Tuberculosis
1 Summary XE "Tuberculosis: summary" 
· Tuberculosis: a very important and very common mycobacterial disease

· Influence of the AIDS epidemic
· Airborne transmission is the most common

· Involving the lungs or extrapulmonary

· Primary infection, reinfection or reactivation due to immunosuppression

· Diagnosis preferably by Ziehl staining (fast) and sometimes via culture (delayed result)

· Treatment with drug combinations: INH, RMP, EMB, STM, PZA

· Increasing problem with multiresistant bacteria (= resistant to at least INH+RMP)

2 General XE "Tuberculosis: general" 
Tuberculosis is a very old problem for humanity. In 1994 tuberculosis bacilli were found in a 1000-year-old mummy, disinterred in Chiribaya Alta, Peru. This mummy dated from before the time of Colombus and the later conquistadors. This negated the opinion that Europeans had introduced tuberculosis to that continent. In 1997, DNA of Mycobacterium tuberculosis XE "Mycobacterium tuberculosis: tuberculosis, general"  was also found in an Egyptian mummy from Thebes (3000 years old). It is possible that the bacterium originates from the one causing bovine tuberculosis. Some people claim that tuberculosis started to spread among humans after the domestication of cattle. The bacterium has approximately 4000 genes, including an unusually large number which are connected with lipogenesis and lipolysis. M. tuberculosis has 250 enzymes for lipid metabolism, compared to some 50 in Escherichia coli. The complete genome was mapped in 1998.

3 Present situation

Tuberculosis was and is a serious problem for the individual patient and for public health. Globally there are 8 million new cases per year with 2 to 3 million deaths. It is therefore, together with AIDS and malaria, among the most important infectious diseases. One hundred years ago, one Belgian in 12 died of tuberculosis. In 1943 this was one in 23, in 1990 one in 1000. From 1953 until 1984 the number of cases in the Western world fell every year by 6%. Since 1985 this trend has been reversed (partly due to the AIDS epidemic). For example in the USA there were 18% more cases of tuberculosis in 1991 than in 1985. The problem is much more pronounced in developing countries. The importance of tuberculosis has greatly increased in recent years, not only in view of the increasing number of cases, but also because of the appearance of multiresistant mycobacteria. Many tuberculosis patients are infected with HIV and many HIV patients are infected with tuberculosis. As the number of CD4 cells falls below 500 to 250/mm3, the risk of active tuberculosis increases 10 to 30-fold.

4 Koch’s bacillus

In 1882 the German physician Robert Koch discovered the pathogen: Mycobacterium tuberculosis or Koch’s bacillus. He received the Nobel prize for this in 1905. A closely related pathogen, Mycobacterium bovis, infects a large number of animal species (chiefly cattle [Bovidae] and deer [Cervidae]). Bison, camel, llama, giraffe, kudu, pigs and badgers can all be infected. This bacterium also occasionally infects humans, but this kind of zoonotic transmission is rare today. Tuberculosis should not be regarded as a zoonosis. Vice versa, from time to time some animals (dogs, parakeets, elephants, guinea pigs, etc.) may become infected with Mycobacterium tuberculosis. Mycobacterium avium causes avian tuberculosis. Infection with M. avium may occur in dogs, cats, cattle, sheep and pigs. Human infections also occur and are difficult to treat. Mycobacterium paratuberculosis causes intestinal illness in cattle, sheep and goats (Johne’s disease). Mycobacterium paratuberculosis should not be confused with Corynebacterium pseudotuberculosis, a bacterium which causes "pigeon fever" in horses or with Yersinia pseudotuberculosis. [The name "pigeon fever" refers to a painful swelling in the horse's pectoral muscles that resembles a puffed-out pigeon breast.]
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Note: classification of mycobacteria

At present there are more than 70 recognised species of mycobacteria. Usually the non-tubercular are divided into two large groups: the fast-growing and the slow-growing. This name refers to the speed of formation of visible colonies on solid culture bases. Fast growers produce colonies within 7 days, slow growers in more than 7 days. The slow growing bacteria are divided further into 3 groups depending on pigmentation. Runyon group I contains the photochromogens, group II contains the scotochromogens and group III the non-chromogens. Group IV of the non-tuberculous mycobacteria contains the fast growers. Scotochromogen species produce yellow-orange pigment (carotinoids) in the dark. Photochromogen species produce their pigment after exposure to light. These divisions have no fixed taxonomic worth, but are important to practical identification schemes. Some bacteria are very closely related to each other: e.g. Mycobacterium tuberculosis XE "Mycobacterium tuberculosis: tuberculosis, classification of mycobacteria" , M. bovis XE "Mycobacterium bovis: tuberculosis, classification of mycobacteria" , M. africanum XE "Mycobacterium africanum: tuberculosis, classification of mycobacteria"  and M. microti XE "Mycobacterium microti: tuberculosis, classification of mycobacteria"  (the M. tuberculosis complex); Mycobacterium avium XE "Mycobacterium avium: tuberculosis, classification of mycobacteria"  and M. intracellulare XE "Mycobacterium intracellulare: tuberculosis, classification of mycobacteria"  (MAC). Some mycobacteria cannot as yet be cultured in vitro (M. leprae XE "Mycobacterium leprae: tuberculosis, classification of mycobacteria" ). Some species cause infection in humans very rarely, but the course of these infections can be severe (e.g. Mycobacterium asiaticum XE "Mycobacterium asiaticum: tuberculosis, classification of mycobacteria" ).

5 Transmission

When someone with open pulmonary tuberculosis coughs, the expectorated air contains countless droplets with many bacteria. The same occurs when talking, laughing or sneezing. Large droplets quickly fall, but small droplets (aerosol) can stay airborne for a long time. The water in such droplets evaporates and the residual bacteria continue to float in the air. They may then be breathed in by someone else (airborne transmission). The mycobacteria are swiftly killed by ultraviolet rays (daylight). Transmission is therefore usually indoors, and this explains the familial clustering of cases, and also the clusters in various areas such as the classroom, the workplace, cafés, aeroplanes. Tuberculosis bacteria present on sheets, chairs, etc., are normally not dispersed as aerosol and do not present a direct risk for the environment. Traditionally it was assumed that only patients with open pulmonary tuberculosis (smear-positive persons) were important in transmission. The detection limit for bacilli, however, is 5000-10,000 bacilli/ml measured by light microscopy. The infectious dose is less than 10 bacilli. This means that also smear-negative (culture positive) people may be sources of transmission. The proportion of transmissions caused by them is assumed to be approximately 17%. Infection with M. bovis XE "Mycobacterium bovis: tuberculosis, transmission"  is much rarer than infection with M. tuberculosis XE "Mycobacterium tuberculosis: tuberculosis, transmission" . Transmission of Mycobacterium bovis may occur due to drinking non-pasteurised infected milk. The transmission of bovine tuberculosis may also be airborne (infection from coughing cattle).

6 Course of infection

Once the micro-organisms have arrived in the lungs, they undergo intracellular multiplication in macrophages. This produces a small pneumonic consolidation focus (Ghon focus) accompanied by swelling of the lymph nodes in the hilum of the lung (also called the primary complex). 

*

There are then several possibilities:

· Most bacteria are destroyed by cellular defence and the few survivors are neutralized (they can no longer multiply). In the macrophages, as the result of phagocytosis, mycobacterial constituents are released which are presented to the T-lymphocytes as antigen. This cell-mediated immune response reaches full development in the course of 3 to 8 weeks. If an extract of tuberculosis bacteria (PPD: purified protein derivative) is then injected into the skin, the defence cells of the patient react to this: there is a positive skin test (Mantoux test). The patient is not ill, however. Often the only residual lesion that can be observed on a chest X-ray of an infected, asymptomatic person is calcification of the hilar lymph nodes. 

