinction is made between three main groups: homozygotes, heterozygotes and double heterozygotes.

1.5.1 Heterozygosity (“sickle cell trait”)

If someone has both a normal gene (from one parent) and a mutated gene (from the other parent), he or she produces both the normal haemoglobin (Hb A) and also the sickle cell haemoglobin (Hb S). The patient has about 2/3 Hb A and 1/3 Hb S. The person is then a carrier (heterozygote) and each red blood cell contains both Hb A and Hb S. Such erythrocytes are functionally normal and have the advantage that they provide relative protection against fatal Plasmodium falciparum infection. This explains the frequent occurrence of this condition in Africa (so-called sickle cell trait). Such heterozygotes lead a normal life. But they may well pass the gene on to their children.

1.5.2 Homozygosity

If a patient has two identical mutated genes (homozygote), he or she cannot produce Hb A. After birth, the Hb F concentration falls and after 3 to 6 months, the red blood cells contain mainly haemoglobin Hb S. This has very important consequences.

Probability per child of having the different haemoglobins:

· Parent Hb AA x Parent Hb AS --> 50% probability of Hb AA and 50% probability of Hb AS

· Parent Hb AS x Parent Hb AS --> 25% probability of Hb AA, 25% probability of Hb SS and 50% probability of Hb AS

· P.S. Do not confuse haemoglobin with blood groups

1.5.3 Double heterozygotes

There are some important situations:

1. Sometimes a child has both a sickle cell gene and also a gene for haemoglobin C. It then has both haemoglobin S and haemoglobin C (Hb SC). Doubly heterozygous people suffer a less serious course of the disease than homozygous sickle anaemia patients. They have a clearly increased risk of eye damage (retinitis proliferans), necrosis of the head of the femur, haematuria and complications during pregnancy (pulmonary infarction, fat embolism after bone marrow infarction!).
2. An abnormal haemoglobin that is very similar to Hb C is Hb OArab. Double heterozygotes with both Hb S and Hb OArab have more symptoms than those with Hb S and C.
3. The heterozygosity of Hb S/ß-thallassaemia can cause diagnostic problems. An examination of both parents often provides a solution here. One parent has classic Hb AS and the other usually has Hb A + A2, but with a raised Hb A2 level (because ß-thalassaemia involves an underproduction of ß-chains, this is partly compensated for by increased production of delta chains (present in Hb A2) that are similar to beta chains. In such patients there is about 60-65% Hb S and 30-35% Hb A, the reverse proportions to those that occur in sickle cell trait.

1.6 Sickle cell anaemia, clinical overview

Vaso-occlusive complications

Pain episodes
in more than 70% of patients.

CVA
in 10% of children; 

“silent” lesions with cognitive damage in 50-90%.

Acute chest syndrome
in 40% of patients, more often in children.

Priapism
in 10-40% of men. Severe cases lead to permanent dysfunction.

Liver disease
in <2%. Multiple causes: hep B, C, iron overload.

Spleen sequestration
in children < 6 years of age. Often preceded by infection.

Spontaneous abortion
in 6% of pregnant women; less frequent in Hb SC.

Skin ulcers (leg)
in 20% of adults; less frequent in Hb SC

Osteonecrosis
in 10-50% of adults (often femur, humerus)

Proliferative retinopathy
rare in sickle cell anaemia; in 50% with Hb SC.

Renal insufficiency
in 5-20% of adults, often with severe anaemia

Complications of haemolysis

Anaemia
haematocrit often 15-30%, higher in Hb SC.

Gallstones
in the majority of adults, usually asymptomatic.

Acute aplastic crisis
due to parvovirus B19. Sudden severe anaemia.

Infectious complications

Streptococcus pneumoniae XE "Streptococcus pneumoniae: haematology, sickle cell anaemia, clinical overview"  
septicaemia in 10% of children < 5 years.

Osteomyelitis
often by Salmonella and Staphylococcus aureus XE "Staphylococcus aureus: haematology, sickle cell anaemia, clinical overview" .

Escherichia coli septicaemia
In adults often originating from infection of the urinary tract.

*

Note: Parvovirus B19

The name parvovirus B19 was given to a particular minute virus. There is no parvovirus B18 or B17 etc. Its nearest relatives are the replication-defective dependoviruses. The receptor molecule for parvovirus B19 is tetrahexosoceramide, a glycolipid (erythrocyte P antigen), which explains the cell tropism of this virus. Infection by this virus is followed by an acute depression in the production of red blood cells in the bone marrow. This is a transient event which is usually not of great clinical significance except in patients with severe haemolytic conditions. When the depression of the bone marrow lasts longer than the average life time of the red blood cells, severe anaemia will develop.

*

Parvovirus B19 causes so called "fifth disease". It is an illness characterized by a mild rash and occurs most commonly in children. The ill child typically has a "slapped-cheek" rash on the face and a lacy red rash on the trunk and limbs. Occasionally, the rash may itch. The  child usually has a low-grade fever, malaise, or a "cold" a few days before the rash becomes apparent. The child is usually not very ill. Pet dogs or cats may be immunized against "parvovirus," but these are animal parvoviruses that do not infect humans. Therefore, a child cannot "catch" parvovirus from a pet dog or cat, and a pet cat or dog cannot catch human parvovirus B19 from an ill child. Non-immune adults can also be infected.   The person can be asymptomatic or develop the typical rash of fifth disease, with symmetrical joint pains and/or joint swelling. Most frequently affected are the hands, wrists, and knees. The joint pains and swelling usually resolve in a week or two, but may last several months. This should be distinguised from infections with hepatitis B or arboviruses such as Ross River virus or Barmah Forest virus.

1.7 Sickle cell anaemia, clinical presentation
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Individuals with sickle cell trait are generally asymptomatic and have no abnormal physical findings. Their laboratory evaluation often shows microcytosis, but is further normal with no anaemia, no evidence of haemolysis, and no laboratory abnormalities other than haemoglobin AS on haemoglobin electrophoresis. Many individuals will have decreased ability to concentrate their urine. There may be an increased incidence of urinary tract infection during pregnancy. Painless haematuria does occur in 1 to 4% of individuals with sickle cell trait. This complication is usually not a significant problem, however, a small minority of individuals may have recurrent haematuria requiring medical intervention, transfusion, and iron therapy. Complications such as splenic infarction, pain episodes, and sudden death may be induced by severe hypoxia, severe dehydration, and exertion at the limits of human endurance, e.g. at high altitudes.

· Dehydration (heat stroke) is to be avoided. Heterozygous soldiers who undergo intense physical training and overheat and dehydrate have a greater risk of sudden death (x 20). Great exertion in high mountains should be avoided.

· Double heterozygotes (Hb SOArab, Hb SC, Hb S/ß-thal) display less serious symptoms than homozygotes. In contrast to older homozygous Hb SS patients, double heterozygotes may have splenomegaly.

· Homozygous Hb SS patients with a congenital persistence of high % Hb F often have few symptoms (this is common in eastern Saudi Arabia and in central India). The high Hb F content prevents extensive polymerisation of deoxy-Hb S.

· Homozygous (Hb SS) children with little Hb F have the clearest symptoms. The symptoms result from haemolysis, thromboses, infections and acute haematological crises. In rural Africa only a few survive beyond puberty. In the first few months after birth the baby is virtually normal (the Hb F concentration is still high). The first problems start at about 3 to 6 months.

1.7.1 Haemolysis
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Chronic haemolysis manifests itself as pallor, mild jaundice, dark urine and retarded growth. There is hypertrophy of the bone marrow, which can often be seen in the cranium and the maxillae. But the expansion of the bone marrow is less pronounced than in homozygous ß-thalassaemia, possibly because less erythropoietin is produced than expected due to repeated kidney damage. Due to the constant interruption in the blood flow and the production of bilirubin, bilirubin gallstones are produced at a very young age (such stones are often not radio-opaque). There is splenomegaly up to about 5 years (afterwards there is atrophy because of the repeated infarctions of the spleen). The expansion of the bone marrow can usually be seen clearly by frontal “bossing”, a pronounced curving of the forehead and by widely spaced teeth in the jaws. On an X-ray of the cranium, small canals in the diploë of the vault of the cranium and are known as a “hair-on-end” appearance.

1.7.2 Acute haematological crisis

Haematological crises sometimes occur. In children aged from 6 months to 3 years the spleen can sometimes swell acutely (sequestration of blood in the spleen), with sudden anaemia, hypovolaemia and shock as a result. Many do not survive this. Due to infections, such as malaria for example, hyperhaemolysis can occur. After certain viral infections (parvovirus B19) a period may follow during which the bone marrow does not form any new red blood cells (aplastic crisis). Bone marrow arrest can also occur if there is a marked folic acid deficiency.

