Leprosy
1 Summary XE "Leprosy: summary" 
· Infection with Mycobacterium leprae 

· Bacteria multiply in the macrophages and Schwann cells of peripheral nerves

· Clinical spectrum: from tuberculoid (paucibacillary) to lepromatous (multibacillary)

· Thickened nerves with neuritis: trophic, motor and sensory disturbances

· Neuropathy leads to paralysis, trophic ulcers, blindness, mutilations

· Skin : numb white area with elevated edge (TT) to diffuse infiltration with nodules (LL).

· In lepromatous leprosy also involvement of deeper tissues (testes, tongue, eyes, etc.)

· Diagnosis clinical, Ziehl staining of smears (skin lesion, nose, earlobe)

· Treatment of leprosy with dapsone, rifampicin, clofazimine

· Leprosy reactions: type 1 (change in immunologic defence) and type 2 (immune complex)

2 General XE "Leprosy: general" 
Hansen’s disease or leprosy was previously present in most parts of the world. Now it is a problem in regions of extreme poverty. The number of registered cases is falling: 5.37 million in 1985 ( 3.1 million in 1992 and approximately 1.8 million in 2000. There are probably as many patients who have not yet been discovered. The number of severe infections is clearly decreasing. In 1996 only 70,000 new multibacillary patients were found. It is hoped to bring the general incidence of the infection below 1/10,000 in the near future. By 1999, 80% of all leprosy cases were occurring in 6 countries: India, Brazil, Bangladesh, Indonesia, Burma and Nigeria. HIV-infected patients usually die of infections caused by faster growing bacteria (e.g. tuberculosis), and not from the slow-growing Mycobacterium leprae XE "Mycobacterium leprae: leprosy, general" . The AIDS epidemic has therefore had little effect on the incidence of leprosy. The illness is characterised by skin and nerve lesions. This leads to neural dysfunction, which together with progressive tissue destruction causes mutilation. Resistance to dapsone became a significant problem around 1980. This is why combination therapy has been used since that time.

3 Historical  XE "Leprosy: historical" 
Due to the mutilations which can occur in leprosy, since ancient time there has been a lot of prejudice and stigmatisation. Sufferers were usually banished from the community. Apart from the physical handicap, the emotional, economic and social consequences were often very severe. The hypothesis was that leprosy was an hereditary disease and/or a punishment from God. One argument in favour of hereditary transmission or rather against the hypothesis of leprosy being an infectious disease was the result of transmission experiments, in which Dr Daniel Danielssen in Bergen, Norway, injected himself and four helpers with material obtained from skin nodules from LL patients, without further consequences. The pathogen of this chronic disease was discovered in 1873 by the Norwegian Gerhard Henrick Armauer Hansen. At that time there were several thousand leprosy sufferers in Norway. Following the example of John Snow (see Cholera) he followed the course of each illness over time. Families of which the members lived physically close together had a higher incidence of the disease, compared to families of which the members lived apart. In this way he came to the idea that this could be an infectious disease. In 1871-72 he observed small vague intracellular rods in skin nodules. This information was published in 1873. A staining method was discovered in 1880 by the German Albert Neisser. The pathogen proved to be a bacterium: Mycobacterium leprae. It was the first time that a bacterium had been considered responsible for causing a human disease. Regrettably, Dr Hansen carried out an unethical experiment, in which he introduced material from a leprosy nodule into the cornea of another person, in an attempt to prove its infectious nature. He was suspended from practising for life by the courts.
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*

In 1873 Jozef de Veuster, better known as Father Damian, arrived on Molokai, in the Hawaiian archipelago. There he found 800 leprosy patients who were living in miserable conditions. He decided to stay, and to devote the rest of his life to improving the fate of his fellow human beings. In 1876 he developed lesions on his arms and back (an illustration of the long incubation period). In 1881 he developed nerve pain and in 1883 his left foot lost all sensation. He died on 15th April 1889. 

4 Mycobacterium leprae XE "Leprosy: Mycobacterium leprae"  
Mycobacterium leprae XE "Mycobacterium leprae: leprosy, historical note"  is an obligate intracellular, slow-growing acid fast bacillus (0,5 x 3-8 µm). On Gram-staining it is Gram-variable. The Mycobacterium leprae genome project sequenced the entire genome in 2001. The genome is rather small (3,27 Mbp) and contains about 1600 genes and more than 1100 pseudogenes. In comparison, Mycobacterium tuberculosis XE "Mycobacterium tuberculosis: leprosy, historical note"  contains about 4000 genes. This seems to imply massive gene decay in the leprosy bacillus and absence of critical enzymatic pathways, thereby relying on host parasitism for survival. 

*

Do not confuse Mycobacterium leprae with Mycobacterium lepraemurium, a natural pathogen of rats and mice. The disease caused by Mycobacterium lepraemurium is sometimes used as a model for human leprosy.

*

Phenolic glycolipid-1 (PGL-1) is a glycolipid in the capsule of Mycobacterium leprae. PGL-1 contains an antigenically distinct trisaccharide unit that is not found in any other bacteria. PGL-1 makes up to 2% of the total bacteria mass, suggesting that the function of the sugar chains may be related to functions unique to Mycobacterium leprae. PGL-1 binds to laminin-2, which facilitates PGL-1 binding to the basal lamina of axons on Schwann cells and the resulting invasion of the cells. This might explain the neurotropism of these bacteria. Because this invasion can occur even when the bacteria were dead, the invasion seems not to be driven by the bacteria, but by passive interaction between glycolipids in the capsule of the cell wall and molecules in the basal lamina of Schwann cells. If this binding could be blocked, a new therapeutic avenue might become possible. However, laminin-2 is also present in the basement membrane of other tissues. The basement membrane in muscle is composed of laminin, type IV collagen, entactin/nidogen and heparan sulphate proteoglycan. One major component of the BM in muscle is laminin-2, which is composed of a heavy chain laminin a2 and two light chains, b1 and laminin g1. Other factors must also play a role in the fact that Mycobacterium leprae has a predilection for neural tissue.

*

It has long been suspected that leprosy has a strong genetic component. A leprosy susceptibility locus on chromosome 6 (region q25-q26) was discovered in 2004. This DNA stretch included the Parkinson's disease gene PARK2 and the co-regulated gene PACRG.  The PARK2 gene is expressed by human Schwann cells and macrophages, which are the primary host cells of Mycobacterium leprae.

5 Mycobacterial culture XE "Leprosy: cultivation" 
It has not been possible to date to culture the bacterium in vitro, which has made research extremely difficult. This can be circumvented to some extent by making use of animal experiments. However, the bacterium multiplies very slowly (generation time 12 days). It was assumed that the bacterium had a preference for cooler parts of the body. In 1960 the American Charles Shepard (CDC) discovered that it is possible to culture the bacterium in the footpads of mice (average 30(C). In this way it was possible to obtain 106 bacteria from each footpad. More severe infection could be obtained by using immune deficient mice (e.g. athymic nude mice). It became possible to test the efficacy of drugs against the mycobacterium. In 1971 Waldeman Kirchheimer and Eleanor Storrs discovered that the nine-banded armadillo, Dasypus novemcinctus XE "Dasypus novemcinctus: leprosy, cultivation" , could also become infected. This species was selected because it has a low body temperature (approximately 34(C) and a primitive immune system. The animal develops a generalised infection with involvement of the internal organs, especially the liver and spleen. After IV inoculation, between 1010 and 1012 mycobacteria per gram of tissue can be obtained (chiefly from the liver and spleen). In this way it became possible for researchers to analyse large amounts of proteins and DNA, which accelerated research.
*

Note : Armadillos

Do not confuse armadillos, which belong to the order Edentata, with scaly anteaters (order of Pholidota [pangolins]). The latter animals occur in Africa and Asia. Armadillos (fam. Dasypodidae) occur in America. The armour on the back of the 9-banded armadillo is divided into two parts: an anterior part which protects the front paws and a posterior part which protects the back paws. These two shields are connected by 9 rows of transverse belts, which give the animal its name.

6 Transmission XE "Leprosy: transmission" 
Humans form the reservoir. Infection with M. leprae is possible in chimpanzees, Rhesus monkeys, mangabey monkeys and wild armadillos, but the epidemiological importance of this is not known, and is probably very small. Further research is required to understand its significance.

*

The route (or routes) of transmission is (are) at present not known with certainty. There is probably transmission via nasal secretions from humans with multibacillary leprosy. The affected nasal mucosa in these patients contains large quantities of bacilli, unlike chronic skin wounds. Speaking, coughing and sneezing produces aerosols (droplet clouds). The most important port of entry is probably the lungs: the bacteria are breathed in. Direct contact is probably of much less importance. Long-term close contact with leprosy sufferers increases the risk of infection. Nevertheless, most cases occur without known contact with leprosy patients. The risk of the disease for leprosy health workers is very small. Leprosy is possibly a highly infectious disease with low disease expression. Most people exhibit no symptoms after infection, others have brief cutaneous lesions. The susceptible individuals are in the minority: fewer than 10 % of infected people become ill. In hyperendemic regions the proportion of people with symptoms is not more than 4 %, and usually the ratio is even smaller (1/1000). Transplacental infection in untreated multibacillary pregnant patients has been described, but is rare (in approximately 1% of the children in this situation).