· If the cellular defence of the patient is later reduced (e.g. by AIDS), the small number of dormant bacteria may be activated and give rise to evolutive tuberculosis (reactivation or post-primary tuberculosis). The latter chiefly involves the apices of the lung, i.e. the upper lobes or the apical segments of the lower lobes. A sizable percentage of the tuberculosis which occurs in immunodeficient persons will be due to reinfection, as opposed to reactivation.

· Alternatively, if the initial cellular defence fails to control multiplication, bacteria continue to invade the pulmonary tissue. This may heal spontaneously or evolve further into active pulmonary tuberculosis (primary pulmonary tuberculosis). The latter is typically accompanied by enlarged hilar lymph nodes. There is progressive destruction of pulmonary tissue with possibly formation of cavities in the lung. The patient will expectorate bacteria (open pulmonary tuberculosis) and thus threaten his or her environment.

· If bacteria are carried to other organs through the blood, there will be miliary tuberculosis (L. miliarius = millet seed). This is a very serious illness. It results in a characteristic chest X-ray picture of bilateral finely disseminated grains of not more than 1-2 (max 5 mm) diameter. 

· Late flare-ups of disseminated tuberculosis lead to organ tuberculosis, e.g. tuberculous pericarditis with or without constriction, involvement of the kidneys, hip, etc.

· There is much discussion regarding the site of re-infection and re-activation. At present it is known for certain that re-infection can occur and is responsible for some of the clinical disease. People who have had tuberculosis must not be regarded as immune. By means of various molecular techniques (DNA fingerprinting) attempts are being made to determine the role re-infection plays in the tuberculosis problem. This will vary depending on the frequency of open pulmonary tuberculosis in the population.

· A few years ago a more virulent clone of Mycobacterium tuberculosis, called the “Beijing strain”, was isolated. This strain exhibited a typical pattern upon DNA analysis (spoligotyping). Contrary to usual expectations, this is a bacterium which apparently has increased fitness (most mutations decrease fitness when compared with the wild type). Only time will tell what role this strain will play in the problem of tuberculosis.

*

Note: TB reactivation

AIDS is not the only way in which tuberculosis may be activated. Recently it has been observed that patients with Crohn’s disease or rheumatoid arthritis who are treated with infliximab (Remicade®), a monoclonal antibody against tumour necrosis factor alpha, exhibit an unusually high incidence of activation. People with vitamin D deficiency are at higher risk of active pulmonary tuberculosis. For example, the vegetarian Gujarati in London, away from their sunny Indian homeland and suffering vitamin D deficiency due to their special diet, are at a 10 percent higher risk than other population groups in London.

7 Clinical aspects XE "Tuberculosis: clinical aspects" 
7.1 Clinical aspects, general

Tuberculosis may affect any organ in the body. Extrapulmonary locations (involvement outside the lung) are common in AIDS. Chronic fever is often present. Night sweats are a common symptom. Loss of weight is also frequent. In some countries (e.g. Cambodia) misuse of cortisone is common. Such practices will of course exacerbate the course of the disease.

There is substantial evidence that host genetic factors are important in determining susceptibility to mycobacteria. The major histocompatibility complex and vitamin-D receptor genes may be involved in determining human susceptibility to mycobacteria.
7.2 Clinical aspects, pulmonary tuberculosis
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Pulmonary tuberculosis is the most common (70 %). Initially there are few symptoms. The patient may be tired and listless. There is loss of weight, anorexia, mild fever and night sweats. There is a chronic, productive cough, sometimes with bloody phlegm. In children there are rarely cavities and the sputum contains few acid-fast rods. Sometimes gastric aspiration will be necessary for the diagnosis. The Mantoux test is positive in HIV-negative children. All in all, the diagnosis is often difficult. Pulmonary tuberculosis may be particularly disastrous in combination with pneumoconiosis.

*

Diff. diagnosis of lung cavity: In case of Ziehl-negative pulmonary cavities, consideration should also be given to inactive healed tuberculous residual lesions, paragonimiasis and fungal infection (e.g. histoplasmosis of the lung), melioidosis, a necrotising tumour or pulmonary abscess. The latter may be the result of staphylococcal infection or Klebsiella pneumonia. A pulmonary abscess often follows aspiration. Situations where this is common include coma, post-anaesthesia, epilepsy, drunkenness, swallowing disorders and oesophageal problems such as achalasia or mega-oesophagus in Chagas’ disease. An intrabronchial foreign object is another aetiological possibility for pulmonary abscess. It is important to check whether there is clubbing. An Echinococcus granulosus cyst in the lung is generally thin-walled and sharply delineated, unlike a tuberculous cavity or a pulmonary abscess. Congenital or acquired bronchial stenosis are rare causes. 

*

Aspergilloma can locate within a lung cavity. This may persist for many years without symptoms. Haemopthysis is the most common clinical complication. At radiography, a mobile rounded mass surrounded by a crescentic air shadow (air-crescent sign) is noted inside a lung cavity. Such a fungal ball is usually mobile. Thickening of the wall of the tuberculous cavity is an early radiological sign. 

*

A tuberculous pulmonary artery mycotic aneurysm is also known as a Rasmussen aneurysm. It results from the weakening and external erosion of the pulmonary arteryl wall, followed by dilation of a branch of a pulmonary artery in a tuberculous cavity. It may lead to rupture and haemorrhage.

*

Bronchopleural fistula and bronchiectasis can result as complications of pulmonary tuberculosis. Tracheobronchial stenosis can result from external compression or inflammation and scarring of the tracheobronchial wall. Complete destruction of a whole lung is not uncommon in late pulmonary tuberculosis. Broncholithiasis is an uncommon complication.

*

Bronchogenic carcinoma and pulmonary tuberculosis can coexist, creating a difficult diagnostic problem. Tuberculosis may promote lung cancer ("scar cancer") and carcinoma may lead to reactivation of tuberculosis by eroding into an encapsulated focus and by decreasing the patient's resistance.

7.3 Clinical aspects, pleura

Involvement of the pleura (7% of patients) is accompanied by an effusion of pleural fluid. This is an exudate and the fluid is thus rich in protein (> 3g%). It is often difficult to detect acid-fast rods in this fluid. There is more chance of finding the bacteria in a pleural biopsy. For this a special needle is needed (Abrams needle, also possible with a Vim-Silverman). DD: Pleural exudate may also occur in pneumonia, pulmonary embolism, neoplasia and certain auto-immune diseases such as SLE [systemic lupus erythematosus] and RA [rheumatoid arthritis].

*

Chronic pleural tuberculosis can lead to a chyliform or pseudochylous pleural effusion. In these cases, it is thought that there is slow and steady accumulation of cholesterol from degenerated red and white blood cells. On a CT-scan, a fat-fluid or even fat-calcium level can be seen sometimes.

7.4 Clinical aspects, pericardium
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Initially there may be exudative pericarditis. At a later stage the chronic granulomatous inflammatory process provokes thickening of the pericardium, which can lead to constrictive pericarditis with calcifications. The thickened pericardium encloses the heart and makes diastolic expansion difficult, especially when the effusion is sudden. The cardiac output falls considerably as a result. The radiological image of pericardial effusion may be similar to cardiomegaly in myocarditis or dilated cardiomyopathy, but a “water flask”-shaped heart shadow is suggestive for pericardial effusion. The jugular distension may increase upon deep inhalation (Kussmaul’s sign). At the same time the blood pressure falls by more than 10 mm Hg (paradoxical pulse). Paradoxal pulse is an exaggeration of the normal variation in the pulse volume with respiration, becoming weaker with inspiration and stronger with expiration. These changes are independent of changes in pulse rate. A pericardial friction rub is usually present, unless large effusions exist. The ECG shows low voltage complexes with PR-depression, concave ST-segments in all leads, flat or inverted T-waves, with or without atrial fibrillation. Echocardiography is very helpful in this disease, but is not available in many hospitals in third world countries. By means of an abdominal ultrasound, however, (more commonly available) it is also possible to detect pericardial fluid via the subxyphoidal route (when one uses an abdominal probe).

