Tuberculosis – 24/02/03
Concept
Tuberculosis is the single most infectious disease in the world, killing about 3 million people a year worldwide and infecting about 1/3 of the world’s population. It is highly infectious and is transmitted mainly via respiratory droplets, therefore easily passed on – and is characterised by a caseous necrosis. The bacterial agent causing TB is: mycobacterium tuberculosis & mycobacterium bovis. 
Occurrence 
TB most commonly occurs in crowded areas, due to easy transmission and often spontaneously infects immunocompromised patients – eg: AIDS. There are a range of people that are more susceptible to TB including:
· Diabetics
· Hodgkin’s lymphoma: enlarged lymph nodes and spleen

· Chronic lung disease: COPD’s etc
· Mal-nutrition

· Chronic renal failure

· Alcoholism

· Immunosuppression: elderly, AIDS etc

TB is acquired through two main mechanisms. Inhalation of droplets coughed/sneezed. This will largely affect the respiratory tract – therefore causing pulmonary tuberculosis – agent being: mycobacterium tuberculosis. Ingestion of milk can also cause TB – agent being: mycobacterium bovis. 
Virulence (Robbins pg 349)
The pathogenicity of M.tuberculosis is characterised by its ability to escape phagocytosis by macrophages and induce delayed-type hypersensitivity reactions. The cell wall of the bacteria have chord factor – a surface glycolipid – avirulent strains do not have this feature. Secondly, LAM (lipoarabinomannan) - a heteropolysaccharide – inhibits macrophage activation by interferon-gamma. Also induces secretion of TNF-alpha by the macrophages, which causes fever, tissue damage and weight loss – and IL-10 which inhibits T-cell activation and proliferation. Thirdly, they have complement on their surface which when activated causes uptake of bacteria by the macrophage complement receptor CR3 – therefore inhibiting kill of the organism. Lastly, the mycobacterium contains a heat shock protein, similar to a human one, which is thought to be responsible for auto immune reactions induced by M.tuberculosis. 
Initial inflammation (Robbins pg 350)

Initial exposure to mycobacterium tuberculosis causes a non-specific inflammatory response, similar to any bacterial invasion. Within 2-3 weeks, a positive skin reaction (Mantoux test) is usually seen, and you get a classic granulotamous lesion. Refer to last years notes for structure of this type of lesion. Later on, the granulotamous lesion becomes caseous centrally, bordered by macrophages, giant multinuclear cells and lymphocytes. 
Primary infection (Robbins pg 351)
A primary infection develops because M.tuberculosis is inhaled through the respiratory tract, and these usually get deposited in the periphery of one lung. Here they are phagocytosed by alveolar macrophages, and together move to the hilar lymph nodes. Non-sensitised macrophages are not able to kill the mycobacteria – thus the mycobacteria multiply intracellularly – eventually lyse the macrophage to infect other macrophages. Sometimes, the bacteria may get into the circulation – the transported to other parts of the body. 
After a few weeks – T cells activated by the mycobacteria interact with macrophages in 3 different ways:

1. CD4+ helper T cells produce interferon-gamma, activating macrophages to kill the mycobacteria intracellularly. This is done by reaction nitrogen species (i.e.: NO, NO2, and HNO3). Upon occurring – a granulomatous reaction develops – and ‘clearance’ of mycobacteria results. 
2. CD8+ T cells lyse the infected macrophages via Fas-independent-granule dependent reaction therefore eliminating the bacteria

3. CD4-CD8- (double negative) T cells lyse macrophages in Fas-dependent method – not killing the mycobacteria. 

The lysis of macrophages results in the central caseous necrosis, which is an acidic environment – therefore not allowing further growth of the bacteria. This is how the infection is controlled – eventually leading to calcification and scar tissue of the lung and hilar lymph nodes – together known as Ghon complex. 
Primary Pulmonary Tuberculosis (Robbins pg 722)

Lungs are the primary sites for TB infection, development, and eventual resolution. Initial exposure results in a primary infection detailed above – forming a Ghon complex. A Ghon’s complex consists of: a parenchymal subpleural lesion – often closely associated with the interlobar fissure. 
Other organs/systems which may be involved include: GIT (bovine form), skin, lymphoidal organs, oropharyngeal site etc. 