*

Leprosy epidemics do not occur, although a single unusual exception has been recorded. In 1912 a woman with leprosy arrived in the Oceanic island state of Nauru. This had presumably never happened before. In 1920 the first secondary case was diagnosed in the indigenous population. In 1924 there were 284 cases in a population of 1250 people. In 1929 there were 438 cases (34% of the population), after which the incidence decreased. More than 90% of the lesions were tuberculoid and deformities were rare. The extent to which genetic inbreeding within an immunologically naive population was important in this case, has not been investigated. (Compare with the ravages caused by measles in isolated island dwellers and the results of smallpox in the Aztec kingdom after the arrival of Cortez).

7 Physiopathology XE "Leprosy: physiopathology" 
It is assumed that after being inhaled the bacterium multiplies within macrophages and Schwann cells (myelin-producing cells situated around peripheral nerves) and spreads very slowly. This occurs chiefly at the relatively cooler superficial body parts: the skin, superficial nerves, eyes, nasal mucosa, testicles. Mycobacterium leprae seems to be a thermophobic germ. Sometimes (in LL) the bacteria spread to the deeper tissues (lymph nodes, muscles, bone, even kidneys although this is very rare, etc.). The central nervous system is never affected. Nystagmus, ataxia or the presence of Babinski’s sign can thus not be attributed to leprosy. The human body defends itself against this mycobacterium by means of specific defence cells (lymphocytes). This immunological defence may be strong or very weak. If the reaction is strong, there are few bacteria and well defined granuloma. If it is minimal, the bacteria can multiply virtually unhindered and granuloma formation diminishes. The reason for this lack of defence (anergy) is not known.

8 Leprosy classification XE "Leprosy: leprosy classification" 
The symptoms vary greatly. This has led to considerable confusion in the past. A fundamental breakthrough was achieved by Ridley and Jopling (1962, 1964). They concluded that the clinical expression is determined by the patient’s cellular defence. They proposed a classification for the disease with tuberculoid leprosy at one extreme, and lepromatous leprosy at the other and a spectrum of borderline forms in between:

TT (( BT (( BB (( BL (( LL


Some classification schemes include polar forms (TTp and LLp). A simpler pragmatic division into paucibacillary and multibacillary forms was accepted in 1987 (pauci = few; multi = many). If at least 1 acid-fast rod is found, the patient is referred to as multibacillary. This is a strategy which is still being discussed, however. One alternative is to regard patients who exhibit 1+ in microscopic examination as paucibacillary. One disadvantage of this very simple classification is that if the microscopy is poorly executed, a multibacillary case may be classified as paucibacillary and will then remain under-treated. Another alternative classification is based on clinical grounds. Patients with 1 to 5 skin lesions are regarded as paucibacillary. If there are more than 5 skin lesions, the patient is regarded as multibacillary.

*

Paucibacillary: Indeterminate, TT, BT (with no acid-fast rods on the smear)

Multibacillary: BT with bacteria visible on a smear, BB, BL, LL
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The Ridley-Jopling classification reflects the cellular resistance of the patient:

· A patient with the tuberculoid form (TT) has high resistance. There are few bacteria, the lesions are localised and the patient is not very infectious. If leprosy bacillus antigen (lepromine) is injected into the skin, the lymphocytes react strongly. A local reaction is observed. The lepromine test is positive in this case. The reaction is read after 28 days (Mitsuda reaction): diameter > 5 mm is highly positive (cf. Mantoux reaction in tuberculosis). An earlier reaction (Fernandez reaction: 48 hours) can also be read but it is aspecific. There is no cross reaction between Mantoux and the lepromine test. There is quite a poor correlation between the Fernandez and Mitsuda reactions.

· There is little immunological resistance in lepromatous form (LL). There are countless bacilli and the lesions are diffuse. Patients are infectious for their environment. The lack of resistance is reflected in the negative lepromine test. The patient produces antibodies, but these are not protective.
9 Clinical aspects XE "Leprosy: clinical aspects"  

9.1 Clinical aspects, indeterminate leprosy

The majority of infections do not give rise to symptoms (only to a positive lepromine test). After infection there is an incubation period of 2-15 years (the mycobacteria multiply slowly). If the patient does not recover spontaneously, a transient indeterminate lesion appears. It consists of one or more grouped hypopigmented non-pruritic macules which are more or less well delineated. On white skin they are red or hyperpigmented. There will rarely be any reduction of sensitivity (hypo-aesthesia). Sometimes somewhat reduced sweating is seen. Nerves never become thickened at this stage. Bacilli are practically never found in this lesion. After the initial lesion there is evolution towards recovery or towards one of the forms in the spectrum TT – LL, which usually occurs within 2 years. Approximately 75% of indeterminate leprosy cases recover spontaneously. This indeterminate stage is often not diagnosed. Some leprosy infections can be diagnosed on clinical grounds alone especially in family members of an untreated leprosy patient. In other situations, diagnosis is often only possible via histology. 
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9.2 Clinical aspects, tuberculoid leprosy

In tuberculoid leprosy, there are only one, or a few, asymmetrical skin spots on not more than two parts of the body. They are sharply delineated, sometimes with a slightly elevated border and central healing. There are often papules on the edge. The lesion is rather depigmented (hypopigmentation on dark skin) or erythematous (on white skin) and there is loss of sensitivity. First the sensitivity to temperature decreases, then the sense of touch, then pain and finally deep sensitivity. There is hair loss and the skin is dry. One or two peripheral nerves are affected (thickened), at the areas of predilection or in the region of the skin lesion. The consequences of neural dysfunction appear early (muscle weakness and atrophy, reduced sensitivity to pain, sense of touch and sweating). Paralysis is common. It sometimes occurs before the loss of sensitivity. There is no direct involvement of other tissues. Leprosy is the only infectious disease which causes thickening of the nerves. Purely neurological involvement also sometimes occurs, without skin abnormalities. This slow form of neural dysfunction stands in sharp contrast to the swift neurological damage which occurs during leprosy reactions. In leprosy, autonomous symptoms such as bladder or bowel problems, postural hypotension, impotence, etc are rare. Patients with amyloidosis tend to have pronounced autonomic neuropathy.

*
Note : Nerve thickening 
Nerve thickening may also occur in rare disorders such as certain forms of primary amyloidosis of the nerves and inherited muscular and nervous diseases. Déjerine-Sottas disease is a rare form of hypertrophic neuritis which usually leads to invalidity in childhood. Here, the skin is normal. In some cases of Charcot-Marie-Tooth disease (hereditary sensomotor neuropathy type I), hypertrophic neuritis occurs. In Refsum’s disease, an autosomal recessive familial disorder, there is a defect in the degradation of phytanic acid, which sometimes causes thickening of nerves, together with cerebellar ataxia, progressive deafness, heart problems, skeletal deformations, retinitis pigmentosa and dry skin (ichthyosis). Neurofibromatosis can also be included in the differential diagnosis (including café-au-lait patches). Traumatic injury may sometimes cause local thickening, as may amyloidosis.
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9.3 Clinical aspects, borderline leprosy
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Patients with borderline leprosy have lesions which fall between the tuberculoid and lepromatous forms. Multiple skin lesions exist and nerve lesions are common. This is an unstable condition which will evolve to one or other of the polar forms.

9.4 Clinical aspects, lepromatous leprosy
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There are countless disseminated macules and/or skin nodules, with blurred outlines and sometimes joining to form larger plaques. No tendency to central healing is seen and there is no hypopigmentation, although sometimes a "copper colour" is present. The infiltrated skin nodules do exhibit less or no anaesthesia, but numbness develops in the hands and feet. The skin infiltration may lead to diffuse skin thickening, chiefly of the ears, lips and forehead (“lion’s face” in LLp). In Mexico, the diffuse variety of leprosy is sometimes called "pretty leprosy" because it tends to iron out the wrinkles in the skin, restoring a youthfull appearance to the patient. Infiltration of the mucosa leads to chronic rhinitis with epistaxis, septum perforation and destruction of the nasal cartilages. The tongue is thickened and there may be hoarseness. The upper incisors become loose and often drop out. There is often loss of the eyebrows (madarosis) and eyelashes. The central portion of the forehead (frontalis muscle) is more affected than the lateral portions. This sign is quite characteristic for leprosy and was first described by Monrad-Krohn. The sensory loss on the forehead can be quite marked (since the skin is relatively cool) but at the hairline, there tends to be an abrupt increase in the sensitivity to pinprick. Testicular atrophy leads to gynaecomastia. The nerves are not severely thickened, but involvement of the nerves is extensive, generalised, gradual and symmetrical. The consequences of this loss are evident later in the disease and sensory dysfunction, rather than motor defects, are foremost. Deep tendon reflexes are preserved for a long time, which distinguishes this diseases from many other neuropathies (except amyloidosis). Vibration sense and position sense remain intact for a long time. With progression of the disease, the motor branches of small nerves are invaded, so that there is distal atrophy, especially in the hands. 