Note: pericardial effusion

Both layers of the normal pericardium are 1-2 mm thick. They enclose a space which normally contains 15-35 mL pericardial fluid. More than 250 mL fluid is needed to enlarge the cardiac outline on chest X-ray. Lesser amounts can be detected by echography.

7.5 Clinical aspects, miliary tuberculosis
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If there is dissemination throughout the body with further multiplication of the bacteria, the term miliary tuberculosis is used (2 to 3% of patients). The patient loses weight, is febrile and the general condition deteriorates progressively. If untreated, the patient dies. The chest X-ray shows a characteristic picture (disseminated round "millet seeds"). A Ziehl stain of the sputum is often negative. The white blood cell count is normal in 60-90% of patients. There are a few other disorders which may cause a similar radiological picture, such as pulmonary haemosiderosis (e.g. in long-term mitral stenosis), deep fungal infections (e.g. histoplasmosis), pneumonia from varicella virus (chickenpox) and alveolar microlithiasis, also rarely in pneumoconiosis (in mine workers), sarcoidosis, histiocytosis X and diffuse metastases (thyroid, melanoma). 

7.6 Clinical aspects, meninges

Tuberculous meningitis often begins very slowly, although subacute development of symptoms also occurs frequently. There may be one or more cerebral/meningeal granulomas (tuberculomata are best visible on MRI). There is quite often headache, also subfebrility. The patient may develop abnormal behaviour, evolving to sleepiness, confusion, psychotic behaviour, stupor and coma. Disturbed gait and ataxia may be present. Sometimes there is involvement of the cranial nerves, epilepsy, and vomiting. Sixth nerve palsy associated with increased intracranial pressure is a well-known false localizing sign. Neck stiffness is not always present. Upon lumbar puncture the cerebrospinal fluid is clear. It will contain both neutrophils and lymphocytes (generally more lymphocytes than neutrophils). The protein content is elevated and the glucose level lowered. The bacteria can only rarely be detected using Ziehl on the cerebrospinal fluid. In 50% of patients the chest X-ray is normal, and more often than not, there are no signs of tuberculosis in other organs. Differentiation from cryptococcal meningitis is important. Other less common disorders which may be included in a differential diagnosis are Lyme disease, brucellosis, Q fever, neurosyphilis, trypanosomiasis, listeriosis, sarcoidosis, lymphoma and leukaemic meningitis.

7.7 Clinical aspects, kidney
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Haematuria, proteinuria and sterile pyuria (pus cells in urine without the usual bacteria of urinary tract infections). Late-onset tuberculous cystitis is possible. Note that in approximately 15% of patients there is secondary pyogenic infection of the bladder. Often there are asymptomatic or vague, general symptoms. Renal calcification may occur (visible on plain X-ray of abdomen). Destruction of the renal calices can be seen on IVP [intravenous pyelogram] with ulceration, obliteration or dilation. Ureteral strictures may occur, with secondary dilation, atrophic kidney and compensatory hypertrophy of the other kidney. These lesions must be differentiated from schistosomiasis, chronic pyelonephritis and nephrocalcinosis. Tuberculosis of the adrenal gland may lead to Addison’s disease. The primary site will often not be discovered.

7.8 Clinical aspects, bone

Cd_1080_026c.jpg cd_1070_081c.jpg Cd_1080_023c.jpg 

cd_1080_030c.jpg cd_1093_032c.jpg

Involvement of the spinal column or Pott’s disease (Percivall Pott, English physician 1713-1788) often results in back pain with stiffness, hunch back (kyphosis) with local swelling with or without a fistula to the skin. The lesion is generally localised at the thoracic or upper lumbar vertebrae, although the cervical vertebrae are sometimes affected. A very severe complication is compression of the spinal cord with paraparesis or paraplegia. Immobilisation during the first weeks or months of treatment may avoid significant complications. If pus from a lumbar vertebral abscess passes along the fascia of the psoas muscle, it may collect in the groin to form a cold abscess. The patient may keep the hip bent (antalgic posture) if there is psoas irritation. Involvement of the joints, e.g. the hip or knee, is not infrequent. Tuberculous coxitis should be differentiated from Calvé-Legg-Perthes disease (osteochondritis of the upper end of the femur resulting from aseptic necrosis of the epiphysis), hip infarct in sickle cell anaemia, Gaucher’s disease (lysosomal storage disorder) or steroid use, septic arthritis and trauma. Another, rare disease entity in tuberculosis is reactive sterile polyarthritis (Poncet’s syndrome) which can be quite serious.

7.9 Clinical aspects, peritoneum
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Tuberculous peritonitis results in chronic exudative ascites with chronic fever. The peritoneum contains countless disseminated small nodules (granulomatous lesions), which can be observed by laparoscopy. Acid-fast bacteria can be detected in the ascites fluid in a minority of cases. A biopsy of the nodular lesions will show granulomatous inflammation with acid-fast rods.

7.10 Clinical aspects, intestines

People with pulmonary tuberculosis may swallow expectorated bacteria. This may lead to involvement of the intestines (e.g. the ileocaecal region). Intestinal involvement may also occur due to drinking milk infected with bovine tuberculosis (Mycobacterium bovis). Either an ulcerative or a hypertrophic form may result. The ulcerative form of the disease may be very similar to Crohn’s disease.

7.11 Clinical aspects, lymph nodes
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Mycobacterial infection of the cervical lymph nodes results in scrofula. This occurs in 3% of patients, leading to enlarged nodes, which are slightly painful, firmly attached to the skin and sometimes with chronic fistulisation. On a biopsy thick, cheese-like (caseous) pus in the node can be seen. This pus does not smell. If there is tuberculous involvement of the inguinal nodes, elephantiasis may result. Differentiation from actinomycosis must be made (microscopy: sulphur granules). A genital infection with Chlamydia trachomatis XE "Chlamydia trachomatis: tuberculosis, clinical aspects, lymph nodes, differential diagnosis"  (lymphogranuloma venereum) or with Calymmatobacterium granulomatis XE "Calymmatobacterium granulomatis: tuberculosis, clinical aspects, lymph nodes, differential diagnosis"  (donovanosis) may lead to similar lesions as inguinal tuberculosis. 

7.12 Clinical aspects, skin

The symptoms vary greatly: chronic ulcers, infiltrates (lupus vulgaris; the name "lupus" comes from "wolf" in the sense of "voracious"), wart-like lesions (tuberculosis verrucosa cutis). If the lesions are very destructive the term “lupus vorax” is sometimes used. Sometimes another mycobacterium such as Mycobacterium ulcerans XE "Mycobacterium ulcerans: tuberculosis, clinical aspects, skin"  may cause serious skin lesions (see "Buruli ulcer"). These can often be found quite quickly on a smear, but for correct identification which is important for therapy, a culture is essential. 
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Differentiation from sarcoidosis, leishmaniasis, syphilis, yaws, sickle cell anaemia, tropical ulcer, subcutaneous/deep mycosis and skin cancer is also important. Erythema nodosum on the lower legs may be secondary in tuberculosis. Tuberculids are a form of allergic reaction to the mycobacteria, but these skin lesions are rare. Tuberculosis may also cause granulomatous vasculitis, with a predilection for the lower legs. Strong antigenic stimulation plays a part in this disorder, which is known clinically as Bazin’s erythema induratum.

8 Diagnosis XE "Tuberculosis: diagnosis" 
8.1 Diagnosis, general

The diagnosis of tuberculosis is best made by detecting the bacteria, Mycobacterium tuberculosis XE "Mycobacterium tuberculosis: tuberculosis, diagnosis" , which is not always possible. The disease may be suspected from the case history. The contribution made by physical examination is tends to be limited for the pulmonary form, but more important for the extrapulmonary forms.