1.7.3 Thrombosis

Thrombotic crises are triggered by oxygen deficiency in the tissues, acidosis, slowed circulation, cold, dehydration, etc. For example: infections, fever, hypothermia, trauma, abortion. This is manifested most commonly as episodes of pain, but also, among others, as kidney infarctions (haematuria, papillary necrosis), priapism, atrophy of the spleen, bone necrosis (head of the femur, head of the humerus, metacarpals, vertebrae), CVA, chronic skin wounds (mainly on the shins), and proliferative retinopathy. Hand-foot syndrome is sometimes the first clinical manifestation. The child then has acutely painfully swollen hands and feet. Chronic damage to the vertebrae leads to biconcave vertebrae ("fish vertebrae") with a typical appearance on X-ray. Patients can develop a marfanoid appearance [bodyshape can resemble Marfan, Klinefelter (XXY) and Stickler syndrome (marfanoid, but with vitreal degeneration and cleft palate)]. Due to kidney damage, patients with sickle cell anaemia usually have difficulty in concentrating their urine and are susceptible to dehydration. Hyposthenuria may become evident in childhood as enuresis. Glomerular sclerosis, manifested by proteinuria, progresses as patients age. Proteinuria is a potential harbinger of chronic renal failure but can be ameliorated by angiotensin converting enzyme inhibitors. Chronic renal failure occurs in up to 5% of patients with sickle cell anaemia. In case of haematuria, renal medullary carcinoma should be excluded, although it is not yet clear if there is an increased risk. Pulmonary infarctions contribute to acute chest syndrome, with pain, dyspnoea and a poor general condition. Children often feel pain and distress. The sequelae are often considerable. Small cerebral watershed infarcts may be clinically silent but produce cognitive defects shown by neuropsychiatric testing. Patients may also present with cerebral haemorrhage secondary to berry aneurysms and "moya-moya" vascular abnormalities, more commonly seen in adults. Hemiplegia can result from a cerebral infarction. Most patients with brain injury require long term transfusion therapy. Those children should be considered for bone marrow transplantation.

1.7.4 Eye problems

Ophthalmological problems tend to be more common in patients with high concentrations of haemoglobin (higher viscosity). Symptomatic disease usually occurs in adults. Occlusion of small retinal vessels with neovascularisation is asymptomatic until haemorrhage occurs within the vitreous.  Detachment of the retina, more common in late disease, is a feared complication, and an important cause of blindness, together with occlusion of the central retinal artery. If possible, the patient should be evaluated on a yearly basis by an ophthalmologist. Fluorescein angiography followed by laser photocoagulation is an effective and safe treatment for retinal detachment. Occlusion of the central retinal artery leads to acute loss of vision. This is a medical emergency, for which urgent transfusion is imperative. 

*

Angioid streaks in sickle cell anaemia are common in the second and third decade. Those grey, brownish-red poorly defined streaks radiate across the fundus of the eye, lying beneath the retina and the blood vessels. The streaks are caused by breaks in the elastic tissues in the back of the eye. They appear similar to the changes one can see in pseudoxanthoma elasticum and Paget's disease of the bone, but in sickle cell disease, Bruch membrane calcification is not a common part of the pathology. If complications are likely, photocoagulation can be performed by an experienced ophthalmologist.

1.7.5 Autosplenectomy
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Because of the repeated infarctions of the spleen, sickle cell anaemia patients over the age of 5 years no longer have a functioning spleen. The spleen remnant will be small and fibrotic. The spleen plays an important part in protecting against bacteria. Asplenic children are very susceptible to bacterial infections, including pneumococci (i.e. encapsulated bacteria, Streptococcus pneumoniae). Osteomyelitis caused by, among others, Salmonella and staphylococci, is common. Often it is difficult to distinguish between, for example pulmonary infarction and pneumonia, and between osteomyelitis and bone infarction. Local tissue infarctions and infections occurring together promote each other.

1.7.6 Acute chest syndrome

About 40% of sickle cell anaemia patients develop acute chest syndrome during their lives. This syndrome consists of a collection of problems, such as acute chest pain, dyspnoea, coughing, fever, hypoxaemia (average PaO2 71 mm Hg), leukocytosis and pulmonary infiltrates, mainly in the inferior lobes. This can develop into a full-blown ARDS (Acute Respiratory Distress Syndrome). People with chronic leukocytosis, high haemoglobin concentrations and a low Hb F concentration are at greater risk. Painful vertebrae, sternum and rib infarctions together with microvascular thrombosis and endothelial damage contribute to the development of acute chest syndrome. Bone marrow infarctions followed by fat embolism play a part. At necropsy, in 75% of fatal cases bone spicules are found in the lung. In 60% of patients with acute chest syndrome, fat-loaded macrophages are found in the broncho-alveolar fluid. Bone infarctions can be detected by bone scintigraphy with Technetium 99m medronate. [The "m" in Technetium 99m refers to "metastable" and indicates a high-energy nuclear isomer of this element. The exited nucleus has a half-life of 6h, reverting to ground level Tc99 which has a half-life of 212,000 years. Because of this short half-life it has to be produced from Molybdenum99 just before using it]. This radioactive tracer is taken up by osteoblasts that are mobilised to repair the damaged bone. This sort of scan can of course only be carried out in large centres. Because of the pain in the chest wall, patients are able to breathe less deeply (“splinting”) with hypoventilation, atelectasis and perhaps surinfection as a result. Hypoxaemia increases the adhesion of red blood cells to the endothelium, via the increased expression of the adhesion molecule VCAM-1 on the endothelium, which binds to protein α4β1 on the red blood cell. Breathing in regularly, as deeply as possible, is an important part of the treatment (“incentive spirometry”). The patient is asked to breathe in deeply 10 times and to do this every two hours while awake. The role of opioids in promoting hypoventilation is unclear, but probably not very important. If the pain cannot be alleviated with opioids in the first 24 hours after admission, treatment can be continued by switching to mid-thoracic epidural block. This increases the inspiratory capacity considerably, and within just a few minutes. By administering corticosteroids, one tries to reduce the inflammatory component in the pleura lying against the rib infarction in acute chest syndrome. The administration of oxygen, antibiotics and standard or exchange transfusion completes the treatment. The possible therapeutic role of breathing NO (nitric oxide) still has to be studied in more detail. In a good hospital, the mortality of acute chest syndrome is 2% for children and 5% for adults. 

*

During periods of unobstructed blood flow in patients with sickle cell disease, the blood contains several types of red cells: biconcave disks that, despite their normal shape, may be poorly deformable; cells that are irreversibly sickled even when oxygenation is adequate; and reticulocytes that are highly adhesive to endothelium and have a distinct, somewhat wrinkled appearance. Adhesive sickle cells can initiate vaso-occlusion by becoming attached to the endothelium of vessel walls. Thereafter, poorly deformable red cells begin to accumulate behind the site of adhesion, ultimately resulting in an occluded vascular segment containing many sickled red cells. 

*

1.7.7 Pulmonary hypertension

Pulmonary hypertension is a feared complication in chronic and severe haemolytic anaemias, such as thalassemia major, congenital sferocytosis and paroxysmal nocturnal haemoglobinuria. Pulmonary hypertension occurs in about one third of all patients with sickle cell disease. Chronic haemolysis and asplenia are considered to be the links between the haemolytic anaemia and the high intravascular pressures and oblitarative changes. Asplenia increases the circulation of platelet-derived mediatiors, which promotes pulmonary microthromboses and adhesion of erythocytes to the endothelium. Haemolysis results in the release of free haemoglobin, which scavenges nitric oxide and catalyses the formation of reactive oxygen species. Cell breakdown also releases red-cell arginase, which limits the availability of arginine to nitric oxide synsthetase, resulting in a relative deficiency of nitric oxide. Nitric oxide (NO) is a very important regulator of vascular tone. Routine clinical and laboratory findings are not sensitive enough to pick up the early changes. Echocardiography can identify people who have tricuspid regurgitant jet velocity of more than 250 cm/second. This measurement correlates well with the development of pulmonary hypertension.

1.8 Sickle cell anaemia, diagnosis

1.8.1 Laboratory

Heterozygotes 

Since normal and mutated beta chains are produced equally rapidly, it might be expected that heterozygotes would have ±50% Hb S and ±50% of Hb A. However, because alpha chains bind somewhat more easily to the normal beta chains than the mutated forms, there is a relative excess of mutated beta chains in the tetramers. The excess mutated chains are then destroyed. As a result, most heterozygotes have about 35% Hb S rather than 50%, and about 65% Hb A. The diagnosis of sickle cell trait is established by haemoglobin electrophoresis, isoelectric focusing or HPLC.