9.5 Clinical aspects, specific problems

9.5.1 Blindness

Blindness occurs more often in tuberculoid than in lepromatous leprosy. Blindness may be caused by:

· Involvement of the facial nerve. This causes peripheral facial paralysis. The eye can no longer close (lagophthalmia), which leads to drying out of the cornea. The patient attempts to draw the eyes upwards under the eyelids to moisten them. The lower eyelid may exhibit paralytic ectropion. Artificial tears may prevent corneal dehydration. Sometimes the eyelid needs surgical correction to prevent blindness.

· Involvement of the trigeminal nerve leads to an insensitive cornea. The patient does not feel the dehydration or the presence of dust, resulting in keratitis. Artificial tears, as used in sicca syndrome, may be beneficial.

· Infiltration of the eye by countless bacilli with possible formation of lepromas (nodules full of bacteria). The latter obviously only occurs in lepromatous leprosy.

· Iridocyclitis, for which eye drops with steroids are indicated. Cataract formation and phtysis bulbi are late complications.

· Beware of glaucoma in patients treated with cortisone (leprosy reactions!). Topical cortisone administered as eyedrops is more dangerous than systemic cortisone.
9.5.2 Mutilations

Mutilations may occur due to:

· Paralysis with muscular atrophy and contractures.

· Loss of sensitivity leads to not noticing wounds or burns and maintaining postures which would otherwise be painful.

· Failure of autonomous nerves resulting in trophic skin disturbances.

· Untended wounds with secondary infections may lead to chronic ulceration. Tissue destruction and bone resorption lead to mutilation of the fingers, hands, toes and feet. Most mutilations can be avoided.

· Direct destruction of tissues, e.g. the nose. Bone lesions in LL are often more attributable to direct destruction than due to bacterial infiltration. Injuries are made worse by anaesthesia, superinfection, atrophy and ankylosis following disuse. The phalanges of fingers (dactylitis) and toes are most frequently affected, shorten gradually and become thinner due to lateral bone resorption.
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9.5.3 Leprosy reactions

The host’s immune responses to the leprosy bacillus create some of the pathology associated with the disease. Unfortunately, and confusingly, the classification of the clinical (Arabic) and immunological (Roman) reactions use different numbering systems. Beware: A leprosy type 1 reaction has nothing to do with the hypersensitivity-anaphylactic type I reaction.

*

Type 1 or reversal reactions

Lesions caused by a change in the immunologic defence of the patient are called type 1 reactions. These reactions may triggered by treatment, by pregnancy or is sometimes due to spontaneous changes in immune defence. Polar forms are generally immunologically stable and do not develop type 1 reactions. In the central part of the clinical spectrum there are fluctuations in the number of bacilli and in the patient’s resistance. If the patient’s immune defence increases, many leprosy bacilli will be destroyed. The body may react strongly to proteins released from these dead bacilli. This type of reaction (previously called an upgrading reaction) may cause damage to the body itself. Existing skin lesions become inflamed, discoloured red and painful. [Signs of inflammation of the leprosy patches are only found in leprosy reactions]. There will rarely be new lesions. Paralysis may occur quickly. Treatment of such a reaction must be swift to limit the damage: anti-inflammatory therapy (aspirin, indomethacin, corticosteroids), immobilisation of the affected body part. The leprosy therapy is not discontinued.

Sometimes the immune response may be reduced. Nowadays this is seldom seen. Progressive leprosy lesions develop (previously called a downgrading reaction). They take a less dramatic course than upgrading reactions. The treatment is swift adjustment of the leprosy therapy. 

*

Type 2 reactions

Patients with LL have almost no cellular defence against the leprosy bacillus. They do produce many antibodies, but these are not protective. The antibodies may precipitate in the body in the form of immune complexes and cause a different set of lesions (type III hypersensitivity reaction). This type of reaction is called a type 2 leprosy reaction. It is also called Erythema Nodosum Leprosum (ENL). ENL shows a high relapse tendency. Leprosy reactions are an important cause of mutilation. These reactions appear as sudden new red painful skin nodules on the legs and arms, which may form sterile pustules or ulcers. The symptoms are usually generalised, such as fever and general malaise, accompanied by muscle and joint pain, proteinuria, inflammation of the eyes and swelling and pain in the nerves, acute epididymo-orchitis. Approximately half of LL and BL patients develop ENL a few months after beginning chemotherapy. Patients with TT are spared this complication. Differentiation between type 1 and 2 reactions is not always easy. 
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The treatment of ENL consists of analgesics, clofazimine at higher doses than normal leprosy therapy (300 mg/day for 1 to 3 months) but it is a slow-acting drug, corticoids systemically and if necessary eye drops. If needed the fast-acting drug thalidomide can be used (Softenon®, 100 to 400 mg/day for 10 days, then reduced to 50-100 mg daily). Thalidomide is not an immunosuppressive, but what is called an immune-modulating drug. It changes the balance of a number of cytokines. For example it is an antagonist of TNF-alpha and increases the action of IL-2. Contraception is absolutely essential during the use of thalidomide, since it is highly teratogenic (probably due to interference with angiogenesis in the foetus, not due to induction of mutations). Thalidomide may itself trigger peripheral neuropathy. 

Cyclosporin A (Sandimmun®) is a cyclic polypeptide with immunosuppressive properties which may be beneficial in type 2 reactions. It blocks helper T-cell activation. [Cyclosporin was originally isolated in 1969 from a Norwegian soil fungus, Tolypocladium inflatum XE "Tolypocladium inflatum: leprosy, clinical aspects, specific problems" . Since 1996 it has been known that the sexual form of this fungus (Cordyceps subsessilis XE "Cordyceps subsessilis: leprosy, clinical aspects, specific problems" ) occurs in nature as a pathogen of dung beetles]. Nephrotoxicity is an important dose-dependent, and usually reversible, side effect of this product and occurs in 25-75% of patients. Neurotoxicity (tremor), hirsutism and gingival hyperplasia also occur. The drug is embryotoxic in animals. Do not confuse cyclosporin with cyclophosphamide or cycloserine. Unlike some other immunosuppressive agents, there is no myelodepression with this drug.

*

Note: Thalidomide

Thalidomide is nowadays also sometimes used in a number of immunologically mediated diseases, such as refractory mucosal aphthous ulcers in AIDS and in Behçet’s syndrome, severe erythema multiforme, chronic graft-versus-host disease and Langerhans cell histiocytosis. The agent was introduced in 1957 as a sleeping aid, painkiller, sedative and anti-emetic for nausea in pregnancy. In 1961 it was ascertained that many congenital abnormalities occurred in children whose mothers had taken the product during pregnancy. The most devastating were shortening of the limbs, in which the distal parts (hands and feet) were relatively well developed, while the intermediate parts were severely affected (phocomelia). There were also heart, ear and eye abnormalities. Those affected in whom exposure had occurred between the 20th and the 24th day of pregnancy, had an approximately 5% risk of autism, which is 30 times higher than the general population. The latter has been associated with abnormalities (shortening) of the brain stem, reduction of the facial nucleus and upper olivary nucleus. In total some 5000 cases of thalidomide embryopathy were reported. Thalidomide was taken off the market, but was still used on a small scale in South America, where since 1965 a further 34 cases of thalidomide embryopathy have been reported. The toxicity is clearly species-dependent: mice and rats are not susceptible, but primates and rabbits are.

10 Diagnosis XE "Leprosy: diagnosis" 
10.1 Diagnosis, general
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The diagnosis of leprosy is based on clinical and microscopic examination. Leprosy cases are often cared for by specialised teams, previously more so than nowadays. The role of the first line health workers should not be underestimated: recognising the illness, following up the patient (leprosy reactions, eyes, wounds, foot care).

10.2 Diagnosis, clinical aspects

The reason for an initial consultation is often the observation of painless traumas, burns or chronic skin abnormalities. Sometimes the initial presentation is an acute problem, e.g. ENL triggered by pregnancy, delivery, intercurrent illness or vaccination.

10.2.1 Skin lesions

· Check the texture, colour, hair growth, sweating. Anhydrosis occurs quite early due to trophic and vasomotor disturbances (chiefly in tuberculoid leprosy). Loss of hair occurs and the skin is often atrophic. Yet oedema also occurs, even progressing to elephantiasis of the feet and legs.

· Loss of eyebrows and eyelashes (madarosis) in lepromatous leprosy.

· Macules, papules, plaques or nodules.

· Open wounds are complications, not primary signs.

· A leprosy macule is never completely colourless, has never been present since birth, is not flaking or itching unless there is a leprosy reaction.

10.2.2 Diminished sensitivity (numbness) 

Examining sensitivity in a reliable manner is not easy. Use two basins with cold and hot water, a cotton wool ball, a feather, a needle. 