8.2 Diagnosis, microscopy

The bacterium is surrounded by waxy fats (branched mycolic acids). Basic stains have difficulty penetrating this capsule, unless they are combined with phenol. The mycobacteria are acid-fast, i.e. after staining with carbol-fuchsin the red colour obtained is not removed by acid alcohol (95% ethanol with 3% HCl). Carbol is an old name for phenol and fuchsin is an aniline derivative. Acid alcohol will blanch all cells and other bacteria. A microscopic preparation is easier to read if the background is stained with a different colour. Methylene blue or malachite green is used as a counterstain. This staining method is called Ziehl-Neelsen (named after Frans Ziehl and Friedrich Neelsen, German bacteriologists). In Gram-staining the bacterium is weakly positive or colourless. To increase the sensitivity of the traditional test, 1 to 2 ml of sputum may be mixed with the same amount of concentrated NaOCl (4-5%). The mixture is left to incubate for 15 minutes at room temperature and shaken from time to time. Then 8 ml distilled water are added and the whole centrifuged at 3000 G for 20 minutes. The supernatant is poured off and a drop of the sediment is taken, and stained using the traditional Ziehl-Neelsen method.

Instead of the traditional Ziehl staining, a technique with fluorochromes, such as auramine-rhodamine, may also be used. Blanching can also be done with acid alcohol. A counterstain is then carried out, e.g. with potassium permanganate. The mycobacteria then fluoresce under UV light and can easily be observed against a dark background.
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Ziehl-Neelsen staining XE "Ziehl-Neelsen staining: tuberculosis, diagnosis"  on sputum has limited sensitivity compared to culture. Saprophytic mycobacteria may sometimes make interpretation difficult. In developing countries, in the case of HIV patients with acid-fast rods in the sputum, it is better to assume tuberculosis rather than atypical mycobacteria (tuberculosis occurs much earlier in the course of immune suppression). In AIDS patients there is a lower risk of lung cavity formation and sputum analysis is less sensitive than in immunocompetent persons. It is best to attempt to obtain a second positive specimen, in order to reduce the number of false positives. Ziehl-Neelsen staining of cerebrospinal fluid, pleural fluid and ascites fluid has very low sensitivity.

8.3 Diagnosis, culture

Whereas the detection limit for mycobacteria with standard microscopy is approximately 10,000 bacteria per ml of sputum, for culture it is approximately 100 bacteria per ml. Culture on Löwenstein medium is not indispensable, but without culture patients are missed who have low numbers of bacteria in their sputum. Also no antibiotic sensitivity data can be obtained, and no differentiation can be made with atypical mycobacteria. If no sputum can be obtained, gastric aspiration may be carried out (children). The sample must be decontaminated before it can be used. The transport medium contains cetylpyridinium chloride. Culture results are obtained later than the results of other methods (often not before 1 month, sometimes even longer). Please note that false positive results may be produced, e.g. by laboratory contamination. The diagnosis of tuberculosis should always be reconsidered if there is a significant discrepancy between the clinical and chest X-ray data and those from the laboratory. Mycobacterial culture certainly does not have 100% sensitivity or specificity. 

Using a radiometric method (BACTEC), which is expensive, the time needed for the culture can be reduced to 1 or 2 weeks. The liquid Sula medium is an alternative and probably more sensitive than Löwenstein-Jensen. The bacteria can also be detected using PCR [polymerase chain reaction] technology, but this will of course only be possible in large laboratories. For epidemiological purposes the DNA of mycobacterial isolates is sometimes typed by means of Restriction Fragment Length Polymorphism (RFLP). In this way an answer can be sought to the question of whether bacteria originating from various patients are identical, and thus whether or not there was a common source of infection. 

8.4 Diagnosis, radiology
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Chest X-ray

· A chest X-ray can support the diagnosis of pulmonary tuberculosis, but is not indispensable if the sputum is repeatedly positive after Ziehl staining. A chest X-ray may be taken at the beginning, after 2 months and at the end of treatment. This is not indispensable, however, and is only used if there are clinical reasons and finance permits.

· A chest X-ray is essential in miliary tuberculosis. 

· Pleural tuberculosis: a pleural effusion is radiologically identifiable on a standard posterior-anterior chest X-ray when it exceeds 200-300 ml. There is then a blunting of the costophrenic angle, a homogenous opacification with loss of the diaphragm delineation and a concave upper edge, highest lateral (the Damoiseau line). In extensive effusion there is a shift of the mediastinum to the opposite side. Variants of the effusion described above are subpulmonary localisation (looks like an elevation of the diaphragm) and loculated effusions against the thoracic wall.

*

Skeletal X-ray

· X-ray of the vertebrae is important in Pott’s disease. Initially there is involvement of the intervertebral disk (a narrowed disk space without osteophytes suggests an infection). There follows involvement of the two neighbouring vertebrae, the most pronounced at the anterior part of the vertebral body (DD brucellosis, trauma, metastasis, osteoporotic crush fracture). This may result in collapse of the vertebra and angular kyphosis. An abscess shadow is almost always visible as a fusiform paraspinal swelling. Upon recovery there follows bony ankylosis (often with hunched posture).

· The need for X-ray of other parts of the skeleton depends on the clinical picture (e.g. tuberculosis of the hip, osteomyelitis of the skull, etc.).

8.5 Diagnosis, Mantoux
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For skin testing with tuberculin (PPD [purified protein derivative]), WHO recommended in 1963 the use of 2 International Units as a standard dose. The PPD prepared by the Statens Serum Institute of Denmark was recommended as the reference. The activity of PPD preparations was calibrated not biochemically but biologically (tests on tuberculous guinea pigs) and small differences occur between different batches. Using a fine 25 or 26 G needle, 0.1 ml is injected intradermally (middle part of forearm). This produces a pale skin papule which looks like a piece of orange peel. This papule quickly disappears. The test is read after 72 hours. There are differences of opinion as to the criteria for a positive test. Indurations of 18 mm or more are positive. Indurations of 5 to 17 mm are in the doubtful zone. Some sources score a Mantoux as positive from 10 mm, others only from 20 mm. Tuberculin tests are helpful in young children. BCG may sometimes lead to a weak positive reaction (5 to 6 mm, rarely more). A bigger problem is that the intradermal may be false negative during severe tuberculosis (miliary TB), after measles, in malnutrition and in AIDS. In 10 to 20% of patients with the beginnings of active tuberculosis the Mantoux is initially still negative. The so-called Tine test and Monovacc test are easier to use in children, but rather less reliable. If they are positive, a Mantoux test should be carried out for confirmation.

8.6 Diagnosis, biopsy

In scrofula the cervical lymph nodes contain caseous material, in which acid-fast rods can be detected. (In sarcoidosis, there are no bacilli and the granulomas are noncaseating). A liver biopsy for the diagnosis of miliary tuberculosis (detection of epitheloid granulomas with or without acid-fast rods) is generally not possible in developing countries. In tuberculous peritonitis a laparoscopic biopsy is a good diagnostic choice (sensitivity 85-90%). Pleural biopsy is sometimes indicated where pleural tuberculosis is suspected. Even in good hands, however, a pleural biopsy will supply insufficient material in only 5 to 10% of cases. Ziehl staining of the pleural fluid has low sensitivity. One important complication of a pleural biopsy is iatrogenic pneumothorax. A limited pneumothorax is sometimes difficult to identify (more prominent on a chest X-ray taken during expiration). If <20% of the lung has collapsed, spontaneous recovery can be expected. If the collapse is greater, aspiration or insertion of a thorax drain with a water lock is indicated. The drain is placed in the second intercostal space in the anterior midclavicular position.

8.7 Diagnosis, adenosine deaminase

This is an enzyme which is important in purine catabolism. It catalyses the deamination of adenosine and deoxyadenosine. It is present in high concentrations in activated T-cells and macrophages. The activity of this enzyme is increased in tuberculous effusions such as ascites fluid, but also in cerebrospinal fluid. The technique has high sensitivity and specificity for tuberculosis (rather lower if cirrhosis of the liver is present). However, the test apparatus and trained staff are not generally available.