*

Homozygotes
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There is severe anaemia (usually Hb 6-9 g%) with considerable reticulocytosis. A blood smear of a homozygote shows a great many sickle cells, in contrast to that of a heterozygote. The diagnosis can be confirmed by haemoglobin electrophoresis. On electrophoresis it can be seen that most of the haemoglobin consists of Hb S (often more than 80%); the remainder consists of Hb F and Hb A2. Of course, no Hb A can be found. There is often thrombocytosis and leukocytosis.

*

A sickling test can also be carried out in vitro (Emmel’s test). In this, a drop of blood is placed on a glass slide. This is covered with a coverslip and the edges are sealed with some vaseline (no more contact with the air). As time goes by and the oxygen in the blood falls further (due to the metabolism of the cells), red blood cells will sickle. This test can be accelerated by adding a drop of sodium metabisulphite to the blood.

1.8.2 Prenatal diagnosis

Since Yuet Wai Kai and Dozy in 1978 carried out the first direct analysis of foetal DNA for the prenatal diagnosis of sickle cell anaemia, there has been an explosive growth in this science (looking for polymorphism via restriction enzymes, hybridisation techniques, PCR). Hb S (ß6 Glu(Val) is caused by a A(T substitution in the second nucleotide of the sixth codon of the ß-globin gene. The mutation destroys the identification site of restriction endonucleases such as Mnl I and Dde I. These hi-tech techniques are at present beyond the reach of third world countries. 

1.8.3 Foetal tissue sampling

Analyses are performed on DNA from foetal cells obtained by chorionic villus sampling (CVS) in the first trimester, perhaps as early as the 10th gestational week. As an alternative approach, amniocentesis under echographic guidance can be performed safely in the l6th gestational week, a time when there is sufficient amniotic fluid. These sampling methods result in a far lower rate of foetal demise than the foetal blood sampling method practiced previously, and their use now is nearly universal. It is common practice to initiate tissue culture as a backup source of foetal DNA in case insufficient DNA for analysis is obtained initially. The emphasis on methods of early sampling to safeguard against unacceptable delays in diagnostic testing have encouraged the use of CVS as the method of choice for foetal sampling. However, the use of CVS before 9 weeks’ gestation is associated with increased rates of limb reduction anomalies. Moreover, when CVS is used for sampling, confined placental mosaicism may result in mistaken diagnoses of heterozygosity in homozygous fetuses. CVS is not recommended until after 10 weeks’ gestation, and diagnoses of heterozygosity must be confirmed by amniocentesis later in pregnancy. 

*

Assaying foetal cells in the maternal circulation offer hope for safer sampling in the future. Foetal blood sampling is used only in centers where DNA-based testing is unavailable. The Hb S and Hb C genes can be detected directly in foetal DNA samples. Tests using polymerase chain reaction (PCR) provide are sensitive, rapid and simple.  PCR provides greater amounts of DNA for analysis, often obviates the wait for tissue culture growth, and shortens the time for diagnosis to days rather than weeks.

1.9 Sickle cell anaemia, treatment

1.9.1 General

Apart from bone marrow transplantation, there is no curative therapy at present. Haematopoietic stem cell therapy and gene therapy remain possibilities for the future. The suffering of children can however be lessened. An important new development is the possibility of stimulating the induction of haemoglobin F by drugs. Hb F contains gamma chains instead of beta chains (structure (2 (2 ). Hb F has a greater affinity for oxygen than Hb A. This helps the foetus to draw oxygen from the mother’s blood. The reason for this increased affinity is that Hb F binds 2,3-diphosphoglycerate less strongly than Hb A. [See oxygen dissociation curve: H+, CO2 and 2,3-DPG shift the curve to the right and thus promote the release of oxygen to the tissues forming deoxy-Hb]. Hb F inhibits the polymerisation of deoxy-Hb S. This inhibits the sickling of red blood cells. In Bedouins in Saudi Arabia and in India there are many people with Hb SS and congenital persistence of haemoglobin F. They have few clinical problems. This is why efforts are made to use various drugs (alone or in combination) to increase the level of Hb F. After birth, the genes for the gamma chains are less active because they become methylated. This is reversible however. First of all 5-azacytidine was tested, an antineoplastic substance that interferes with DNA methylation. This product increases the concentration of Hb F. This is no longer used. The cytotoxic drug hydroxyurea XE "Hydroxyurea: sickle cell anaemia, treatment"  (Hydrea®) was recently approved by the American FDA for the treatment of sickle cell anaemia. It stimulates the expression of the gamma globin chain genes. It can be used in prevention (not in an acute crisis). The toxicity is known from its use in myeloproliferative disorders, but acceptable (mainly leukopenia, 80% of people). At present there are no indications of an increased incidence of chromosomal abnormalities or leukaemia in people who have used hydroxyurea for two years. Hydroxyurea clearly reduces the frequency and the severity of the attacks. The optimum dosage and duration still has to be determined individually (? 15 mg/kg/day as a starting dose – to be increased in steps according to the clinical symptoms; 1 to 1.5 gram/day is often necessary). The effect of hydroxyurea can only be seen after several months. About a third of patients treated with hydroxyurea show no increase in the Hb F. If there is no response within 3 to 6 months, the medication should be discontinued. It is possible that hydroxyurea works by mechanisms other than an increase in the Hb F. There is a clear correlation between the number of white blood cells and the pain crises. It is possible that the mild neutropenia caused by hydroxyurea in this way contributes to the clinical response. Patients who take hydroxyurea often report a more rapid improvement than can be explained by the increase in foetal haemoglobin. This may be due to the fact that hydroxyurea is oxidised by haem and therefore NO is produced. There is also a reduced expression of adhesion molecules (e.g. VCAM-1), as a result of which red blood cells adhere less easily to the endothelium. The SS cells become less “sticky” during therapy with hydroxyurea. 

1.9.2 Maintenance treatment

· The patients have a greater need for folic acid. The optimal dose is not known for certain, but most clinicians will give 5 mg per day as a supplement. It is important to check vitamin B12 status, in order not to mask a cyanocobalamine deficiency.

· Penicillin prophylaxis considerably reduces the number of infectious episodes. Often the acid-resistant penicillin V or clomethocillin 125 mg BD for children up 3 years of age is given per os. After that 250 mg BD up to the age of 5 years is advised. Alternatively, IM benzathine-penicillin 1 x per month is used. Older children and children with Hb SC with normal spleen function generally do not require antibiotic prophylaxis.

· Many sickle cell anaemia patients often have persistent leg wounds. Many sickle patients tend to be zinc deficient, possible via excesive renal excretion. Zinc is a trace element needed for certain enzymes, including some who are important in wound healing. Zinc deficiency makes wounds heal more slowly. Zinc sulphate or zinc acetate per os (e.g. 30 mg per day) can help here. 
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· Vaccination against pneumococci is advised, but generally stocks are not available in third world countries. The 7-valent pneumococcal conjugated vaccine is suitable for infants and toddlers and the 23-valent vaccine preparation for children over 2 years. Immunisation against influenza is also advised. The vaccine Pneumune® contains the purified capsule polysaccharides of 23 serotypes of Streptococcus pneumoniae and is administered by a single SC or IM injection. A booster is indicated after 3 to 6 years (usually 5 years). Pneumovax® is an alternative.

· Every patient must have at home a stand-by broad-spectrum antibiotic such as amoxycillin. Azitromycin can be used in case of penicillin-allergy. He or she takes this at the first signs of infection (the patient sometimes lives a long way from a hospital).

· Malaria prevention is indicated in an endemic area, in view of the fact that an attack can have a fatal course.

· Do not overlook tetanus vaccination.

· Children older than 2 years should be screened yearly by transcranial Doppler ultrasonography. In older patients, yearly eye control (sickle cell retinopathy) and echo cardiography (pulmonary hypertension) is advisable.

· Angiotensine converting enzyme inhibitors are advised in case of proteinuria, in order to preserve renal function.

· Preventive transfusions are a double-edged sword and are not given routinely. With transfusions the haemoglobin level can be kept at a higher level, which reduces the consequences of anaemia. This also reduces the concentration of Hb S in the blood, thus reducing the risk of complications. There are indications for example that in high-risk children (those with cerebral blood flow rates of >200 cm/second, measured with transcranial doppler), the risk of thrombosis of the brain is reduced by 90% if transfusions are given periodically (prevention of repeated CVA). There is however the risk of hepatitis B and C and AIDS. Also, repeated transfusions gradually cause severe transfusion reactions. It is best always to give blood that is low in leukocytes. Since in the long term there will be sensitisation to the minor blood groups, the red blood cells in later transfusions will be destroyed very quickly. Slow iron poisoning also occurs, damaging the heart, the liver and some endocrine organs (pancreas, testis). Chelation therapy with deferoxamin is difficult. In the case of acute aplastic crisis (triggered by infection with parvovirus B19) and splenic sequestration crisis, transfusions are essential. They are also important in acute chest syndrome. Exchange transfusions are also a therapeutic option.