Sequence of failure: t( > fine touch > pain > deep pressure. 
One technique for testing sensitivity of the feet is to use a Semmes-Weinstein monofilament. This monofilament is a supple thread of artificial material such as nylon, mounted on a holder. The thread is pressed perpendicularly against the foot until it assumes a C-shape. In this way a standardised pressure can be created. If the patient does not feel this, there is neuropathy leading to an increased risk of foot ulcers. The test is normal if 5 of the 6 stated locations are described as having been felt. When the soles of the feet are hyperkeratotic, the test is more difficult to interpret.

10.2.3 Thickening of superficial nerves

· Near a skin patch.

· Examine and palpate peripheral nerves systematically. Some of the most important are: supraorbital nerve (above the eye socket), great auricular nerve (in the neck, arises behind the sternocleidomastoid, ascends, curving diagonally across that muscle, and courses forwards and upwards), ulnar nerve (at the elbow), radial nerve (the superficial branch at the wrist), peroneal nerve (the knee, at the head of the fibula), tibial nerve (behind the medial malleolus).

· Leprosy is the only infectious disease which causes thickening of the peripheral nerves. Other diseases which can lead to thickened nerves exist, but are rare (cf. note).

10.2.4 Neural dysfunction

· Painless wounds, risk of burns due to the lack of pain sensation.

· Peripheral facial paralysis with the risk of eye lesions due to lagophthalmia with drying of the cornea.

· Trigeminal nerve involvement with risk of eye lesions due to insensitivity of the cornea. Test with cotton wool stick.

· Atrophy of the thenar (common digital nerve) and of the hypothenar. Claw hand with atrophy of the interossei (ulnar nerve). Reminder: there are seven interosseous muscles, 3 palmar (adduction of fingers) and 4 dorsal (abduction of fingers). They assist the lumbrical muscles to bend the metacarpophalangeal joints and to extend the interphalangeal joints. They are all innervated by the ulnar nerve. A good clinical test for these muscles is to spread and then adduct the fingers. A sheet of paper between the adducted fingers must be firmly held.

· Wrist drop (radial nerve). Dorsal wrist extension is weak or not possible.

· Dropfoot (fibular nerve = peroneal nerve). Heel gait is not possible.

· Claw toe (paralysis of flexors) and loss of sensation at sole of foot (posterior tibial nerve). The patient cannot walk on his or her toes.

10.2.5 Electromyography

Nerve-conduction studies provide two basic measurements. The first is of the total number of units that respond on either the motor or the sensory side. The total sensory or total motor potential (sensory action potentials and motor action potentials) indicates the number of axons that have reached their destination and are still functioning. In axonal neuropathies, such as those due to vincristine, alcoholism, diabetes or uraemia, an early reduction in sensory action potential is recorded from the distal parts of the extremities. Amyloid neuropathy gives similar results. The second measurement is of the conduction velocity which reflects Schwann-cell or myelin function. It is a measurement of preservation of saltatory conduction down the nerve fiber. A few diseases affect primarily myelin in the peripheral nerves, e.g. Guillain-Barré syndrome and its variants. Chronic pressure, such as in carpal tunnel syndrome, leads to pressure lesions, and can result in prominent slowing of the conduction velocity. Mixed lesions are common. In leprosy, conduction velocities are reduced in a spotty fashion.

10.3 Diagnosis, microscopy

10.3.1 Acid fast bacilli in smear

Preferably several smears should be taken from the ear lobes and from the raised edge of active skin lesions. The latter is sometimes forgotten. The skin is pinched between the thumb and finger of one hand. Make a small incision with the other hand (5 mm long, 2 mm deep ) using a scalpel and scrape a little tissue away which is then smeared onto a slide (slit-skin smear). Try not to include any blood in the smears. Smears are also sometimes made from nasal mucosa. 

*

The smears are stained with a modified Ziehl-Neelsen stain XE "Ziehl-Neelsen stain: leprosy, diagnosis"  (e.g. Kinyoun stain XE "Kinyoun stain: leprosy, diagnosis" ). It is a cold stain. Decoloration is with a low concentration of acid (1% HCl). The mycobacteria are in fact less acid-fast than Mycobacterium tuberculosis XE "Mycobacterium tuberculosis: leprosy, diagnosis"  and bleach too much with standard Ziehl-Neelsen, which uses more concentrated acid. M. leprae XE "Mycobacterium leprae: leprosy, diagnosis"  is a weak Gram-positive or Gram-neutral acid-fast bacillus measuring 0.3x2-7 µm. The bacteria are often lying grouped in clusters (globi). Probably the hydrophobic character of the waxy mycobacterial capsule plays a part here .

*

The morphological index has increasingly been abandoned. It is the percentage of live bacteria in relation to the total number of bacteria. For this, 200 free-lying bacteria are examined. Live bacteria are homogeneously stained. Dead bacteria have a granular staining pattern. The resorption of dead bacilli into the tissues is very slow. The presence of acid-fast bacilli in a treated patient does not necessarily mean that the therapy has failed. The morphological index is a better measure of recovery than the bacterial index. The disappearance of bacteria during treatment can be partly attributed to the loss of their acid-fast nature. In some biopsies which test negative with the Fite-Faraco stain, bacteria can still be detected using Gomori methenamine-silver staining.

*

The bacterial index was proposed by Ridley. He developed a logarithmic scale, from 0 to 6+. The scale is based on the average number of bacilli per microscopic field using an oil-immersion objective. In infections with a high bacterial load, it usually takes 5-8 years from the beginning of therapy before the bacterial index is negative. [A rule of thumb is 1+ per year].

Bacterial index


0
0 bacilli in 100 oil-immersion fields

1+
1 to 10 bacilli per 100 fields

2+
1 to 10 bacilli per 10 fields

3+
1 to 10 bacilli per field

4+
10 to 100 bacilli per field

5+
100 to 1000 bacilli per field

6+
> 1000 bacilli per field

10.3.2 Biopsy

If the smears are negative, a skin biopsy is performed, which must penetrate into the subcutaneous tissue. The biopsy should preferably contain a superficial nerve branch (hypodermic). In multibacillary leprosy there is a zone of healthy tissue between the superficial epidermis and the infiltrate with bacilli in the deeper dermis. Bacilli in a tissue biopsy can most easily be detected with a modified Ziehl stain (Fite-Faraco stain). Mycobacterium leprae stains poorly with Ziehl on sections from paraffin tissue blocks. The acid fastness may be restored by impregnating the tissue segments beforehand with peanut oil or turpentine. In TT it will rarely if ever be possible to detect acid-fast rods, but the diagnosis can be made on the basis of the typical histological appearance (non-caseous granulomas around a nerve branch). In indeterminate leprosy there is minimal non-specific chronically inflamed infiltrate around nerves, blood vessels and skin nodes. Bacilli are very seldom present in indeterminate leprosy and generally none are found. A sural nerve biopsy can be performed in cases where the diagnosis is not clear.

10.3.3 Lepromine

Lepromine is not used as a diagnostic aid for the individual patient. In the time before armadillos could be used, lepromine was prepared from skin nodules from multibacillary patients. It was called lepromine H (human), with 160 million bacilli/ml as standard. At present lepromine is prepared from armadillos and is known as lepromine A (armadillo). Both human and armadillo lepromine contain varying amounts of tissue. A more purified preparation is Dharmendra lepromine, which is used in India. This, however, produces a weak Mitsuda reaction. Sometimes another purified version is used, called Convit’s soluble antigen.

10.3.4 LTT

Lymphocyte transformation tests have been developed. They are more specific than lepromine tests. It was observed that many healthy people who had had contact with lepers reacted positively in this test, unlike people who had not been exposed to leprosy. This is an argument for the hypothesis that leprosy is very infectious, but has a very low disease-expression.

10.3.5 Serology

Using serology antibodies can be detected, but this produces many practical problems. One of the better studied antibodies is called phenolic glycolipid-I antibody (PGL-I). The titres are proportional to the bacillary load. Newly lepromatous patients are always positive, but the diagnosis can be reached in a more simple way. Up to 50% of tuberculoid patients are negative in this test. At present the technique (ELISA or dipstick assay) is not yet ready for clinical practice. Leprosy sufferers often have circulating auto-antibodies so that their plasma often give false-positive results for various other disorders (e.g. positive RPR or VDRL suggesting syphilis). The cerebrospinal fluid in leprosy is normal.

10.3.6 PCR

A PCR [polymerase chain reaction] has been developed to test for M. leprae. In view of the inherent problems with this technique due to contamination in the laboratory, the results from various studies must be interpreted with caution. In many people positive PCR results from nasal swabs (e.g. 33% in contact persons in the same household and 20% of persons who work with leprosy sufferers) are found. Positive PCR results must therefore be confirmed independently. It is possible that there are indeed many asymptomatic carriers.

10.3.7 Culture

If there is doubt concerning resistance, an in-vivo culture can be carried out in research centres (in mice). The inoculated test animals then receive food mixed with various concentrations of dapsone, rifampicin or clofazimine. Maximum growth of the resistant bacteria is reached in approximately 6-9 months. To bypass the problems associated with experimental animals, attempts are being made to develop in-vitro techniques. Using in-vitro radiorespirometry (14CO2 production from 14C-labelled palmitinic acid) as in the Bactec or Buddemeyer systems, an attempt can be made to measure the metabolism of the bacteria, and in future it should be possible to use this to examine the viability of the mycobacteria, e.g. during treatment. These techniques have no place in daily clinical practice. It has to be stated that no long term in-vitro cultivation technique is available.