8.8 Diagnosis, PCR and MIRP

MIRP XE "MIRP: tuberculosis, diagnosis"  (microarray-informed rapid PCR) genotyping involves comparing DNA fingerprints from outbreak strains with those from the standard laboratory strain of Mycobacterium tuberculosis XE "Mycobacterium tuberculosis: tuberculosis, diagnosis" . The test discriminates outbreak strains from unrelated strains. In the developing world where 90% of all tuberculosis occurs, such an expensive method does not have any relevance. MIRP genotyping may provide insights into where currently circulating strains of M. tuberculosis come from and how rapidly they are changing.

8.9 Diagnosis, Microplate Alamar Blue Assay (MABA)

The Microplate Alamar Blue Assay (MABA XE "MABA: tuberculosis, diagnosis" ) can be used to determine whether a mycobacterium is sensitive to a given drug. In this test, a colour change in the well of a microtitre plate indicates whether a substance (INH, RMP, EMB, STM) inhibits the bacterium or not. This colometric method gives a result within a week so it is much faster than the traditional antibiotic sensitivity test. Pyrazinamide requires an acid environment for its activity and produces special problems for detection of resistance. Pyrazinamide is therefore not present in a normal antibiogram. One method for testing pyrazinamide resistance is amplification of the relevant DNA sequences using PCR and analysis via blotting.

8.10 Diagnosis, ELISPOT assay and experimental tests

Serological tests have not yet been perfected and at present do not have a role. An immunobinding assay has been developed to detect circulating mycobacterial antigen in cerebrospinal fluid. M. tuberculosis, M. bovis and M. africanum all secrete the antigen ESAT-6. This is not secreted by the BCG strain, or by most atypical mycobacteria. An ELISPOT assay has been developed to detect ESAT-6 specific T-cells (principle of sandwich-capture ELISA). The assay detects gamma-interferon molecules in the immediate neighbourhood of the T-cells which secrete interferon (spot-forming cells) in respons to Mycobacterium tuberculosis antigens. Lymphocytes are separated from a blood sample and are exposed to two proteins unique for M. tuberculosis. The antigens detected be this test are absent from Mycobacterium bovis, BCG and most environmental mycobacteria. The mixture is left overnight in a container lined with antibodies that capture gamma-interferon. Then the T cells are washed and a dye is added to reveal any interferon trapped by the antibodies, which show up as blue spots. Each spot is corresponds to a sensitised T cell. There is a strong positive relation between ESAT-6 ELISPOT results and M. tuberculosis exposure, and there is a lack of relation with BCG vaccination status. This allows asymptomatic M. tuberculosis infection to be distinguished from BCG vaccination, thereby avoiding unnecessary chemoprophylaxis in uninfected individuals. The accuracy of the test and any place it may have in diagnostics, still have to be determined.

8.11 Diagnosis, problem cases

Since a positive Ziehl is obtained in approximately 50% of patients with pulmonary tuberculosis (at least one positive among 3 specimens of morning sputum on different days), the problem of diagnosing "Ziehl-negative tuberculosis" or “sputum negative TB” is very real. The presence of mycobacteria can be suspected if suggestive radiological signs of active tuberculosis are found and a test therapy with antibiotics produces no improvement. The test therapy is aimed at recurrent or persistent pneumonia or pulmonary abscess. Such a therapy must of course contain no clarithromycin, quinolones, rifampicin or streptomycin. Paragonimiasis (lung flukes) may mimic tuberculosis. Examples of rarer pathogens which cause infections imitating tuberculosis are Rhodococcus equi XE "Rhodococcus equi: tuberculosis, diagnosis, problem cases"  and Nocardia sp. XE "Nocardia sp. : tuberculosis, diagnosis, problem cases"  (acid-fast bacteria).

9 Treatment XE "Tuberculosis: treatment" 
9.1 Treatment, general
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Tuberculosis was one of the major causes of death until the beginning of the 20th century. Half of the patients with active pulmonary tuberculosis died within two years, a quarter recovered and a quarter became chronic positive cases. In 1943 the Swedish researcher Lehmann discovered the anti-tuberculous action of para-aminosalicylic acid (PAS). In 1946 the development of streptomycin led to a true revolution in treatment (Sellman Waksman, Nobel Prize 1952). In 1952 isoniazid (INH) was discovered as a tuberculostatic. Rifampicin then followed in 1970. 

*

Tuberculosis bacteria have a fixed, spontaneous and predictable frequency of DNA mutations, resulting in resistance to a drug. These mutations are independent of each other. This means that resistance to one product is generally not associated with resistance to another drug. The presence of resistant bacteria is a consequence of selection of these prior mutations, not a consequence of the administration of medication (the resistance is not triggered by medication). If only one drug were used, these resistant bacteria would be selected for. If a person were initially infected with bacteria resistant for example to INH, and that person is treated with INH and rifampicin, bacteria with rifampicin resistance will be selected. There will then be a relapse of the illness, but this time with bacteria resistant to both INH and rifampicin. These bacteria can then in turn be transmitted to other people. Treatment regimens must always consist of more than one drug. The period of treatment is long, since mycobacteria only divide slowly and are often not metabolically active for long periods (only bacteria with an active metabolism can be killed by products which act by disorganising the metabolism). Resistant bacteria will also be more easily selected if the drugs are taken irregularly or for too short a period. Poor compliance is the main reason for failure of therapy (and not primary microbial resistance). This has consequences not only for the patient, but also for people in contact. There is only a small risk of multidrug-resistant bacteria emerging spontaneously and yet in recent years these forms have become a real problem. Multiresistance means that there is resistance to at least isoniazid and rifampicin, and possibly there may be simultaneous resistance to other drugs. After instituting the correct medicinal therapy, the infectiveness of a tuberculosis patient falls very quickly to nil (in approximately 2 weeks). 

*

Steroids are often included in the treatment of tuberculous meningitis and tuberculous pericarditis (less inflammation and postinfectious fibrosis). Clinical arguments for the use of steroids in other cases are less clear, unless there is Addison’s syndrome.

*

Empyema drainage is carried out using a thorax drain. This is often inserted at the 5th – 6th intercostal space, just posterior to the anterior axillary line, or otherwise at the centre of the collected fluid. Bronchopleural fistulas often have to be corrected surgically. 

*

Sometimes various drugs are processed into one tablet at a fixed ratio: e.g. INH-RMP XE "INH-RMP: tuberculosis, treatment"  (Rifamate®) and INH-RMP-PZA XE "INH-RMP-PZA: tuberculosis, treatment"  (Rifater®).

9.2 Treatment, latent tuberculosis

Asymptomatic immunocompetent people who develop a positive Mantoux test (conversion from negative to positive) have a 2-23% chance (depending on their age) of developing reactivation tuberculosis during their lifetime (on average 5% the first year, 10% during their whole life). The risk of reactivation tuberculosis for HIV infected subjects is 5-10% per year. Administration of isoniazid 300 mg daily (adults) for 6 months, reduces the risk of reactivation of tuberculosis by approximately 90 % in immunocompetent people. The risk is also reduced in this way in HIV-infected, PPD-positive patients, but the optimum period for taking this medication has not yet been determined.

9.3 Treatment, survey of medication

Isoniazid XE "Isoniazid: tuberculosis, treatment" (INH) 

Isonicotinic acid hydrazide (isoniazid) is absorbed well in the intestine, penetrates the tissues well and at correct dosage reaches bactericidal concentrations even in caseous foci and macrophages. It is inexpensive. It can be given during pregnancy. The dose is 5 mg/kg/day, for adults, maximum 300 mg/day. In exceptional cases when reduced sensitivity to INH is suspected, higher doses can be used with caution. To be active, INH has to be converted in the mycobacteria to the final active molecule. This occurs because of a mycobacterial enzyme. If this enzyme is not present, the bacterium is resistant. Significant side effects are peripheral neuritis and hepatitis. Neuritis occurs more often in pregnant women, alcoholics, diabetics or people with renal insufficiency. It can be prevented by pyridoxine (vitamin B6) 15 to 50 mg/day or 250 mg per week.