· Hydroxyurea (= hydroxycarbamide, Hydrea®). Usually 500 mg three times daily is given in order to raise the level of haemoglobin F to above 15%. Regular checking of the number of white blood cells is indicated. Pregnancy is a contra-indication.

· Heredity should be explained to the parents so that they have the correct information in order to decide whether or not to have another child. If both parents are carriers, the probability of a normal child (Hb A) is 25%, the probability of a healthy heterozygous child is 50% and the probability of a homozygous Hb S child is 25%.

1.9.3 What should be done in the event of a sickle cell crisis? 

Antibiotics, transfusions (normal or exchange transfusion), oxygen, pain control with paracetamol-codeine, ibuprofen or morphine analogues. Hyperbaric oxygen therapy (“caisson”) is usually not available. Sufficient fluid should be administered because the kidneys have difficulty in producing concentrated urine. Often 3 to 4 litres a day are given (adults), if possible orally, otherwise IV. Severe acidosis is best corrected quickly, but conservatively, with bicarbonate, although no spectacular results can be expected. Wound healing, surgery in the case of osteomyelitis and a need for convalescence after CVA depend on the clinical context. Incentive spirometry is important in acute chest syndrome. In the case of rib or tissue infarctions, and also in chest disorders, it is important that the patient is urged to breathe deeply (10 maximum inspirations) at regular intervals, e.g. every two hours. This prevents atelectasis. Dexamethasone reduces inflammation of the pleura (area lying against rib infarction). Haematuria caused by a sickle cell crisis can be improved by the diuretic furosemide (Lasix®). The administration of hypotonic fluid also brings about an improvement. Both cause a fall in the osmotic substances in the kidney, as a result of which sickling occurs less quickly. The polymerising of Hb S is promoted strongly by dehydration. The higher the salt concentration in the blood, the more quickly the cells sickle. Desmopressin (DDAVP) is a substance which among other things lowers the salt content in the blood (hyponatraemia). By osmosis the red blood cells swell somewhat and the concentration of deoxy-Hb S falls. It is given as nasal spray/drops (0.1 –0.4 ml per day) or can be given IM or IV (1 to 4 (g per day; 1 ampoule = 1 ml = 4 (g). The price is however too high for developing countries. Moreover, its therapeutic role is controversial.

1.9.4 Priapism

Priapism is a persistent and painful erection [Lat. priapus, God of procreation]. It is not associated with sexual stimulation. It is an important complication of sickle cell disease. By adulthood, 90% of males with sickle cell anaemia will have had a least one episode of priapism. Other causes of priapism are leukaemia, multiple myeloma, tumour infiltration, amyloidosis, CO poisoning, lesions of the spinal cord, “high-flow” priapism secondary to an arterial rupture and the side-effects of some medications (excessive use of papaverin, phentolamin, prostaglandin E1 and other drugs). The blood that flows into the corpora cavernosa of the penis has difficulty leaving the organ due to venous thrombosis. Because of acidification and hypoxia, sickling of red blood cells increases still further. The corpus spongiosum of the glans and the area round the urethra are not involved. If priapism persists longer than 4 hours, surgery is definitely required. Persistent priapism (>24 hours) results in fibrosis and impotence. As an initial treatment the patient can be made to go up and down stairs in order to divert blood flow to the leg muscles (the “steal mechanism” principle) or have external compression of the perineum applied, perhaps with ice. General measures such as hydration, (exchange) transfusion and analgesics are necessary. Pharmacologically, an intracavernous injection with the alpha agonist phenylephrine can be administered at 100-500 µg per dose, to be repeated. It is best to prepare a diluted infusion (10 mg in 500 ml in a 0.9% physiological saline solution) and use 10-20 ml of this every 5-10 minutes for intracavernous administration. The needle must be placed laterally in the penis so as to avoid damage to the urethra and the nerve bundle. A nerve block to the base of the penis can be carried out with 1% xylocaine without adrenaline (syn. lidocaine without epinephrine). About 20-30 ml of blood can be aspirated by inserting a 19G or 18G needle for 2 to 10 hours. Sometimes treatment can be carried out successfully with terbutaline (Bricanyl®), a selective β2-agonist that is administered orally (5 mg) or subcutaneously (0.25-0.5 mg). Methylene blue (1-2 mg/kg slow IV) can be used, but can cause haemolysis in G6PD-deficient people. If the measures described above are not effective, surgery must be carried out.

1.9.5 What happens if an operation is carried out? 

Many homozygous sickle cell patients have to undergo surgery due to complications of their illness (mainly cholecystectomy or orthopaedic surgery) or for other reasons. Perioperative complications are common in patients with sickle cell anaemia. During anaesthesia, the operation itself and in the post-operative phase hypoxia must be avoided. Perioperative hypoxia, tissue hypoperfusion and acidosis can trigger vaso-occlusive crises and cause organ dysfunction (mainly acute chest syndrome and pain crises). Pre-operatively, an exchange transfusion can be given. Aggressive transfusion can be carried out in order to try to bring the Hb S% below 30%. It is probably better to transfuse conservatively with fewer blood units (to bring the Hb to about 10 g% or haematocrit = 30%). This is also effective in preventing problems and results in fewer complications (severe haemolytic reactions, considerable alloimmunisation, infections).

1.9.6 Prenatal

It is best to keep the mother’s haemoglobin level above 12 gram % (by transfusions). Pregnant homozygous sickle cell anaemia patients are rare in Africa. Hydroxyurea is contra-indicated in pregnancy. 

1.9.7 New possibilities and experimental data

· Increasing the production of gamma globin chains by arginine butyrate, phenyl butyrate and phenyl acetate is experimental. This information is based on the discovery that children born of diabetic mothers have a delayed switch from foetal to adult haemoglobin. Diabetics have increased concentrations of butyric acid (ketosis). It has indeed been discovered that these butyric acid derivatives (butyrates) were responsible for the phenomenon. Increased concentrations of foetal haemoglobin have also been found in people with urea metabolism disorders who were being treated with butyric acid derivatives. Butyrate is not toxic to bone marrow. These products are still experimental. Initial results of continuous administration have not been positive. Arginine butyrate in pulse therapy 1 to 2 times per month has been studied and here the results were encouraging. 

· Growth factors such as erythropoietin can increase Hb F, but the results are not so clear cut. So far there is no convincing benefit. Increased viscosity of the blood may in theory increase the risk of thrombosis.

· Research is currently being carried out in the west into the possibility of preventing sickle cell disease by treating the foetus. If a foetus is found to be homozygous for Hb S, using echography normal haematopoietic stem cells can be injected into the foetal abdomen. If this is done before the 14th week, the foetus still has no immune system and the injected cells are taken to be “own” cells. Then no HLA compatibility or “matching” is necessary. Once they are in the abdomen, the cells migrate to the liver where they develop further and form mature blood cells. The stem cells are obtained from bone marrow or umbilical cord blood. The white blood cells are removed to avoid inducing a graft-versus-host phenomenon. Certainly the final word on this has yet to be said, but if this technique were to be successful, it may provide an alternative to bone marrow transplantation.

· Because sickle cells are rigid and not readily deformable, many products have been tested to make these cells more flexible. The clinical benefit of such preparations (such as piracetam [Nootropil®, 12 gram/24 hours for an acute attack], pentoxyphylline (Torental®) and ticlopidine (Ticlid®) has not yet been proven.

· The rate of Hb S polymerisation is strongly dependent on the Hb concentration. Induction of hyponatraemia causes osmotic swelling of the red blood cells (see desmopressin above). The antimycotic clotrimazole (Canestene®) inhibits potassium and water loss from the erythrocyte, resulting in reduced sickling. The use of this agent requires further evaluation.

· For transfusion it is best to use red blood cells without leukocytes. But transfusion reactions triggered by antibodies against leukocytes and minor blood groups will gradually begin to play a part as the number of transfusions increases. The use of polymerised bovine haemoglobin is experimental (e.g. in very serious anaemia not treatable with normal transfusions). Free haemoglobin cannot be used because it is nephrotoxic. Liposome-encapsulated haemoglobin and perfluoro-chemicals are also still experimental.

· Treatment with L-arginine is being studied, and might be useful in the prevention of pulmonary hypertension (cfr NO-scavening by free haemoglobin). Treatment improves nitric oxide synthesis, resulting in a 15% decrease in pulmonary-artery pressure. In addition to this echaism, arginine reduces the density of sickled red cells by inhibiting the loss of cations, which may improve red-cell survival.

· In view of the fact that the vascular endothelium becomes more “sticky” in sickle cell anaemia, monoclonal antibodies can be used against the interacting molecules. Initial results are encouraging.