11 Differential diagnosis XE "Leprosy: differential diagnosis" 
Initially the differential diagnosis must take into account a large number of other diseases. Fixed drug eruption, morphea (localised scleroderma), dermatophytosis, dermal filariasis, eczema, scars, nodular cutaneous leishmaniasis, post-kala azar dermatitis and keloids may exhibit clinical similarities. 

· Lepromatous leprosy can be very similar to diffuse cutaneous leishmaniasis and even to cutaneous lymphoma (mycosis fungoides). 

· Keloidal blastomycosis ( = lobomycosis or Lobo’s disease) is very rare and occurs almost exclusively in the Amazon and Orinoco basins, although some cases have been known from Surinam and Central America. The disease, also known as, is caused by a fungus, Loboa loboi, XE "Loboa loboi: leprosy, differential diagnosis"  and may be clinically very similar to lepromatous leprosy. The diagnosis is easy with a skin biopsy.

· Systemic lupus erythematosus (SLE) may be taken for leprosy. Skin and mucosal lesions of lupus erythematosus discoides, necrobiosis lipoidica (check for hyperglycaemia) and of porphyria cutanea tarda (lesions chiefly on the hands and face, where exposed to the light) may pose diagnostic problems. 

· Neurofibromatosis (Recklinghausen’s disease) sometimes causes a problem in differential diagnosis. [In neurofibromatosis type 1, 100% of the children have café au lait patches before they are 2 years old, 70% have freckles in the skin folds (axilla) and 90-100% of patients also have hamartomas in the iris (Lisch’s nodules) as well as neurofibromas by the time they are 20 years old. In the rarer type 2 (NF2) café au lait patches only occur in 1% and the freckles are absent. In NF2 the peripheral nerves may develop schwannomas, but in these patients acoustic neurinomas are the most common]. 

· Annular skin lesions which are similar to tuberculoid leprosy may also occur in cutaneous sarcoidosis (lupus pernio), granuloma annulare, granuloma multiforme, syphilis, actinic granulomas and Jessner-Kanof ’s lymphocytic skin infiltration (pseudolymphoma; aetiology unknown). A Sutton’s naevus is generally easy to recognise (ring-shaped depigmentation with central hyperpigmentation). 

· Annular psoriasis is characterised by the presence of thick scales which usually exhibit symmetrical distribution, with enlarged blood vessels in the dermis. There may be pustules or pitting of the nails and/or arthropathy. Köbner’s phenomenon may occur. 

· Granuloma annulare is more difficult to differentiate. It is a benign skin disorder characterised by a granulomatous inflammatory process, which manifests itself in a ring or annular configuration of papules. The lesions usually occur in the region of a joint (the hands, elbows), but may also occur elsewhere. There is no neural dysfunction. An aetiological association with sunlight is assumed, but this is only one hypothesis. Most lesions (75%) heal spontaneously in 1-2 years. It is possible that granuloma multiforme is a variant of granuloma annulare. Biopsy is usually central to the diagnosis. In view of the strong similarity to leprosy and since granuloma multiforme is regularly seen and treated as leprosy, it is advisable to study a number of photographs of people with this disorder, or better still the patients themselves, in order to become familiar with the clinical picture.
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· Light-coloured skin spots also occur in pityriasis alba (slightly scaly, on skin exposed to the light), Gibert’s pityriasis rosea, pityriasis versicolor (Gr. “pityron” = bran; refers to the light skin scaliness). Pityriasis versicolor is a very common skin infection with a fungus: Pityrosporum ovale XE "Pityrosporum ovale: leprosy, differential diagnosis"  (yeast stage) or Malassezia furfur XE "Malassezia furfur: leprosy, differential diagnosis"  (mycelium stage). This lipophilic fungus forms the tyrosinase inhibitor azelaic acid from sebaceous fats, a substance which inhibits melanin synthesis. This explains the white appearance of the skin spots. Account must be taken of the fact that depigmented skin spots can also be caused by damage to the melanocytes (pigment cells) after an ordinary infection, wound or burn (post-inflammatory hypopigmentation), due to vitiligo (the texture of the skin with this condition is otherwise normal), as a residual lesion in endemic treponematosis and syphilis (the differential diagnosis is often difficult here). It is important to know that people with leprosy often have a false positive VDRL (screening for syphilis). TPHA [the Trepanoma pallidum haemagglutination test] permits differentiation.

· There are not many neuropathies where temperature and pain sensation are diminished, while sparing vibration and position sense, as well as sparing deep tendon reflexes. One should consider in these cases primary amyloidosis and syringomyelia (lesion of the crossing fibers of the central grey matter of the spinal cord) in the differential diagnosis. Less than 10% of the leprosy cases develop secondary amyloidosis. Patients with primary / hereditary amyloidosis usually have pronounced autonomic neuropathy from the onset, with episodic diarrhoea, impotence, decreased sweating, postural hypotension and other evidence of impaired vasomotor control.

12 Therapy XE "Leprosy: therapy" 
12.1 Historical

In the past, leprosy sufferers were strictly avoided or isolated in a leprosarium. This completely disrupted the social lives of the people affected. Patients hid themselves and withdrew from care. Until the Second World War chaulmoogra oil, applied orally, topically or by injection, was the only treatment available. This oil was obtained from the seeds of the Hydnocarpus tree (H. kurzii XE "Hydnocarpus kurzii: leprosy, therapy"  or H. anthelmintica XE "Hydnocarpus anthelmintica: leprosy, therapy" , family Flacourtiaceae). Similar oil was obtained from the related trees Gynocardia odorata XE "Gynocardia odorata: leprosy, therapy"  (family Flacourtiaceae) or Taraktagenos (family Bixaceae). The round brown fruits of the Hydnocarpus tree are the size of an orange and contain many seeds measuring 2 cm long which are very rich in oil. The use of the oil was described in 1854 by Dr Mouat of the Bengal Medical Service. No one in the West then knew, however, the precise source of this oil. The oil was used widely and it was important to know from where it came. It was known that the fruit could be found from time to time at markets in China, Burma and India, and that the plant belonged to the Flacourtiaceae family. After an expedition organised by the USDA the tree was finally found in 1920 in central Burma by John Rock, a man with the reputation of being able to do the impossible. Plantations were set up with the seeds collected, in Hawaii and elsewhere. In 1975 it was shown via the mouse-footpad model that chaulmoogric acid, a component of the oil, did indeed possess activity against M. leprae. The use of this oil has been abandoned at present.

*

Dapsone was first synthesised by Fromm and Whitmann in 1908, but it was used exclusively in veterinary medicine for streptococcal mastitis. In 1941 it was discovered that Promin® (sodium glucosulphone) PO and IV could produce an improvement in leprosy. Diasone, another sulphone, was better tolerated, but was later replaced by dapsone. The first cases of dapsone resistance were reported in 1964. In the '60s the efficacy of clofazimine was discovered. In 1965 the activity of thalidomide in ENL was ascertained. In the late ‘60s and early ‘70s rifampicine was developed, and this exhibited exceptional efficacy. Because of the increasing resistance to dapsone, in 1982 the WHO proposed to use only combination regimens. With modern therapy the infectivity falls very swiftly (a few weeks). People are being cared for more and more in their normal environment. This requires huge efforts in follow-up. Rehabilitation, orthopaedic aids, good shoes and eye care are very important. Surgical reconstruction, tendon transplantations etc. have their place, but require specialised physicians. The instruction of patients, chiefly concerning checking wounds and foot hygiene, is very important. Prompt treatment of wounds can prevent much suffering.

12.2 Dapsone XE "Dapsone: leprosy, therapy"  
The antileprosy activity of this sulphone was ascertained in the ‘40s and until 1980 it was often used in monotherapy (initially IM, later PO). It is safe during pregnancy. Dapsone (=DDS; Diamino Diphenyl Sulphone) is a slow-acting bacteriostatic product. It is swiftly absorbed from the intestine and undergoes enterohepatic circulation. A steady-state serum concentration is reached approximately eight days after beginning the treatment. It has a half-life of 28 hours and should therefore be taken just once daily. Dapsone resistance is presently spread world-wide. Dapsone is generally well tolerated. In particular at higher dosages skin rash, haemolysis (even if there is no G6PD deficiency) and methaemoglobinaemia occur (cyanosis and signs of hypoxia due to oxidation of haem Fe2+ ( Fe3+: the latter does not bind to oxygen. Methaemoglobinaemia is treated with IV methylene blue, 1-2 mg per kg). A "dapsone syndrome” may occur rarely. This is a hypersensitivity reaction, characterised by skin rash, fever, icterus and eosinophilia within 6 weeks after beginning dapsone. Desensitisation may need to be carried out. Dapsone is also used in the treatment and prevention of Pneumocystis carinii, in the treatment of toxoplasmosis, in dermatitis herpetiformis, in Loxosceles bites (see the chapter “spiders”) and in a number of other more rare disorders. Dapsone is contained in Lapdap® and Maloprim®, agents for malaria prophylaxis now seldom used.
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*

Note: Some applications of dapsone: 

· Treatment of leprosy

· Prevention of Pneumocystis carinii

· Prevention of Toxoplasma gondii
· Prevention of malaria

· Loxosceles bites (spiders)

· Treatment of dermatitis herpetiformis 

12.3 Rifampicin
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Rifampicin XE "Rifampicin: leprosy, therapy"  (Rifadin®, Rimactan®) (id. Rifampin) is a highly active but expensive bactericidal agent. It sometimes causes liver damage. See also tuberculosis. It may be used during pregnancy, although there are isolated reports of congenital deformities. Spina bifida and hare lip were observed in the progeny of rodents when the product was administered at high doses during pregnancy. 