*

Rifampicin XE "Rifampicin: tuberculosis, treatment" 
Rifamycins are a group of structurally related complex macrocyclic antibiotics which are produced by Streptomyces mediterranei XE "Streptomyces mediterranei: tuberculosis, treatment, Rifampicin" . Rifampicin is a semisynthetic derivative of one of these molecules (rifamycin B). Rifampin (rifampicin) is a zwitterion and is soluble in water at an acidic pH. Intestinal absorption is reduced by food. Oral administration of rifampicin produces peak concentrations in plasma in 2 to 4 hours. After ingestion of 600 mg this value is about 7 microgram/ml, but there is considerable variability. Following absorption from the gastrointestinal tract, rifampicin is rapidly eliminated in the bile and an enterohepatic circulation ensues. During this time there is progressive deacetylation of the drug, such that nearly all of the antibiotic in the bile is in the deacetylated form after 6 hours. This metabolite retains full bacterial activity. The half-life of rifampicin varies from 1.5 to 5 hours and is increased in the presence of hepatic dysfunction. There is progressive shortening of the half-life by about 40% during the first 14 days of treatment, due to induction of hepatic microsomal enzymes. Adjustment of the dosage is not necessary in patients with impaired renal function. Rifampicin is distributed throughout the body and is present in effective concentrations in many organs and body fluids, including the CSF. This is exemplified by the fact that the drug may impart an orange-red colour to the urine, faeces, saliva, sputum, tears and sweat. Patients should be so warned.
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Microbial resistance may occur as a one-step process and is due to an alteration of the target of this drug, the mycobacterial DNA-dependent RNA polymerase.

Spontaneous resistance to this product occurs in one in 107 to 108 mycobacteria, which means that monotherapy must not be used. Rifampicin (RMP) is given on an empty stomach. It has a powerful bactericidal action on both intracellular and extracellular bacteria. It stains the urine and tears orange/pink. There may be pruritus and nausea. Hepatitis is an important side effect. If the hepatitis is severe (which is rare) and the combination of INH and RMP has been used, then both drugs must be discontinued. Upon normalisation of the liver tests, treatment with INH alone can be started again. Rifampicin increases the breakdown of a number of other drugs including oral contraceptives. No side effects upon the foetus are known, and rifampicin is probably safe. It is expensive. The dose is 10 mg/kg/day, for adults to a maximum of 600 mg/day. 

*

Rifabutin XE "Rifabutin: tuberculosis, treatment"  and Rifapentin

Rifabutin XE "Rifabutin: tuberculosis, treatment"  (Ansamycin®) is a related product and is used in the treatment of tuberculosis if the patient is taking HIV-protease inhibitors. Rifapentin XE "Rifapentine: tuberculosis, treatment"  (Priftin®) is a new product which appears promising in treatment and prevention. Experience with this drug is still limited.

*

Pyrazinamide XE "Pyrazinamide: tuberculosis, treatment"  (PZA) 

Pyrazinamide is a powerful bactericide and acts only on intracellular bacteria. In vitro it is only active in an acid environment. M. tuberculosis does not grow under these conditions in vitro, however, so PZA is not included in a traditional antibiogram. Resistance to pyrazinamide can only be traced via molecular biological techniques. It was previously assumed that the low pH in a phagolysosome of a macrophage, explained the in-vivo action of the product, but doubts about this are now emerging. Pyrazinamide is a pro-drug. It is hydrolysed to pyrazinoic acid, the active metabolite, by the mycobacterial enzyme pyrazinamidase. The details of the metabolism and the anti-tuberculous action are as yet unclear. Liver toxicity and hyperuricaemia with gout are side effects. The dose is 35 mg/kg/day, with a maximum for adults of 2 to 2.5 g/day. There are insufficient data on pregnancy, but the drug is probably safe.
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Ethambutol XE "Ethambutol: tuberculosis, treatment"  (EMB) 

This is a weak to moderately active bacteriostatic product. Optical neuritis is a potential side-effect with long term use. An early symptom of this is loss of colour vision. The patient has difficulty in distinguishing between red and green. This is ascertained by using a book which contains specific coloured patterns (Ishihara test). Regular eye controls are indicated. Ethambutol may be given to pregnant women. The dose is 15 to 25 mg/kg/day. Lower doses are necessary in renal insufficiency.
*

Streptomycin XE "Streptomycin: tuberculosis, treatment"  (STM)

Powerful antibiotic active only against extracellular bacteria (neutral pH). It is not absorbed from the intestine and is administered IM. There are, however, important side effects on the kidneys and the 8th cranial nerve (equilibrium and hearing). Damage to the kidneys, unlike hearing, is reversible when the drug is stopped soon enough. The ototoxicity is attributable to an effect on the sensory cochlear and vestibular epithelium. Carriers of a certain mitochondrial DNA mutation are said to be at higher risk of toxic effects (matrilineal transmission). Pregnancy and renal insufficiency are contra-indications for the use of aminoglycosides. The dose of streptomycin is 15 to 20 mg/kg/day (lower for older people). Other aminoglycosides such as kanamycin or amikacin have an inferior antimycobacterial action.

*

Various second-choice agents

Thioacetazone XE "Thioacetazone: tuberculosis, treatment"  (= thiosemicarbazone) has low activity and is inexpensive. Other commonly used names for thiacetazone are thioacetazone and amithiozone. Among its important side effects are cutaneous reactions, which are worse in AIDS patients. Dose 4 mg/kg/day, adults 150 mg/day. 

Para-aminosalicylic acid XE "Para-aminosalicylic acid: tuberculosis, treatment"  (12-15 gr/day) : virtually abandoned.

Cycloserine XE "Cycloserine: tuberculosis, treatment"  (750 mg/day) are second choice drugs which are less effective, have more side effects, but can sometimes be used where there is resistance. Cycloserine is well absorbed after oral administration. Cycloserine is an orally effective tuberculostatic agent that distributes well throughout body fluids, including the CSF. It is metabolized, and both parent and metabolite are excreted in urine. Accumulation occurs with renal insufficiency. Adverse effects involve CNS disturbances, epileptic seizure activity may be exacerbated. Peripheral neuropathies are also a problem. 

Ethionamide XE "Ethionamide: tuberculosis, treatment"  (750-1000 mg/day) is a structural analog of isoniazid (it is a thioamide), but it is believed not to act by the same mechanism. Its oral administration is effective, and the drug is widely distributed throughout the body, including the cerebrospinal fluid. Metabolism is extensive. Ethionamide can inhibit acetylation of isoniazid. The urine is the main route of excretion. Adverse effects include gastric irritation, hepatotoxicity, peripheral neuropathies, and optic neuritis.

Capreomycin XE "Capreomycin: tuberculosis, treatment"  (1 gr/day) is a polypeptide antimicrobial substance consisting of a mixture of capreomycine IA, IB, IIA and IIB. It is administered via deep IM injection. The side effects on the kidneys and the eight cranial nerve is similar to that of aminoglycoside antibiotics such as streptomycin. Hypokalemia has been reported. Eosinophilia commonly occurs with capreomycin. 

Others : the quinolones ofloxacin or ciproxin may also be used. The S(-) enantiomer of ofloxacin is levofloxacin and it is not active against mycobacteria. Some of the new macrolides such as clarithromycin XE "Clarithromycin: tuberculosis, treatment"  [Biclar®, Heliclar®] are promising. Research is being carried out as to whether the new class of oxazolidinones, the class of linezolid XE "Linezolid: tuberculosis, treatment"  (Zyvox®), are agents which have an antituberculous action. The use of gamma-interferon XE "Gamma-interferon: tuberculosis, treatment"  via aerosol is being studied as adjuvant therapy for multidrug-resistant tuberculosis. This substance activates macrophages. The treatment of multidrug-resistant tuberculosis is approximately 100 times as expensive as the traditional treatment of non-resistant tuberculosis. Sometimes surgery (partial lung resection) is needed.