Morphology

Ghon focus: this is the consolidated lesion – appearing grey/white in colour – with a central caseous necrosis. Ghon complex: this is a total complex involving a parenchymal lesion and lymph nodes (enlargement). 
Microscopy (Lecture notes, ‘Raj notes’)

Microscopic examination of a TB lesion views free bacilli (due to extreme multiplication of the bacterium). You also see bacilli within macrophages – these are naïve macrophages unable to kill the mycobacterium. A distinct granulomatous inflammatory lesion is seen (Refer to ‘Raj notes’ – Chronic Inflammation – 2nd year Pathology). Overview: a central caseous necrosis is evident ( surrounded by fibroblasts & modified macrophages with epithelioid appearance ( in turn surrounded by mononuclear leukocytes. Giant multinuclear cells also appear – fused macrophages. 
Systemic dissemination can occur via the blood circulation or lymphatics (eventually leading to the blood circulation) – Haematogenous & Lymphatic. 
Outcomes of Primary TB

Most of the cases, the infected individual is asymptomatic. This is because the lesion is healed by fibrosis and calcification. Sometimes the lesions are not healed – leaving viable bacilli in the central part – waiting to be ‘re-activated’ when immunity decreases due to immunosuppression/immunocompromised states. Sometimes, delayed – type hypersensitivity reactions may occur – causing an increase in resistance to resolution. 
Progressive pulmonary tuberculosis
This can be defined as three separate things, see below:
1. reactivation of incompletely healed primary tuberculosis lesion (described above)

2. reinfection of tuberculosis after primary infection has been healed

3. primary infection is overwhelming therefore causing TB over months or years, due to infection being present over a long period of time
Progressive pulmonary tuberculosis is more prevalent in AIDS sufferers, low socio-economic groups, mal-nourished children, elderly, and certain ethnic groups.
Secondary Tuberculosis (Robbins pg 723, Fig 16-23 pg 724)
In most cases, secondary TB develops as a result of re-activation of dormant, but viable, bacilli within a previous lesion. Usually, the dormancy is explained by a potential subclinical infection – producing asymptomatic patients. The bacilli find themselves in an environment with high oxygen tension – i.e.: lung apices etc. Only up to 10% of people develop a second TB infection. 
Morphology (Robbins pg 723)

Usually located at the apices of one of both lungs. Beginning in size less than 3cm in diameter, local lymph nodes develop similar lesions. The parenchyma develops a small caseous necrosis which doesn’t cavitate due to lesion not in communication with bronchi/bronchioles (favourable condition). From here, the tissue calcifies producing fibrocalcific scares, producing a local adhesion of the pleura. Cavitation (unfavourable condition) results in most cases, rupturing blood vessels resulting in eventual haemoptysis. 
Progressive pulmonary TB can also result in this case, producing large areas of necrosis, rupture of blood vessels and cavitation. The systemic spread of infection may be via airways, blood stream and/or lymphatics. Note: Remember granuloma type lesions are only visible microscopically, not by the naked eye. 

Sometimes the bacilli enter the lymphatic system, and then into the venous circulation eventually leading to the arterial system. Most of the times, the alveolar capillary bed filters out these bacilli – but sometimes this is not the case. You may see the spread of the bacilli within the lung – causing multiple foci of small size (2mm), yellow/white in colour. 
If the pleural cavities are involved you may get tuberculous empyema (i.e.: accumulation of pus in the pleural cavity) or pleural effusion (pleural fluid in lungs), or obliterative fibrous pleuritis (inflammation of pleura resulting in eventual fibrous resolution – causing obliteration of pleural cavity). 
Systemic Miliary Tuberculosis (Notes)
Miliary TB occurs as a result of haematogenous dissemination of mycobacterium tuberculosis. Favoured areas for systemic spread include: liver, spleen, kidneys, retina, bone etc – largely determined by blood supply to that organ. 
Pott’s disease (Robbins pg 1233)

This is a cause of tuberculous osteomyelitis. The spine (thoracic and lumbar vertebrae) are the most common sites for lesions to develop. The infection penetrates the IV discs, involving most that one vertebrae – causing collapsing vertebrae. This compresses the spinal nerves exiting via the vertebral foramen. If the penetration is severe, then the bacilli may make their way into the spinal canal, infecting the CSF – causing meningitis.  
Lymphadenitis: This is the most common form of extra-pulmonary tuberculosis (i.e.: affecting organs apart from the lung). Basically, inflammation of the lymph nodes – usually nodes of the neck region (cervical nodes). 
Intestinal TB: Coughing up sputum (sometimes containing blood) is a common clinical symptom associated with pulmonary TB. If this is swallowed, it can cause intestinal TB involving the GIT. This is different to M.bovis caused by ingestion of milk, from infected cows. 
Symptomatology (Davidson’s 18th Ed. Pg 348 – Table)
Asymptomatic in majority of individuals. If symptoms exist look for: persistent cough, haemoptysis, lethargy, weight loss, wheeze, erythema nodosum (i.e.: small erythematous inflammatory lesions of skin – usually shins), enlargement of lymph nodes (cervical nodes). In miliary TB, look for hepato-splenomegaly. Sputum analysis should always be done. 
Diagnosis (Davidson’s 18th Ed pg 348)

If any of the symptoms mentioned above are obvious then an immediate chest X ray should be ordered. If abnormality is found, then perform sputum analysis (3 different times). Sputum smears stained by Ziehl – Neelsen method (when numerous bacilli present). Culture should be done, if smears negative – also essential for determining level of drug resistance (Dover’s or Lowenstein-Jensen Medium). Lymph node biopsies and fiberoptic bronchoscopy can also help. 