12.4 Clofazimine XE "Clofazimine: leprosy, therapy"  (Lamprene®) 

Clofazimine is a weak bactericidal agent. It has anti-lepromatous and anti-inflammatory properties. This lipophilic drug is best taken after a meal for better absorption. It accumulates slowly in the skin, where it may cause dryness and red discoloration. The latter may sometimes cause difficulties in white patients. The urine, tears and sweat are also stained red. Sometimes there is nausea. In rare cases there is severe enteritis with paralytic ileus. The tissue half-life is very long (70 days). If clofazimine is used in type 2 leprosy reactions, the effect is usually only noticeable after 4 to 6 weeks. Clofazimine passes the placental barrier and is present in breast milk. Neonates may then also exhibit hyperpigmentation. It is probably safe during pregnancy.

12.5 Other

· In 1987 it was discovered that minocycline XE "Minocycline: leprosy, therapy" , ofloxacin XE "Ofloxacin: leprosy, therapy"  (Tarivid®), pefloxacin XE "Pefloxacin: leprosy, therapy"  (Peflacin®), sparfloxacin XE "Sparfloxacin: leprosy, therapy"  (but not ciprofloxacin) and clarithromycin XE "Clarithromycin: leprosy, therapy"  (Biclar®) possess bactericidal properties against Mycobacterium leprae. Clinafloxacin XE "Clinafloxacin: leprosy, therapy"  and trovafloxacin XE "Trovafloxacin: leprosy, therapy"  need to be further researched. The therapeutic place of all these drugs in the treatment of leprosy still needs to be determined. They may be used if, for example, rifampicin is not tolerated. Shorter therapies (single dose and 6 weeks) are being studied but have been abandoned due to too many failures on follow up.

· Ansamycin XE "Ansamycin: leprosy, therapy"  (Rifabutine®) is said to be beneficial in rifampicin resistance. Ethionamide XE "Ethionamide: leprosy, therapy"  (Trecator®) and protionamide XE "Protionamide: leprosy, therapy"  (Trevintex®) are moderately bactericidal agents which are still not widely used (250-500 mg/day). Thioacetazone (= thiosemicarbazone) is a weak bactericidal agent, little used in this indication.

12.6 Typical regimens

Some combination therapies may still be used. Other regimens are being tested at present (including ofloxacin and minocycline).

*

Paucibacillary leprosy (TT and BT)

For 6 months

· Rifampicin 600 mg/once per month under supervision 

· Dapsone 100 mg/day without supervision 

Then keep under supervision for a further 2 years, for late leprosy reactions and any relapse.

*

Multibacillary leprosy (smear-positive BT, BB, BL and LL)
For 2 years

· Rifampicin 600 mg/once per month under supervision

· Clofazimine 300 mg/once per month under supervision

· Clofazimine 50 mg/day without supervision

· Dapsone 100 mg/day without supervision

Then keep under supervision for a further 5 years (or life-long in LL).

*

These regimens are usually quickly accepted and have little toxicity. Relapses seldom occur. Sometimes a few variations are used. For example, in India multibacillary patients initially receive oral rifampicin daily for 14 days and paucibacillary patients are treated for one year.

12.7 New experimental regimens

Brief therapies with Rifampicin-Ofloxacin-Minocycline ± Clofazimine ("ROM" and “ROMC”) have been tested for both paucibacillary and multibacillary leprosy. The final results of these trials are expected around 2004. According to the interim analysis there is a 2 per 100 patient years relapse after 6 years (daily ROM and weekly minocycline for 6 weeks). More recent data point to higher failure rates and this short-course treatment is not likely to become the standard treatment.

12.8 Pregnancy and lactation

There are very few data on leprosy and pregnancy. During pregnancy there is progressive reduction of the cellular resistance, but the humoral immunity is probably stimulated. In theory fewer type 1 reactions would be expected during pregnancy. On the other hand, type 2 reactions may be more frequent. Possibly there is an increase in the bacillary load in untreated patients. Since the disease may become worse during pregnancy, the medication is continued unchanged. The use of thalidomide during pregnancy is of course forbidden.

13 Prevention XE "Leprosy: prevention" 
Basic hygiene is important for staff and patients alike: washing hands, wearing a mask if the patient has rhinitis, gloves to take samples. Mycobacterium leprae is found in breast milk, but this is not sufficient reason to stop breast feeding. In any cases, it is thought that infectivity quickly drops to zero after the start of combined chemotherapy. Examination of the people in contact with leprosy patients is indicated. The risk of leprosy in the family of lepromatous patients is 5-8 times higher than in the general population. Previously high figures were recorded in leprosaria (in 1930 up to 23% of the children born in these institutions). In the case of contact with multibacillary patients, check-ups for 5 to 7 years are preferable, once per year (including looking for the “numb spot"). Chemoprophylaxis of contacts (rifampicin) is not advised at present. The higher the socio-economic status of a country, the lower the incidence of leprosy (regardless of any leprosy control programmes).

A vaccine is being tested at present, but in view of the good results with polychemotherapy this will probably be or marginal benefit. BCG vaccination provides partial protection.

14 History of dapsone and dyes XE "Leprosy: history of dapsone and dyes" 
Historically the development of dyes and the insight that biological tissues or structures have a selective affinity for certain dyes, has had a very important effect upon medicine. This applies not only to microscopy, but also to the development of chemotherapy. The sulphones and sulphamides had their origin in the synthetic dye industry. This industry came into being because the alternatives were unsatisfactory. In order to find out how this came about historically, we will discuss the ways in which dyes were manufactured in early times. [We will not discuss pigments which are used for artist’s paint]. 

*

In olden days Tyre, the capital of Phoenicia, was famous for its purple. Tyrian purple was obtained from the hypobranchial gland of certain molluscs (Murex trunculus XE "Murex trunculus: leprosy, history of dapsone and dyes" , M. brandaris XE "Murex brandaris: leprosy, history of dapsone and dyes"  and others). These hermaphrodite creatures contained more dye during their male phase than during their female phase. The enormous numbers of animals needed (10,000 shells for 1 gram of dye), meant that the substance was inordinately expensive. The knowledge of how to obtain purple was lost during the middle ages. Until the middle of the 19th century dyes for textiles were chiefly of plant origin. A grey, beige or pale brown colour can be obtained from many plants, but clear fast and deep colours are not so easy to obtain. The most important European plants from which dyes were obtained for textiles were woad, weld and madder. Deep blue was obtained from woad, red from madder and yellow from weld, sweet gale and saw-wort. 

*

These plants belong to widely different botanical families: woad (Isatis tinctoria XE "Isatis tinctoria: leprosy, history of dapsone and dyes" , fam. Cruciferae), madder (Rubia tinctorum XE "Rubia tinctorum: leprosy, history of dapsone and dyes" , fam. Rubiaceae), weld (Reseda luteola XE "Reseda luteola: leprosy, history of dapsone and dyes" , fam. Resedaceae), saw-wort (Serratula tinctoria XE "Serratula tinctoria: leprosy, history of dapsone and dyes" , Compositae), dyer’s greenweed (Genista tinctoria XE "Genista tinctoria: leprosy, history of dapsone and dyes" , leguminous plants), bog myrtle, or gale (Myrica gale XE "Myrica gale: leprosy, history of dapsone and dyes" , fam. Myricaceae). Various lichens (Roccella tinctoria XE "Roccella tinctoria: leprosy, history of dapsone and dyes"  or orchil lichen) were used as sources for dyes on a small scale. Litmus is obtained from the same organisms and is still used today as a pH indicator. Safflower (Carthamus tinctorius XE "Carthamus tinctorius: leprosy, history of dapsone and dyes" , fam. Compositae) is a thistle-like plant from which a reddish yellow dye and also an oil is obtained. This is also still used today. Turmeric or kurkuma, (Curcuma longa XE "Curcuma longa: leprosy, history of dapsone and dyes" , fam. Zingiberaceae) came from the Far East. This plant is still used today to colour various culinary dishes.