*

Note: Isocitrate lyase inhibitors

Mycobacteria replicate in the vacuoles of macrophages and their environment changes when macrophages are activated and form granulomas. The bacteria respond by switching their metabolism away from carbohydrates and towards using fatty acids. In chronic persistent M. tuberculosis the enzyme isocitrate lyase is very important in this respect. This enzyme plays a key role in the glyoxylate shunt (in the Krebs-Kornberg cycle). Two molecules of acetylCoA are converted to succinate in this biochemical cycle. Fats form an important source of acetylCoA. Succinate is a precursor for glucose synthesis. The glyoxylate cycle permits the bacterium to synthesise carbohydrates from fatty acids. If the gene for isocitrate lyase is destroyed, the intracellular survival of the bacterium is jeopardised. The enzyme does not occur in humans. Research is now being carried out as to whether inhibiting this enzyme could be beneficial in the treatment of tuberculosis.

9.4 Treatment, examples of regimens

Mycobacterium tuberculosis multiplies slowly and can remain inactive for a long time. Metabolically inactive bacteria are insensitive to antibiotics. Therapy of pulmonary tuberculosis has to be long-term (not less than 6 months) and even longer (one year) for other forms such as tuberculosis of the bone or meningeal tuberculosis. There are various regimens. Local guidelines should be observed, if they exist. At present DOTS is popular (directly observed treatment, short course), which means that the drugs are administered under the supervision of a nurse. In order for the service to have optimum effect there must never be an interruption of stocks, the service must be good, must be easily accessible and the care providers should take responsibility for real care.

*

Example: 

· Basic 6 month therapy: 2 months INH (H) + RMP (R) + PZA (Z) + EMB (E), followed by a further 4 months INH + RMP

· In case of relapse with sputum positive: 8 month therapy: 2 months SHRZE, 1 month HRZE, 5 months HRE

*

Special situations
· Pregnancy: INH + EMB + RMP, no streptomycin, PZA unknown (probably safe)

· Breast feeding: normal therapy for mother, INH-prophylaxis and then BCG for the child

· Liver disease: if not a consequence of the medication, no special adjustment necessary. It is advisable to avoid PZA in alcoholic liver disease.

· Renal insufficiency: normal dose of INH + RMP, half dose of EMB, 3/4 dose of PZA, no streptomycin

· AIDS: normal dosages if no antiretroviral therapy, no thiosemicarbazone (risk of exfoliative dermatitis)

· Tuberculosis of the spine with threatened paraplegia: surgical consultation is indicated (decompression, possibly spinal fusion with bone grafts) and bed rest. 

9.5 Treatment, problems with therapy compliance

The development of tuberculostatic therapy has made it possible in theory to cure almost every tuberculosis patient. Nevertheless practice proves otherwise. This is because continued compliance with the therapy is essential for a complete and definitive recovery. Problems with therapy compliance are not confined to developing countries; not all patients do fully comply with their therapy in industrialised countries either. It is estimated that 33% of the patients in the "developed" world do not follow the medical instructions correctly. Treatment which is administered irregularly or stopped too soon has serious consequences, not only for the patient but also for the whole community.

*

Ascertaining therapy compliance

How do we know whether a patient takes the prescribed medication? By asking the patient, of course, but this does not always lead to reliable data. Some forget, or refuse to state that they have not taken the prescribed doses. Rifampicin stains the urine and other bodily fluids orange-red and can thus be easily recognised. Using a simple urine stick, isoniazide can be traced, but this test material is usually not available in developing countries. Patients may also refuse to give a urine sample.

*

Reasons for poor therapy compliance
Why does a patient refuse to take medicines which can prevent him or her dying from tuberculosis? There are various reasons. Tuberculosis requires long-term uninterrupted treatment, in which several pills have to be taken every day. The side effects may be unpleasant. The symptoms of the disease subside very quickly. Once the symptoms have disappeared, the patient might think that further treatment is unnecessary. If the symptoms continue for longer than expected, the patient thinks that he is being given the wrong treatment and therefore interrupts the therapy. The patient may be struggling with other problems, such as debts and hunger, which demand more attention than the illness "which after all is getting better".

*

To prevent poor therapy compliance it is of great importance to convince the patient that the dangers of tuberculosis are real and to explain the limitations of the treatment. Poor therapy compliance is difficult to predict for each patient, except those patients who have previously proved to have little discipline. Nevertheless even well-meaning patients may be in material, psychological or socio-economic circumstances which may lead to poor therapy compliance. Examples are extra physical or mental stress, misunderstanding, behavioural disorders, homelessness, unemployment, low income, transport problems, lack of familial or social support, migration. In such cases extra attention and supervision are needed from the health worker. The requirement for therapy compliance is an integral part of the treatment.

*

Ways of improving therapy compliance
· Therapy compliance can be assisted by shortening the treatment. As well as the advantage of reducing the total treatment period to 6 months (short course) this also leads to a reduction in costs. Therapy compliance can also be improved by combining several drugs in one pill, or administering them as an injection. Adaptations to the packaging of the pills may help the patient to remember when the medication must be taken and whether the medicines have already been taken on a certain day.

· A small present (a reward or encouragement) to motivate the patient to what is asked. The use of such incentives has a symbolic value. It is not so much what the patient receives, but it is the thought that counts. This is usually food or money. Sometimes an incentive only serves to make a patient prepared to come to the dispensary or hospital. Such a policy should be considered in consultation with other health authorities in the region. Social contact can also have the effect of an incentive. Many patients are very pleased when a nurse calls at their home and gets to know the family.

· Instruction is generally given in combination with other measures. Information alone is not sufficient. Patients must be convinced that they have to adjust or change their behaviour. Individual messages must be adjusted to suit the language and culture of the patient.

· Taking medication under supervision means that the nurse ensures that the patient swallows the tablets. In a rural area this is difficult, but in towns and cities or slum areas it is possible. To ensure full therapy compliance, supervision should be maintained for the full duration of the treatment. In particular, patients with positive sputum and also those having repeat treatment, are eligible for supervised ingestion of medication. Hospitalisation is an alternative.

· Drawing on local health workers is an essential element of an efficient tuberculosis eradication programme. They usually belong to the same community as the patient.

10 Prevention XE "Tuberculosis: prevention" 
10.1 Prevention, vaccination

For vaccination use is made of a live vaccine based on the "Bacille de Calmette-Guérin XE "Bacille de Calmette-Guérin: tuberculosis, prevention" " (BCG XE "BCG: tuberculosis, prevention" ). The vaccine takes its name from Albert Calmette, a pupil of Pasteur, and Camille Guérin. In 1908 they discovered that Mycobacterium bovis XE "Mycobacterium bovis: tuberculosis, prevention"  is attenuated when it is cultured in vitro in a medium containing bovine bile. The bacterium was passaged every three weeks for 13 consecutive years (i.e. throughout the first world war, and the laboratory was in Lille close to the front line) until 231 generations later, a very mild strain was obtained which no longer posed a danger to humans but was still considered to bring about immunity to tuberculosis. BCG is thus an attenuated, but live strain of Mycobacterium bovis. BCG was used for the first time in France in 1921, to vaccinate children. The vaccine is usually administered to the upper arm (sometimes also the forearm of buttock) and often leaves a fibrous scar of 6-9 mm diameter. The value of BCG vaccination of neonates is controversial (protection in various studies fluctuates between 0 and 80 %). The incidence of tuberculosis in the West fell without general use of BCG. Tuberculosis in the third world is very common in spite of large-scale use of the vaccine. BCG does not prevent infection as such and its prevention of pulmonary tuberculosis is even less convincing. Possibly the limited duration of the partial protection is an important element. What it does reduce significantly is haematogenic dissemination, and thus it diminishes the occurrence of complications such as meningitis and miliary tuberculosis. In this way it has reduced mortality in children and the WHO has included the BCG vaccine in the “WHO Extended Program on Immunisation". BCG gives partial protection against leprosy and Buruli ulcers. If the concentrations used are too high, if higher volumes are injected than indicated or if vaccination is subcutaneous, there may be local ulceration and complications (BCG adenitis). Tuberculostatics are sometimes necessary for treatment of the latter. Note: the BCG strain is resistant to PZA.