· Poloxamer 188 (RheothRx®) is a non-ionic surfactant with haemorrheological properties. The use of this agent (by injection) in vaso-occlusive crises is being studied. Initial results are encouraging.

· For patients with severe symptoms, especially severe neurological symptoms or complications, an argument could be made for early bone marrow transplantation if a HLA-identical sibling donor were available. The principal complication of allegeneic stem-cell transplantation (the transplantation of grafts from genetically different donors) is graft-versus-host disease (GVHD), which can occur despite aggressive immunosuppresive prophylaxis, even when the donor is a so-called "perfectly matched" (syn. HLA-identical) sibling. At this moment, there is a lot of research going on to try to find ways to improve the odds. Interleukin-10 secreted by antigen-presenting cells promote the development of immunological tolerance. People with the so-called A/A interleukin-10 genotype secrete large amounts of interleukin-10. In those recepients, activation of donor T-cells is minimized and the person has little or no GVHD after stem-cell transplantation. In 2003 it became clear that a genetic test for a common variant in the promoter region of the interleukin-10 gene can identify homozygous (A/A) recepient patients. Variations in other cytokine-genes (in the donor or recepient) do not have any prognostic significance. Howevere, these findings still have to be evaluated in clinical studies.

2 Other haemoglobinopathies XE "Haematology: other haemoglobinopathies" 
2.1 Haemoglobin C
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Hb C is another haemoglobin variant that is common in West Africa. Here the 6th amino acid of the beta chain (glutamic acid, negative charge) is not replaced by a valine but by a lysine (positive charge, basic amino acid), i.e.: (ß6 Glu->Lys) mutation. Sickling does not occur. Haemoglobin C has no protective effect on P. falciparum infection. The heterozygote state for Hb C is clinically silent. The peripheral blood contains 5-30% of target cells. By electrophoretic analysis, 30-40% of the haemoglobin is Hb C and 50-60% is Hb A. People who are homozygous for Hb C (Hb CC) display mild chronic haemolysis, mild to moderate anaemia and mild splenomegaly. On electrophoresis Hb A is absent. A relatively high percentage of Hb F (up tot 22%) is present in individuals having coexistent Hb CC disease and alpha thalassemia. Reticulocyte counts are slightly elevated (2-6%). There is often microcytosis and there are many target cells and some spherocytes. Cholelithiasis is common. Red blood cells may contain Hb C crystals. These intracellular crystals are more pronounced after overnight incubation in 3% sodium chloride. For an unknown reason, the interior of the red blood cells are slightly acidic. There are rarely major complications. Treatment is not necessary.

2.2 Haemoglobin D

Hb D is the name for a number of abnormal haemoglobins that migrate a similar distance to Hb S in standard haemoglobin electrophoresis at pH 8.6. Therefore, Hb D can be confused with Hb S on standard electrophoresis with an alkaline pH. It is distinguished from Hb S by its normal solubility, an electrophoretic mobility on agar gel at an acid pH that differs from Hb S (e.g. citrate agar gel with a pH of 6.2), and its failure to produce sickling. The electrophoretic and solubility properties of Hb G are very similar to those of Hb C and the two are rarely differentiated. The heterozygote state for Hb D is clinically silent, but the condition can be mistaken for sickle cell trait. In the homozygous state, some cases are asymptomatic and others have a discrete haemolytic anaemia and mild to moderate splenomegaly. This is mainly the case for Hb DPunjab (ß121 Glu->Gln). This haemoglobin will not cause sickling.

2.3 Haemoglobin E

Three splice site mutations are known to occur in exon 1 of the beta globin gene. These mutations result in three different abnormal haemoglobins: Malay, E, and Knossos. Haemoglobin E is a very common abnormal haemoglobin in Southeast Asia, as well as in India. The mutation GAG to AAG which leads to haemoglobin E, creates an alternate splice site competing with the normal splice site. This results in abnormal haemoglobin production and mild thalassaemia in the homozygous state, with a mild microcytic anaemia with a haemoglobin usually above 10 g%. Clinically, the affected persons are not ill, although a mild splenomegaly can develop. Electrophoresis reveals approximately 90% Hb E with varying amounts of Hb F. 

*

The heterozygote has a haemoglobin of about 12 g% with microcytosis and an electrophoretic pattern showing Hb E plus Hb A2 of 20 to 30%. On standard electrophoresis haemoglobin E co-migrates with Hb A2. 

*

When Hb E trait combines with a 0 thalassaemia mutation, a severe transfusion-dependent (E0) anaemia will ensue. E 0 thalassemia patients who undergo splenectomy may stop being dependent on transfusions. 

3 Glucose-6-phosphate dehydrogenase deficiency XE "Haematology: glucose-6-phosphate dehydrogenase (G6PD) deficiency" 
3.1 G6PD deficiency, general
In 1926 some people who had been given pamaquine (an antimalarial) developed dark urine and haemolytic anaemia. The mechanism was not understood until 30 years later. Adult red blood cells have neither mitochondria nor a nucleus. The cells have no Krebs cycle and meet their energy requirements by glycolysis, an anaerobic process (Embden-Meyerhof chain). This is a very inefficient way of producing ATP, but in this way the erythrocytes do not use the oxygen they transport and the cells are effective carriers of oxygen. By glycolysis a molecule of glucose supplies two ATP molecules and two NADH molecules. By a side-reaction, 2,3 diphosphoglycerate is also produced, a substance that has an important effect on the release of oxygen (see oxygen dissociation curve). The other metabolic pathway in the cytosol of the red blood cell is the hexose monophosphate shunt (also called the pentose phosphate shunt). The first enzyme in this latter chain is G6PD. The hexose monophosphate chain provides two molecules of NADPH per molecule of glucose.

*

G6PD is an enzyme that occurs in all cells. The blood of an adult contains a few milligrams of G6PD in total. In its active form it consists of a dimer or tetramer of identical sub-units. There are many genetic variants (more than 400). G6PD deficiency may give partial protection of 46-58% against severe P. falciparum (both in hemizygous men and in heterozygous women), but further study is required.

· The normal enzyme is called "type B". 

· About 20% of Negroes in Africa have "type A+". This variant is functionally normal, but has a different electrophoretic pattern. "Type A-" has the same electrophoretic characteristics as "type A+", but has lesser activity. This form is common in Central Africa. People with "type A-" are normally not anaemic. Enzymes with little or moderate activity rarely cause clinically serious problems. 

· Another important variant is the "Mediterranean type" and is virtually totally inactive. The less active the enzyme, the easier it is for the red blood cell to be damaged by certain chemical substances. Enzymes with very little or no activity are common in people in the Mediterranean basin.

3.2 G6PD deficiency, clinical presentation
People with a very low G6PD activity can lead a normal life. In some situations however, problems can arise. A crisis begins acutely and symptoms worsen in the course of a week. Jaundice, renal pain, haemoglobinuria and mild splenomegaly occur. Newborn children with G6PD deficiency are at greater risk of kernicterus and phototherapy is sometimes necessary. In many people the haemolysis is self-limiting, even if primaquine, for example, is continued to be administered. Circumstances that can trigger symptoms include:

*

· The neonatal period (neonatal jaundice). This is more serious if there is also hypoglycaemia and if water-soluble vitamin K analogues have been administered. 

*

· On ingesting certain drugs (sulphonamides, salazopyrin, dapsone, primaquine, quinacrine, nitrofurantoin, niridazole, phenacetin, vitamin K analogues, etc.), the red blood cells haemolyse acutely. Rarely are there reactions to chloroquine, quinine, quinidine or chloramphenicol. In sub-Saharan Africa there are few clinically relevant problems, but in the Mediterranean basin they are frequent and can be severe, even life threatening. It is mainly the metabolites of primaquine formed in vivo that cause problems. This explains the discrepancies between some in vitro studies and in vivo observations. There are insufficient data on pregnancy and the risk to the foetus.

*

· Serious infections involving acidosis can cause acute haemolysis (possibly triggered by the production of H2O2 by neutrophils and macrophages). Diabetic acidosis and hypoglycaemia can trigger haemolysis in people who are susceptible.

*

· Favism. In the case of severe deficiency, serious haemolysis can occur if fava beans ["Vicia fava XE "Vicia fava: haematology, G6PD deficiency, clinical presentation" " ( favism] are eaten or the pollen of the plants are inhaled. The symptoms occur quite quickly after aerogenic exposure, but only develop after 5 to 24 hours after eating fava beans. The toxic constituents of this plant are divicine, the aglycone of vicine (aglycone = moiety of a compound molecule without a sugar group), and isouramil, the aglycone of covicine. Both are related to orotic acid. Oxidants such as divicine and isouramil are normally reduced and inactivated by reduced glutathione. Our knowledge of favism is however incomplete. There is no absolute correlation between G6PD activity and the clinical symptoms. Other factors undoubtedly also play a part. People with "type A-" do not suffer from favism.