*

Indigo holds a special place among dyes. The famous scientist Isaac Newton identified seven colours in the prismatic spectrum at the end of the 17th century. He added orange (between red and yellow) and indigo (between blue and violet) to the 5 colours of the rainbow already recognised at that time, which led to heated discussions. Even now, many people consider indigo to be a hue of blue. The word indigo refers to the blue colour, the plant Indigofera and the dye. The latter substance is also known as indigotin. Indigo was cultivated in antiquity, chiefly in India. The name of the colour indeed refers to that country. The dye indigo is obtainable from many species of plant. The plants which supply a high quality of indigo only grow in warm climates. Polygonum tinctorium XE "Polygonum tinctorium: leprosy, history of dapsone and dyes"  (Polygonaceae, the knotgrass family) and Strobilanthes flaccidifolius XE "Strobilanthes flaccidifolius: leprosy, history of dapsone and dyes"  (Acanthaceae, Acanthus family) are important sources in the Far East. Several Indigofera species also provide indigo. Each plant species within this genus has its own preference as regards climate. These plants were cultivated on a larger scale than others. Since they belong to the papilionaceaous plants, they do not exhaust the soil, but enrich it with nitrogen (unlike woad, for example). These plants bear root nodules in which symbiotic Rhizobium bacteria fix atmospheric nitrogen by means of the oxygen-sensitive enzyme nitrogenase. 

*

Woad contains the same dye as indigo but in much lower concentrations. Woad provided the dye which the Picts, a Celtic tribe in Britain, used to decorate their bodies or as warpaint in their conflicts with the Romans (Lat. “picti”: painted ones, Celtic “brith”: paint). Residues of blue paint were even discovered on the body of the “Lindow man”, a 2000-year-old Celtic corpse which was found in a peat bog in England in 1987. The dye in woad is present as colourless glycosides (i.e. bound to a sugar), in the substances called indican and isatan. The leaves and stalks must be fermented in an alkaline environment (urine, bird droppings, wood ash, lime) to release the active dye. The yellowish green dye produced must then be oxidated to obtain the blue. The fermenting process leaves behind a legendary stench. In 1601 the English Queen Elisabeth I forbade all woad processing within 10 kilometres of her residences. The plant gives good results with wool, but much less beautiful colours with cotton or fibres such as flax or hemp. In order to obtain a beautiful deep blue colour, indigo was needed.

*

In the middle ages indigo, which was very expensive, was imported into Europe in small quantities. Until the end of the middle ages, all trade between Europe and India was via the Levant. When Vasco da Gama sailed around the Cape of Good Hope in 1498, he demonstrated the possibility of a direct connection between India and Europe. The tax monopoly which the Muslim Middle East had on all trade (including that in indigo) between the West and India was broken. The historical importance should not be underestimated. The trade in exotic goods and spices from the various East India Companies which was blossoming at that time included indigo as well as pepper, cloves, nutmeg, cinnamon, printed cotton, silk, perfume, tea, opium, lacquer work, ivory, crystal and camphor. The indigo trade together with the pepper trade were among the most lucrative activities. Indigo was very much in demand. The blue obtained from woad coloured textiles quite weakly. A much more beautiful, deeper and faster blue could be obtained using indigo. The importation of indigo from India threatened the domestic woad production in a number of countries, and the importation of indigo from the East was curbed. Later, European companies set up indigo plantations on a large scale in India and various other overseas regions. The import ban was then abolished. 

*

The roots of madder were widely used until the end of the 19th century. The genus name of this plant (“Rubia”) refers to the red dye (Turkish red) which can be obtained from it (Lat. “ruber” = red). The plant contains alizarine. This substance provides a beautiful red, orange, pink, brown or purplish black dye, depending on the mordant used. Many materials such as cotton and wool do not naturally absorb dyes, with the exception of indigo. Indigo binds via hydrogen bridges to the fibres, unlike other dyes, which need to be fixed covalently. Mordants act on the textile to facilitate later absorption of dyes. These are substances such as oxalic acid, tannin, tartrate (tartaric acid) or alum (KAl(SO)4, or more correctly, since this is a double salt K2SO4.Al2(SO4)3.24H2O. Metal salts are also often used as mordants, such as aluminium, iron, chrome or tin salts. After the discovery of chemical alizarine synthesis, the cultivation of madder was discontinued. Nowadays alizarine red is still sometimes used in histology to detect calcium in tissue sections (e.g. skeletal studies).

*

Not only herbal plants but also some wood species are used to dye textiles. A beautiful brown is obtained from the wood of cachou (Acacia catechu XE "Acacia catechu: leprosy, history of dapsone and dyes" , fam. Mimosaceae), similar to acajou. Fustic (Chloroflora tinctoria XE "Chloroflora tinctoria: leprosy, history of dapsone and dyes" , related to the mulberry tree) gives yellow. The discovery of the New World in 1492 opened up many new possibilities. In 1494 the Treaty of Tordesillas was concluded between Castile and Portugal. This treaty determined the division of all regions in the newly discovered New World. All regions West of the meridian running 370 leagues West of the Cape Verde Islands, were for Spain, all regions East of this line were for Portugal. In 1500 Pedro Alvarez Cabral discovered the coast of Brazil and sent a ship from his fleet back to Portugal with the news of this discovery. Among the goods loaded on board was the very hard brazil wood or pernambuco. It was quickly discovered that a red dye could be obtained from this. Brazil received its name from this plant. In fact there are several plants which carry this popular name. They include Caesalpinia echinata XE "Caesalpinia echinata: leprosy, history of dapsone and dyes"  and C. sappan ( XE "Caesalpinia sappan: leprosy, history of dapsone and dyes" fam. Caesalpinia) and Haematoxylum brasiletto XE "Haematoxylum brasiletto: leprosy, history of dapsone and dyes"  (fam. Fabaceae). The latter name refers to the red colour (Gr. “Haima” = blood, “xylon” = wood). Due to the deforestation that followed, the wood soon became scarce and expensive. Nowadays pernambuco is still used for the best quality violin bows. Logwood, the wood of Haematoxylon campechianum XE "Haematoxylon campechianum: leprosy, history of dapsone and dyes" , was also valuable. The etheric extract from the wood produced a wonderful black dye after using chromium oxide as mordant. Haematoxylin is still often used today (together with eosin) in histological preparations.
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*

When the Spaniards conquered the New World, they quickly noticed that some Indian clothing was an unusually beautiful red, a colour which was then unknown in Europe. This scarlet was obtained from cochineal, which contains carminic acid, an anthraquinone glycoside. This beautiful red dye was prepared beginning with certain dried female scale insects (Dactylopius coccus XE "Dactylopius coccus: leprosy, history of dapsone and dyes" , Homoptera). The small male insects of this species have wings but no mouth parts. In the week that they live, they have to try and fertilise as many females as possible. The female creatures live on various cacti (Opuntia sp. XE "Opuntia sp. : leprosy, history of dapsone and dyes"  and Nopalea coccinellifera XE "Nopalea coccinellifera: leprosy, history of dapsone and dyes" , known as the Prickly Pear). The fertilised females secrete a white substance which forms a thick crust in which the immobile creature herself is incarcerated while she drinks plant juice. This substance protects her from many predators, and from drying out. Some predators such as the caterpillar Laetilia coccidivora XE "Laetilia coccidivora: leprosy, history of dapsone and dyes"  succeed, however, in consuming the scale insects in order to use the carminic acid for their own defence. The scale insects were at first regarded as a kind of seed (“grana”). Only later did their insect nature become clear.

*

The insect came originally from Mexico and was later imported into other countries of Central and South America, as well as the Canary Islands. The insects were scraped from the plant together with their waxy protective covering, and boiled in a cask together with oxalic acid-containing plants (tejute, Miconia argentea XE "Miconia argentea: leprosy, history of dapsone and dyes" ), to obtain the red colour. Later citrus was also used in the preparation. Citrus fruits were imported by the Spaniards and are not native to Mexico. Similar but less brilliant dyes (carmine or crimson) were obtained from kermes, the harvested and dried Kermes vermiglio XE "Kermes vermiglio: leprosy, history of dapsone and dyes"  (vermiglio refers to vermilion) and Kermes ilicis XE "Kermes ilicis: leprosy, history of dapsone and dyes" , scale insects which live on the kermes oak (Quercus coccifera XE "Quercus coccifera: leprosy, history of dapsone and dyes" , fam. Fagaceae). This plant is a bush or small tree which is widely distributed around the Mediterranean region. [Kermes should not be confused with shellac, a lacquer obtained from Laccifera lacca XE "Laccifera lacca: leprosy, history of dapsone and dyes"  or Tachardia sp XE "Tachardia sp. : leprosy, history of dapsone and dyes" , scale insects which live on some Ficus species in Southeast Asia]. In Central Europe, Polish cochineal was obtained in small amounts from scale insects (Porphyrophora polonica XE "Porphyrophora polonica: leprosy, history of dapsone and dyes" ). Armenian cochineal was obtained from a related insect (Porphyrophora hamelii XE "Porphyrophora hamelii: leprosy, history of dapsone and dyes" ). Nowadays natural dyes are used in small amounts, for example to colour hair. These include henna (obtained from Lawsonia inermis XE "Lawsonia inermis: leprosy, history of dapsone and dyes" , fam. Lythraceae or purple loosestrife, and from the roots of Alcanna tinctoria XE "Alcanna tinctoria: leprosy, history of dapsone and dyes" , fam. Boraginaceae). Some have also found a place as additives to colour foodstuffs, such as annatto (E160b, obtained form the seedcoat of Bixa orellana XE "Bixa orellana: leprosy, history of dapsone and dyes" ), indigotin (E132) and cochineal red (E120). Foodadditives sometimes cause allergy. Plant and animal dyes have a number of disadvantages as regards fastness and depth of colour as well as availability and price. Cochineal was just as expensive as gold. Saffron, which is obtained from a crocus (Crocus sativa XE "Crocus sativa: leprosy, history of dapsone and dyes" ) is the most expensive spice or dye there has ever been. Brazil wood was very scarce and could not possibly meet the demand. Alternatives were diligently sought and the use of natural dyes swiftly diminished when synthetic dyes were introduced. 