New vaccines are being developed. A promising one uses a recombinant vaccinina virus Ankara (MVA, see chapter on smallpox). This modified virus is engineered to express Mycobacterium tuberculosis antigen 85A (M.85A). This gene produces a mycobacterial protein antigen, an enzyme involved in building the cell wall. The antigen is a highly conserved protein common to all mycobacterial species. The protein is actively secreted. Administration of this strongly boosts BCG-induced immune responses. 

10.2 Prevention, passive testing

Passive detection relies on testing for tuberculosis in patients with chronic persistent cough. Any patient who coughs for more than 14 days should be tested for tuberculosis (repeated sputum samples).

New vaccines are being developed. A promising one uses a recombinant vaccinina virus Ankara (MVA, see chapter on smallpox). This modified virus is engineered to express Mycobacterium tuberculosis antigen 85A (M.85A). This gene produces a mycobacterial protein antigen, an enzyme involved in building the cell wall. The antigen is a highly conserved protein common to all mycobacterial species. The protein is actively secreted. Administration of this strongly boosts BCG-induced immune responses.

10.3 Prevention, active testing

Screening programmes are only possible in special settings (e.g. mine workers). Contacts of anyone with open pulmonary tuberculosis should be tested. In regions with a higher standard of living it can be assumed that approximately 6 to 10% of people with a positive tuberculin test, will develop some clinical form of tuberculosis. If a positive skin test is ascertained in a healthy person, and if this person has a high risk, chemoprophylaxis may be given (INH 5 mg/kg/day for 6 or 12 months). This reduces the risk of later active tuberculosis by 90%. A high risk is: age more than 35 years, recent “virage” (<2 years), diabetes, malnutrition, recent and close contact with pulmonary tuberculosis. HIV-positive patients form a separate high risk group.

10.4 Prevention, medical staff and multiresistance

Medical staff who work with patients with a high risk of multiresistant tuberculosis, should be asked to follow a few guidelines, as well as use personal prophylaxis (masks).

*

Before initial exposure to high-risk patients: 

· Mantoux if formerly no positive reaction

· Chest X-ray, if none is already available from within the previous 12 months

· HIV test and exclude history of immunosuppression (e.g. Imuran®)

· No BCG if negative Mantoux: the additional advantage is low and some diagnostic value is lost later. This guideline is not generally accepted, however.

*

At annual check-up

· If symptom-free: Chest X-ray and Mantoux preferably 2 months after last contact. If there are symptoms these tests will of course be done sooner

*

 Treatment of probably resistant tuberculosis
· If only Mantoux conversion: pyrazinamide and ofloxacin or ciprofloxacin. Another possibility is not to start any treatment and to ensure follow-up.

· If there are symptoms, abnormal chest X-ray or positive culture: extensive regimen containing for example amikacin, ofloxacin, ethambutol, pyrazinamide and ethionamide or cycloserine in the initial phase. N.B. Do not confuse cycloserine with cyclosporin.

11 Exercises XE "Tuberculosis: exercises" 
1. Angola. A 30-year-old woman has open pulmonary tuberculosis. She weighs 50 kg. Treatment?

2. Zimbabwe. A woman was previously given long-term treatment for a "lung problem". She has since had disturbance of equilibrium and her hearing is not good. Could this be a side effect of oral medication?

3. Pakistan. A man with tuberculosis has been following his therapy for 7 months (INH, RMP, EMB for the first 2 months, and then INH and RMP). For the last 3 weeks he has walked with a strange gait. When he steps, he plumps his foot on the ground with a thud. He asks your advice. What do you think?

4. Mali. A man has had 6 weeks treatment for pulmonary tuberculosis and says that everything is looking more and more grey. What do you do?

5. Tanzania. One week after beginning therapy for pulmonary tuberculosis, a man comes to ask your advice because he apparently has a relapse of bilharziosis. What do you think?

6. Niger. A 57-year-old man has been coughing for quite some time. What do you think of an intradermal test for tuberculosis?

7. Uganda. A 24-year-old woman has been losing weight for some time. She has a cough and recently she has become short of breath. She has fever. She has been given cotrimoxazole, which brought an improvement, but she remains thin and in a generally fragile condition. She has pruritus and frequent, watery stools. A little while before the end of her therapy, she again begins to cough, she has fever and is short of breath. What do you think?

8. Sumatra. A Vietnamese boat refugee has had pain for some time on the right side of his neck. A surgeon noticed a local swelling. This was incised, but you do not know what was found. The man was sent home with penicillin. Two months later the lesion has still not healed. There are three swollen lymph nodes which can be felt, one of which has fluid draining to the skin. What do you think?

9. Tanzania. A 40-year-old woman is admitted with paralysis of both legs. This happened about two weeks ago. The legs are hypertonic. The patient has a fever of 38.7(. Why would you want to see the patient’s back? Would you want an X-ray? If so, which and why? Can this be poliomyelitis?

10. Rwanda. An emaciated man has been treated for some time for tuberculosis. During the treatment he developed oral sprue which was treated with gentian violet. He developed fever and neck stiffness. A lumbar puncture shows some rare round organisms. Could this be tuberculous meningitis? What do you think?

11. Give some information on the interaction of tuberculosis and AIDS.

12. Sudan. A 36-year-old African man who has travelled a great deal has complained for 2 months about significant loss of weight, anorexia and fever. He has several enlarged cervical lymph nodes. What diagnosis (or diagnoses) do you consider? (1) HIV infection, (2) kala azar, (3) West African trypanosomiasis, (4) lymph node tuberculosis, (5) Hodgkin’s lymphoma? 

13. India. A 29-year-old man has a persistent cough. With Ziehl staining red rods are found in the sputum. After 5 weeks of tuberculostatics there is still no improvement. What are the possibilities?

14. Bhutan. You are shown a chest X-ray of a patient with right thoracic discomfort. The X-ray shows an homogenous greying of the right hemithorax. Classify the following possible diagnoses depending on the position of the mediastinum (to be evaluated from the position of the trachea and the heart): (a) large pleural effusion or empyema, (b) consolidation of the whole lung in severe pneumonia, (c) lung collapse (occlusion of main bronchus, e.g. carcinoma, mucus plug, foreign object).

15. Indonesia, Sulawezi. A 40-year-old woman is admitted with ascites. How would you differentiate between heart failure, liver failure with or without portal hypertension, nephrotic syndrome, tuberculous peritonitis, carcinomatosis of the peritoneum, rupture of lymph vessels to the peritoneum in Wuchereria bancrofti?

16. India. A 25-year-old man presents with a chronic swelling of the right ankle. You notice a small wound which secretes fluid upon compression. Do you think of chronic osteomyelitis with fistula, Madura foot or tuberculosis? Are there other possibilities? What do you do? 

17. Zimbabwe. A pronounced pleural effusion is ascertained in a young man. If you were to carry out a pleural fluid aspiration, you might obtain transudate, exudate, purulent fluid or a bloody aspirate. Which diseases fit which result? (more than 1 possibility): heart failure, nephrotic syndrome, tuberculosis, pulmonary infarct, tumour (bronchus carcinoma, metastasis, mesothelioma), connective tissue disease (SLE, RA), pneumonia, high liver  abscess, trauma.

18. Honduras. A 25-year-old patient has hilar lymphadenopathy on a chest X-ray. From these data, do you think initially of sarcoidosis, tuberculosis or a tumorous process? If the swelling is bilateral, does that make sarcoidosis more or less likely?

19. Congo. A 50-year-old white woman consults you because of recent mild painful, non-pruritic swollen red spots on both lower legs. The lesions are not ulcerating. Is this suggestive of erythema nodosum? What do you consider as a possible aetiology: sarcoidosis, streptococcal infection, tuberculosis, Yersinia enteritis, Crohn’s disease or ulcerative colitis, drug-reaction (sulfonamides, phenacetin, antipyrine, penicillin, salicylate)? What evidence are you going by? What do you think of the possibility of erythema nodosum leprosum? 





















































