*

· Transfusions. Normal red blood cells keep their G6PD activity if they are stored for transfusion. The small amount of activity that G6PD-deficient cells still have will decrease as time goes by (the problem is less in ACD solutions). If this type of blood is transfused into a person who is already ill and who may be receiving haemolysing medication, haemolysis of the transfused blood can occur quickly.

3.3 G6PD deficiency, laboratory
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The morphology of the red blood cells is normal between crises. During a crisis inclusions can be detected in red blood cells (Heinz bodies) by means of a supravital dye such as crystal violet. Heinz bodies are formed by denatured, damaged haemoglobin. Cells with these inclusions are quickly removed via the spleen. Detection of Heinz bodies is an insensitive test for G6PD deficiency. G6PD activity can be measured directly in a well-equipped laboratory. Measuring G6PD activity gives more clinically relevant information than the electrophoretic pattern.

*

In normal people, the activity of G6PD is reduced by half over 120 days (the normal life span of an erythrocyte). It is therefore mainly the older cell population that is affected. This also explains why most clinical episodes are self-limiting (usually about 25% of the cells are haemolysed). It is precisely because of this limited haemolysis that people with, for example, leprosy, can often continue to take dapsone. A false normal laboratory result can be obtained if a G6PD test is carried out shortly after a haemolytic crisis (the older cells are destroyed and the remaining younger cells contain G6PD which is still active). Spherocytes and schistocytes are rare. Methaemoglobinaemia can occur. Reticulocytosis increases after a few days. The white blood cell count is normal.

3.4 G6PD deficiency, hereditary transmission 
The activity level of the G6PD enzyme is genetically determined. The G6PD gene is located on the X chromosome (a man has XY and a woman has XX). A man with a defective gene (hemizygote) and a woman with 2 defective genes (homozygote) are affected. A woman with just 1 mutant gene (heterozygote) is a carrier, but normally does not display any symptoms. She may well pass the defective gene on to her child. Because in women 1 of the 2 X chromosomes is inactivated in each nucleated cell (Lyon’s hypothesis), a heterozygous woman has 2 populations of erythroblasts and therefore also 2 populations of red blood cells: a normal population and a deficient population. Heterozygous women with a high percentage of deficient cells may become symptomatic. Normal women are therefore genetic chimaeras: some cells contain an active paternal X-chromosome and others contain an active maternal X-chromosome. There are no cells in which both chromosomes are active. Note of course that early precursor cells contain DNA but erythrocytes themselves have no nucleus, and therefore contain no chromosomes or even DNA.

*

Note: Women and G6PD

Heterozygous women display mosaicism of G6PD variants and this information is sometimes used in studies of the clonality of neoplasms.

3.5 G6PD deficiency, biochemical background
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In very general terms it can be said that the hexose monophosphate shunt (= pentose phosphate chain), has two main functions: 

· the production of ribose, a component of nucleotides, for e.g. DNA and ATP. In summary, this pathway transforms glucose-6-phosphate into ribose-5-phosphate. Since however the erythrocyte has no nucleus nor ribosomes, there is no need for ribose synthesis.

· the generation of reducing power in the form of NADPH. The pentose phosphate chain reduces NADP+ to NADPH. By oxidising NADPH to NADP+ again, other substances are reduced via a redox reaction. NADPH is an important electron donor (= reducing capacity). The main function of NADPH is to reduce oxidised substances such as glutathione and to allow reductive biosyntheses to take place. 

*

Note: Red blood cells and NADPH 

Why does G6PD deficiency seem to bother red blood cells especially? Erythrocytes do not have mitochondria. Red blood cells do not have a back-up system for NADPH production. They have no alternative source of NADPH, as opposed to other cells which have mitochondria. In cells fatty acid synthesis takes place in the cytosol. The production of fatty acids starts with acetyl-CoA. This latter substance is formed in the mitochondria (entry point for the Krebs cycle) and this substance cannot pass through the mitochondrial membrane by itself. If it is bound to citrate it can pass through the membrane. In cells with mitochondria some citrate bound to acetyl-CoA shifts from the mitochondrial matrix to the cytosol, after which the compound is divided again. The citrate therefore acts as a carrier. Citrate is then converted to oxaloacetate and then to malate. Afterwards (malate + NADP+ ) is converted to (pyruvate + CO2 + NADPH). As a result, even if the hexose monophosphate shunt is functioning poorly, these cells can still produce NADPH. The effects of G6PD deficiency are therefore most apparent in the red blood cells. 
3.5.1 Glutathione

Why do we need glutathione? Haemoglobin and many other biological molecules contain many sulphur groups (SH groups = sulfhydryl groups). These are necessary for the molecule to function properly. If these are oxidised, haemoglobin can no longer function as it should. Glutathione is a tripeptide containing cysteine as the second amino acid. This amino acid has a SH group. The reduced glutathione (i.e. with a SH group), converts non-functional, oxidised cysteine disulphide groups (S-S) in other molecules such as haemoglobin into functional SH groups via the enzyme glutathione peroxidase. In this process glutathione itself is oxidised (two glutathione molecules are then bound by a disulphide bridge). Glutathione also reacts with hydrogen peroxide (H2O2) and corrosive organic peroxides. In this way it has an important protective role as an anti-oxidant. If the G6PD enzyme is deficient, no NADPH is formed, neither is any protective reducing glutathione formed and haemoglobin molecules and red blood cell membrane molecules that contain SH groups may be permanently damaged by oxidising substances. The non-functional, denatured haemoglobin is precipitated in the form of Heinz bodies and the resulting damage to the membrane then leads to haemolysis resulting in moderate, but acute anaemia.

The role of glutathione

Protection of sulfhydryl (SH groups) in cysteine (amino acid).

Reaction with peroxides. 

Protection against oxidants.

3.5.2 G6PD, Catalase

Is glutathione the whole story? It is usually supposed that the increased sensitivity to oxidants of G6PD-deficient erythrocytes is due to the absence of protective glutathione, but reduced catalase activity may also play an important part. In all cells, free oxygen radicals are regularly formed. Superoxide anion (O2-) is an important example of this. Normally the enzyme superoxide dismutase converts this substance to hydrogen peroxide. This H2O2 is already less reactive but can still cause damage. Catalase is a tetrameric haem-containing enzyme, present in various cells and is localised in peroxisomes. It catalyses the reaction of hydrogen peroxide with various substances (phenols, formic acid, ethanol, formaldehyde), and if there is an excess of the peroxide, it promotes the reaction 2H2O2 ( 2H2O + O2. NADPH inhibits catalase inactivation and a reduced NADPH concentration leads to reduced catalase activity.

4 Beta thalassaemia XE "Haematology: Beta thalassaemia" 
4.1 Beta thalassaemia, general
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In 1925 Thomas Cooley and Pearl Lee reported a form of severe anaemia in Italian children that was accompanied by pronounced splenomegaly and typical bone abnormalities: “Cooley’s anaemia”. Nearly all the early cases were found in children from the Mediterranean basin. It was the pathologist Dr George Hoyt Whipple (1878-1976; Nobel prize winner of Whipple disease fame), who coined the term “thalassaemia”, after the Greek word for sea “thalassa”. In the following decades it became clear that the disease occurred over a much larger geographical area. In addition to the Mediterranean basin the disease also occurs in Africa, the Middle East, India and Myanmar, Southeast Asia including southern China, Malaysia and Indonesia. There are indications that the high frequency of heterozygous beta thalassaemia carriers in the tropics can be explained by a relative protection against the fatal P. falciparum malaria (compare with sickle cell trait and G6PD deficiency), but this is controversial.

4.2 Beta thalassaemia, genes

Oxygen transport in the blood is provided for by haemoglobin. The oxygen requirements of the embryo, the foetus and the child after it has been born are different however. Different haemoglobins are produced during the intra-uterine and postnatal period. A haemoglobin always consists of two “alpha-like” chains with two “beta-like” chains. Normal people have in diploid cells, two beta genes (one from each parent), two delta genes, four gamma genes and two epsilon genes. There are also four alpha genes and two functional zeta genes. [Only zeta-2 is functional, zeta-1 is a pseudogene]. 

*

The alpha globin chain-like genes lie on chromosome 16 and include: 

· (-gene: alpha. There are two copies on each chromosome 16

· (-gene: zeta. One functional copy on each chromosome 16. Only active in the embryo up to 12 weeks.

*

The beta globin-like genes lie on chromosome 11. 

These beta-like genes include: 

· (-gene: epsilon. One copy per chromosome. Only active in the embryo.