*

It had been known since 1826 that if indigo were heated, colourless aniline was formed. [The Sanskrit for dark blue is “nila”, from which the name “aniline” comes]. Around 1830 the German chemist Friedlieb Runge was studying the composition of coal tar. He isolated phenol, which would later be used by Lister as an antiseptic. Aniline (= aminobenzene or phenylamine) was also isolated from coal tar. In 1856 the 18-year-old Englishman William Henry Perkin (1838-1907), in attempting to synthesise quinine, discovered the first synthetic dye mauveine, from aniline and potassium dichromate. This discovery, and the idea of making synthetic dyes which it gave rise to, had enormous consequences. In 1865 August Kekulé published his pioneering theory concerning the structure of benzene, which was a major breakthrough. The idea of making synthetic indigo began to take shape. A few years later the German pioneer in chemistry, Adolf von Baeyer (Nobel prize 1905) succeeded in synthesising indigo. The famous Tyrian purple proved to be a brome derivative of indigo.

*

Von Baeyer worked together with Heinrich Caro, head of the research department of the Badische Anilin Soda Fabrik (BASF). In 1868 von Baeyer’s apprentices Karl Graebe and Karl Lieberman perfected the synthesis of alizarine, based on anthracene. Steel production increased enormously in Europe during this historic period. For this, large amounts of cokes were needed. Cokes, coal gas (for lighting) and coal tar were obtained by heating coal in an oxygen-free atmosphere. At that time coal tar was a useless and dirty waste residue of the industrial production of cokes. Due to the increasing steel production, Prussia was left with a huge toxic waste problem. Aniline could be obtained in large amounts from coal tar and also formed the basis for synthesising indigo. Instead of waste, the coal tar now became a raw material. It was discovered that fractionation of coal tar could supply many different basic substances for the production of various dyes. The need for alternatives to natural dyes, market forces and the new scientific insights led to the swift development of the dye industry. Countless chemical products were discovered. BASF at first made enormous profits from the industrial production of dyes. Due to the cheap synthetic indigo, woad cultivation and the British trade in Indian indigo collapsed. One of the consequences was that the Indian farmers now had to pay their taxes in cash and not in indigo. This led to an increase in poverty, and to an uprising supported by Mahatma Gandhi. Indirectly it meant the beginning of the movement for an independent India and the end of the British empire.
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Many dyes which we still use today for microscopic preparations were perfected then, e.g. eosin, auramine, aniline derivatives such as fuchsin, necessary for Ziehl staining (see also Romanovsky dyes, chapter on Malaria). What connection does this have with antibiotic agents? It was known that many bacteria absorb dyes. The variety of dyes which could be extracted from plants was too restricted to exploit this observation. Paul Ehrlich, a student of the anatomist Wilhelm Waldeyer, ascertained that the dye methylene blue had a very weak antimalarial action. Gentian violet and mercurochrome (coloured aniline derivatives) were also active as antiseptics. The question was asked whether following absorption a dye could be sufficiently toxic to kill bacteria while they were present in the human body. Ehrlich stated that parasites and micro-organisms contained chemoreceptors which were sufficiently different from the analogous structures in humans that dyes might bind to them differentially. If the dye was also toxic, it might be used therapeutically. To test this hypothesis, the German dyeworks I.G. Farben, which was associated with BASF, started a programme to test the thousands of products in their collection for antibacterial action, and these included azo-compounds (an azo group consists of -N=N-). Azo compounds can be derived from aniline. Thus in 1932 Gerhard Domagk, head of the department of experimental pathology and bacteriology, discovered that the red azo dye Prontosil® could destroy streptococci in vivo. In vitro the product proved inactive. The discovery that this aniline derivative was split at the azo group into an active part (sulphanilamide) and an inactive part, supplied the basis for the further development of sulphones (general formula R-SO2-R’; e.g. dapsone = 4,5’-sulphonyl-di-aniline) and the sulphonamides (general formula R-SO2NH-R’). The idea that a molecule could kill a bacterium in vivo without interfering with the host’s physiology, was conceptually an enormous step forwards. Domagk was awarded the Nobel prize in 1939 (he was not able to receive it until 1947, however, due to the conditions in Nazi Germany). Dapsone became widely available and the rational chemotherapy of leprosy could begin.

*

As well as sulphones and sulphonamides, other products were also derived from aniline, such as phenacetine, procaine, indomethacin, lidocaine, benzocaine and many others. A common side effect of these products is methaemoglobinaemia, chiefly in people who are heterozygote for methaemoglobin reductase deficiency (= cytochrome b5 reductase). The most famous products responsible for this condition are dapsone, phenacetine, nitroglycerine, nitroprusside and in particular benzocaine. Nitrites and nitrates (food preservation, contamination of ground water, amylnitrite) can also trigger this condition. In methaemoglobinemia the iron atom in haem is oxidised (Fe2+ to Fe3+) and can no longer bind oxygen. This also causes a left shift of the Hb-oxygen dissociation curve so that oxygen is released less easily from the tissues, which exacerbates hypoxia. If the concentration of methaemoglobin is 10%, there is pronounced cyanosis, without signs of heart or lung abnormalities. The arterial blood is as brown as chocolate at levels above 15% and does not become redder after contact with atmospheric oxygen. At concentrations around 35% there is dyspnoea, weakness and headache. From 40% tissue ischaemia occurs. Concentrations above 80% are often fatal. Standard pulse oximetry is not reliable (false high values in methaemoglobinaemia and false low values in methylene blue therapy). Methylene blue (2 mg/kg) reverses the reaction and is the antidote in acute situations. Improvement can be expected after 30’-60’. Remember that methylene blue can trigger haemolysis in people with G6PD deficiency. In serious situations, an exchange transfusion and treatment with hyperbaric oxygen can be carried out.

15 Exercises XE "Leprosy: exercises" 
1. Congo. A colleague is on her first tropical mission and has already worked for 7 months in Congo. She is working via the Damiaanstichting [Father Damian Foundation] and is active in combating leprosy. She develops a skin spot on her left forearm. Could this be tuberculoid leprosy?

2. Are there many infectious illnesses which can cause thickening of the nerves? 

3. What are the difficulties of developing new drugs that are active against leprosy?

4. Gabon. A 42-year-old man has 2 well-delineated, conspicuous, circular skin spots with a slightly elevated edge. You can feel a thickened nerve on his neck. What do you think? Which therapy should be instituted?

5. Why is foot care and regular self-inspection so important for leprosy patients?

6. India. A leprosy sufferer has numerous diffuse subcutaneous callosities, is hoarse and has a chronic cold. He does not see well with his right eye. A leprosy treatment is begun. Which one? Three months later he develops painful pustules on his legs. A Gram stain shows no bacteria. What do you think and what do you do?

7. Uganda. Your stock of rifampicin is used up. A new patient with tuberculoid leprosy is begun on dapsone. In spite of this therapy the lesions get worse. What is the explanation for this?

8. Burma. A man with Hansen’s disease develops an acute loss of strength in his right hand. What do you do?

9. Congo. An LL patient comes for his monthly supply of medication. The medical assistant says that he is not taking the medicine, but is selling it. The patient denies this. How can you test this on the spot?

10. Peru. A patient with a white numb skin spot presents with 3 days of high fever, cough and difficult respiration. He has pain in his left chest. What do you think? 

11. Zambia. You are on the way to a remote village because you have received a report that there is an epidemic of leprosy. What do you think during the journey? When you arrive you note that many people (15 %) have small, oval, discrete scaly patches on their bodies, chiefly on the back and chest. What do you think now? What do you do?

12. A 22-year-old Indian patient asks for your help in a remote dispensary for an 8 cm long, clearly depigmented and numb patch with sharply raised edges on his right upper arm. The right ulnar nerve is slightly swollen and sensitive. The other nerves are normal upon palpation. There are no other skin abnormalities. Will you treat him for paucibacillary leprosy if:

· a biopsy confirms the diagnosis?

· the lepromine test is positive?

· the earlobes are swollen and misshapen?

· acid-fast rods are detected after scarification?

· without further preconditions?



































