· G(-gene: gamma. Provides (-chains with glycine at position 136 (HbF)

· A(-gene: gamma. Provides (-chains with alanine at position 136 (HbF)

· ((-gene: pseudo(psi)-beta. An inactive, afunctional pseudogene.

· (-gene: delta. Provides a delta chain for Hb A2
· (-gene: beta. Normal component of Hb A

Embryonal Hb
Foetal Hb
Adult Hb

Hb Gower 1:  (2(2

Hb Gower 2:  (2(2
Hb Portland:  (2(2
Hb F:  (2(2
Hb A:   (2(2

Hb A2:  (2(2

An average normal adult has Hb A 97%, Hb A2 2%, Hb F 1%.

4.3 Beta thalassaemia, mutations

Each globin gene consists of three coding regions (exons) and two non-coding regions (introns). The intron sequences from the initial messenger RNA which is transcribed from the DNA in the nucleus of the cell, will be removed and the exon sequences will be spliced together, in order to form mature mRNA. There are various promoters and DNA control elements that regulate the expression of the various genes. About 150 different mutations have been reported in people with beta thalassaemia. About 20 mutations are responsible for 80% of the beta thalassaemias. Some are simple nucleotide substitutions, with missense or nonsense consequences, multiple substitutions, deletions with frameshifts or abnormalities in the promoter. Sometimes something goes wrong with the splicing of mRNA. Within each geographic population there are unique mutations. Individuals who have beta thalassemia major are usually homozygous for one of the common mutations, or heterozygous for one of the common mutations and one of the geographically-unique mutations. All result in reduced synthesis of beta globin chains ((+-thalassaemia) or the absence of synthesis of beta globin chains ((°-thalassaemia). Clinically mild forms of beta thalassaemia are called thalassaemia intermedia. If the production of both beta and delta chains is diminished, there is δβ-thalassaemia (a consequence of gene fusion). The imbalance in globin chain synthesis leads to precipitation of alpha chains in the red cell, which leads to premature destruction of the cell in the bone marrow or the peripheral blood.

4.4 Beta thalassaemia, clinical presentation

4.4.1 Beta thalassaemia minor

The heterozygous condition is known as beta thalassaemia minor. One beta gene is defective, the other is normal. Fewer beta globin chains than normal are produced, but the healthy gene largely compensates for this. There is a typical microcytosis, but rarely anaemia. This form is often found by chance and can wrongly be regarded as an iron deficiency.

4.4.2 Beta thalassaemia major
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The homozygous or doubly heterozygous condition is much more serious. The severity depends on which mutation(s) causes or cause the disorder and how many beta globin chains can still be produced. There is therefore a spectrum of clinical severity: thalassaemia major or thalassaemia intermedia. The affected infants are normal at first. Newborns still have a lot of Hb F, which is not affected in this condition. By the age of 6 to 9 months, the children develop faulty erythropoiesis with anaemia and hypertrophy of the bone marrow, spleen, and liver with hepatosplenomegaly. In severe beta thalassaemia, erythropoiesis can increase up to 10-fold. The relative excess of alpha globin chains interferes with the normal maturation of the cells in the bone marrow. Ineffective erythropoiesis occurs. There is pronounced haemolysis with considerable splenomegaly. Enlargement of the liver always occurs. Sometimes there are gallstones (bilirubin stones due to the haemolysis). The red bone marrow increases in volume, with swelling of the diploë in the cranial bones, osteopenia and a lowering of the fracture threshold and often microfractures around the main joints. The diploë is the central layer of spongy bone between the two layers of compact bone of the flat cranial bones. The face is often deformed somewhat due to cranial bossing and hypertrophy of the maxillae, resulting in a mongoloid appearance. Bone marrow expansion can lead to compression of the spinal cord. Extramedullary haematopoiesis can occur, not only in spleen and liver, but also in the posterior mediastinum and even kidneys, leading to local masses which can resemble lymphoma.

There is haemolytic anaemia, microcytosis with normoblasts in the peripheral blood and an increase in the minor haemoglobins (Hb F, Hb A2). Children can survive only with regular blood transfusions and folic acid supplements. Iron overload and infections due to the repeated transfusions are a very real risk. The abnormal accumulation of iron results in dilated cardiomyopathy, endocrine disorders (destruction of the pituitary gland and hypogonadism with impaired sexual development), diabetes, liver disease (often together with hepatitis B and C). Later, restrictive lung disease and pulmonary hypertension can occur (pulmonary hypertension tends to occur in all chronic severe haemolytic diseases).

4.5 Beta halassaemia, laboratory

Severe haemolytic anaemia is present, which is accompanied by microcytosis (low MCV), target cells, normoblastosis and high reticulocytosis if there is sufficient folic acid. To distinguish beta thalassaemia major from hereditary spherocytosis, which also causes haemolytic anaemia with a large spleen, is often simple (normal MCV, sometimes microspherocytes). In congenital spherocytosis the osmotic fragility is increased, but this is a delicate test that requires a good laboratory. In thalassaemia the osmotic fragility is reduced.

4.6 Beta thalassaemia, prevention

A child born of two heterozygous parents has a 25% probability of being homozygous. There are screening programmes for detecting carriers in Italy, Sardinia, Cyprus and Greece. These are based on MCV and the concentration of Hb A2. Prenatal diagnosis can be carried out with various techniques (e.g. villous chorion sampling carried out in weeks 9-13). This is only worth doing if the parents have decided beforehand to have an abortion carried out.

4.7 Beta thalassaemia, therapy

Non-transfused thalassemia intermedia patients are encouraged to avoid high-iron and iron supplemented foods, and are encouraged to drink tea with meals, which decreases iron absorption. Folic acid is usually given. With beta thalassaemia major there is a great need for transfusion. Because of the repeated transfusions, iron overload occurs after a number of years (the time varies). There is no simple relationship between iron overload and serum iron or serum ferritin concentration. The degree of iron accumulation can be determined on a liver biopsy. The risk of severe endocrine, liver and heart complications increases considerably with iron concentrations of more than 15 mg/gram dry liver. Iron chelation is carried out with deferoxamine XE "Deferoxamine: Beta thalassaemia, therapy"  (Desferal®). First, attempts should be made to administer it subcutaneously. If this is too painful or is not tolerated, it is given IV as an infusion over 12-16 hours, 5 times a week. This is a difficult treatment and requires strict compliance. Usually 250-500 mg vitamin C is given simultaneously because this increases the effectiveness (iron excreted in urine). Attempts are made to keep the iron content in the liver at less than 3-7 mg/gram dry liver. During treatment the urine is coloured orange by the iron. Complications of deferoxamine are infections with Yersinia (septicaemia), lesions of the retina, damage to the acoustic nerve and retarded growth with calcification of the intervertebral discs. The drug deferiprone is still experimental. Neutropenia, arthritis and fibrosis of the liver have been reported as side-effects, but in general compliance is better. Bone marrow transplantation can be carried out as curative therapy and at present is the only definite treatment. Of course the bone marrow of an identical twin cannot be used, but that of a HLA-DR matched relative can be used.

5 Alfa thalassaemia XE "Haematology: alfa thalassaemia" 
Alpha genes can be lost through deletion or inactivated by point mutations. If insufficient alpha chains are produced, the condition is known as alpha thalassaemia. This condition is very frequent in Asia (from India to China, including Southeast Asia). The disease also occurs in Africa. Since 4 genes code for alpha chains, there are a number of possibilities: 

· All 4 alpha genes functional: normal. Genetic ((/((.

· Only 3 alpha genes functional: silent carrier with no symptoms or signs (thalassaemia minima). Genetic (-/((.

Only 2 alpha genes functional: silent carrier, often microcytosis (alpha thalassaemia minor or alpha thalassaemia trait). Genetic  ((/-- (= (° thalassaemia) or (-/(- (= (+ thalassaemia). The two genes can either occur on the same chromosome (cis-type) or on each of the pair (trans-type). Cis-type (° thalassemia trait tends to be found in individuals of Asian descent, while trans-type (+ tends to run in individuals of African descent. Expert laboratory tests help to distinguish between these two conditions, which is important. If a mother is a carrier of (° thalassaemia, her pregnancy is at risk for Bart's hydrops foetalis syndrome (worst case scenario), while the worst possible outcome of a pregnancy of a mother with (+ thalassaemia is a much milder condition, haemoglobin H disease. 

· Only 1 alpha gene functional: excess of beta globin chains. Genetic (-/--. The excess beta chains form tetramers and are deposited: β4 (haemoglobin H). Haemoglobin H is not stable and thermally labile. It contains two reactive –SH groups per beta chain. The beta chains in Hb A have only one –SH group. This may explain the susceptibility of Hb H to oxidation. The red blood cell inclusions (Heinz bodies) can be seen readily with brilliant cresyl blue staining (the same dye as for reticulocytes). The patient is anaemic and there is splenomegaly.

· No alpha genes functional: the excess of gamma chains leads to the depositing of tetramers composed of four gamma chains: (4 (Bart’s haemoglobin). Without the alpha globin chains, there can be no foetal or adult haemoglobin which means the red blood cells cannot carry oxygen efficiently throughout the body. Hydrops foetalis with stillbirth is the result. There is an increased risk of toxaemia of pregnancy and of post-partum haemorrhage (hypertrophy of the placenta). The only haemoglobins found in these infants are: Hb Portland (22), Hb H (4), and Hb Bart's (4), and no Hb A or Hb A2. Electrophoresis of foetal haemoglobins shows about 80% Bart’s haemoglobin and about 20% Portland haemoglobin or Gower haemoglobin 1 (normally only present in the embryo in the first trimester).

· Haemoglobin Constant Spring mutation. An unusual case of the silent carrier state is the individual who carries the Haemoglobin Constant Spring mutation. This is an abnormal elongated alpha globin due to a termination codon mutation. Individuals who have this mutation have normal red blood cell indices, but can have children who have Hb H-Constant Spring disease if the other parent has alpha thalassemia trait (--/). Generally, children with Hb H-Constant Spring are more affected clinically than children who have classic Hgb H disease. Two Constant Spring carriers can also pass on their genes to have a child with homozygous Constant Spring, a condition that has similar clinical implications as Haemoglobin H disease. Children with Haemoglobin H-Constant Spring (--/cs) have a more severe course than children who have Hb H.  They have a more severe anemia, with haemoglobin ranging between 7 and 8 g%. They frequently have splenomegaly and severe anemia with febrile illnesses and viral infections, often requiring transfusion. If anemia is chronically severe and the child has splenomegaly, a splenectomy may have to be performed. Care must be taken to avoid post-surgical thrombotic complications.

*

Note:  Alpha thalassaemia and mental retardation.

is sometimes seen along with mental retardation (ATR syndrome). The genetics are different here: ATR-16 is the result of a deletion of the tip of chromosome 16 and ATR-X is caused by a mutation of a gene (XH2) on the long arm of chromosome X. This latter chromosome is involved in regulating various other genes, including alpha globin chains. Besides mental retardation there are also defects of the genitalia and facial deformities. All patients with ATR-X are male and have haemoglobin H disease.

6 Onyalai

6.1 Onyalai, general

Onyalai (syn. akembe and afindo) is a rather mysterious disease, which only seems to occur in central southern Africa (southern Angola and northern Namibia; Kavango and Ovambo territories). Onyalai means "blood blister" in the language of the Kimbundu, an Angolan tribe. Onyalai is a disease of unknown etiology. Defective nutrition may be the cause. One hypothesis is that a toxin, possibly acting as a hapten, is responsible for this form of thrombocytopenia. The possible aetiological role of mycotoxins from contaminated millet, sorghum and/or maize requires further investigation. 

6.2 Onyalai, clinical aspects

The disease differs clinically, epidemiologically and immunologically from idiopathic thrombocytopenic purpura (ITP). The age of onset varies from 6 months to 70 years with a peak incidence between 11 and 20 years. It is an acute disease, characterised by the formation of haemorrhagic vesicles and blisters on the palatal and buccal mucous membranes, together with severe thrombocytopenia. Sometimes, haemorrhagic blebs do appear on the skin, including on the soles of the feet. The general condition tends to be good and there are no signs of a constitutional disorder. This acquired form of thrombocytopenic purpura can lead to haematuria and melena. Epistaxis, petechiae and ecchymoses are common, as are subconjunctival bleeding and menorrhagia. The median duration of bleeding is about 8 days, but recurrent bleeding episodes are common. About 80% of cases will have chronic thrombocytopenia with a risk of intermittent attacks of acute haemorrhage. Haemorrhage from ruptured bullae, epistaxis or gastrointestinal bleeding can be severe and may cause shock and even death. 

6.3 Onyalai, diagnosis

The diagnosis is a clinical one, supported by lab tests. There will be thrombocytopenia and anaemia. The platelets are morphologically normal. The bone marrow shows changes which are to be expected: hyperplasia of the red cell precursors and megakaryocytes. Many patients have IgG and IgM platelet antibodies and glycoprotein IIb/IIIa autoantibodies in their serum. Complement levels are normal. Infants of mothers with onyalai, unlike infants of mothers with idiopathic thrombocytopenic purpura, are not at risk of thrombocytopenia and haemorrhage. Their mothers however, have a risk of post-partum haemorrhage.

6.4 Onyalai, differential diagnosis

Differential diagnosis includes other conditions which are characterized by severe thrombocytopenia, such as ITP, HIV-associated thrombocytopenia, immune thrombocytopenia secondary to SLE or lymphoproliferative disease, drug-related thrombocytopenia (e.g. quinine, heparine), TTP-HUS, hypersplenism and diffuse intravascular coagulation (DIC). Several infections are accompanied by low platelet counts (e.g. malaria, leptospirosis, septicaemias, trypanosomiasis, Marburg virus and arboviral infections such as Crimean-Congo haemorrhagic fever and dengue). DIC is common in certain obstetric disorders (eclampsia, abruptio placentae, amniotic fluid embolus, septic abortion, hydatidiform mole), envenomation (several snakes), heat stroke and traumata. Suicide attemps with coumarines is common and leads to bleeding tendency, but is not accompanied by low platelet counts or haemorrhagic bullae on the mucosa.

6.5 Onyalai, treatment

Treatment is directed at the prevention of haemorrhagic shock and the management consists of the correction of blood loss. Transfusion of blood and of platelets can be life saving. Oral hygiene is important. The use of aspirin is of course prohibited. Corticosteroids do not increase the platelet count, although high-dose methylprednisolone reduced the morbidity of onyalai in children. High dose intravenous gammaglobulin (Sandoglobulin) may be followed by a rise in the platelet count and cessation of haemorrhage, but in general this treatment is disappointing (and expensive). Vincristine sulphate (1.5 mg/m2) can be used, as it benefits some patients. Splenectomy can be considered for patients with severe uncontrollable bleeding, although splenectomy does not always control the disease.  Splenectomy is followed by a rise in platelet count. If possible, vaccination against pneumococci should be performed before splenectomy.

7 Exercises XE "Haematology: exercises" 
1. Congo. What is the life expectancy of a child with AS?

2. If 10% of adults in a population have Hb AS, what percentage of newborn children do you expect with SS?

3. A woman has Hb AS and her husband has Hb AA. How do you explain sickle cell anaemia to them? What if the woman is Hb AA and the husband is Hb AS? What explanation do you give if both the man and the woman are Hb AS?

4. A man and a woman, both Hb AS, already have 4 children. None of the children is a carrier of Hb S. How do you explain this?

5. Name 3 drugs that can cause haemolysis in G6PD deficiency.

6. Zimbabwe. A 24-year-old woman has been suffering from a feeling of weakness for some time. On exertion she soon becomes short of breath, with no wheezing on respiration. You notice that she is pale, with no other obvious abnormalities. Lung auscultation is normal. The haematocrit is 20% and a smear shows many small pale cells with a central patch that is darker. What do you do?

7. Mali. A 40-year-old man is admitted on account of confused and aggressive behaviour. He does not have fever. The liver is irregularly enlarged. You are told the next day that the MCV is 115 fl. What do you think? What do you ask?

8. Bolivia. An elderly woman has an old surgical scar on the upper abdomen and progressive difficulties in walking. The haematocrit is 22% and MCV is 117 fl. Why do you ask whether the scar on the upper abdomen is from a previous stomach operation?

9. Nigeria. A 7-year-old child is known to have Hb AS. The child complains of fever and tiredness. You observe inclusions in the red blood cells. Could this be malaria?

10. Tanzania. A patient with Hb SS suddenly develops severe pain in the right upper abdomen. There is no fever. Give a few possible diagnoses.

11. There are two mixed marriages among people you know. One is of an Italian man married to a Flemish woman, and the other is of a Flemish man married to an Italian woman. Both families have a son. Is G6PD deficiency more likely in the son with the Flemish surname or with the Italian surname? Explain.

12. Brazil. A man tolerated aspirin with no problems when he took it for headache. He was recently admitted with severe pneumonia. He was given acetylsalicylic acid as an antipyretic. Afterwards he developed a haemolytic crisis with the forming of Heinz bodies. Any explanation for this?

13. Togo. A 14-year-old patient is “known” elsewhere to have homozygous sickle cell anaemia. He does indeed have a scar on the right shin-bone and a short middle finger on the left. He asks for your opinion about the diagnosis given earlier and any therapy. A haemoglobin electrophoresis in your laboratory shows however Hb A and Hb S. What further information would you like?

Heinz-bodies








