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Introduction

 Tuberculous bacilli 
were discovered by 
R. Koch in 24-mars 
1882



M. tuberculosis complex

• M. tuberculosis
• M. bovis
• M. africanum
• M. microti
• M. canetti
• M. caprae
• M. pinnipedii



Epidemiology 

 M. bovis (reservoir cattle) and M. africanum (reservoir 
human).

 in 2006 : estimated 9.2 million new cases and 1.5 million 
deaths attributable to TB.

 around one-third of the world's population has latent TB.

 majority of cases occur in the world's poorest nations

 M. bovis infection arises from drinking non-sterilised
milk from infected cows. 

 M. tuberculosis is spread by the inhalation of aerosolised
droplet nuclei from other infected patients.



World-wide incidence of tuberculosis



Factors increasing the risk of TB











Mycobacterium tuberculosis

❏ pathogenesis :
• inhalation of aerosolized droplets from close contacts

• primary TB : 
development of granulomatous reactions in the lungs, +/–
local spread to lymph nodes and  hematogenously to distant 
organs  (extrapulmonary TB, e.g. kidneys, bone)

• lesions usually heal and fibrose in the  immunocompetent

● estimated lifetime risk of developing disease after primary infection is 
10%, with roughly half of this risk occurring in the first 2 years after 
infection.

• secondary/post-primary TB: 

reactivation of dormant organisms and proliferation in 
aging/immunocompromised patients
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Timetable of TB



Tuberculin test becomes positive.
Minority of those infected 
experience febrile illness and 
erythema nodosum.

Miliary and meningeal tuberculosis 
common in children under 5 years: 
pleural effusion rare in children. 
Usually within 6–12 months, after 
primary infection.

Adult (post-primary) disease and 
skeletal disease commonly occurs 
1–5 years later.

Genito-urinary and skin lesions are 
late manifestations after 5–15 
years.

Natural history of untreated primary tuberculosis: 
the timetable of tuberculosis.



latent TB

 the primary complex in a fibrous capsule limiting the spread 
of bacilli

 lymphatic or haematogenous spread may occur before 
immunity is established

 seeding secondary foci in other organs including lymph 
nodes, serous membranes, meninges, bones, liver, kidneys 
and lungs, which may lie dormant for years.

 demonstrated by tuberculin skin testing



Latent TB

Tuberculosis can either be cured after healing or 
reactivation may occur, which results in post-primary 
tuberculosis

no clinical and radiological features

conversion TST  to positive -successful immune 
response to primary 
infection 
-the organisms 
remain dormant





clinical presentation

• usually asymptomatic but may have fever, lassitude, erythema nodosum, 
cough, sputum

• post-primary TB:
reactivation of dormant organisms in immunocompromised patients;

• early systemic symptoms:
malaise, fever, sweats, anorexia, weight loss

• late localizing symptoms: 
dyspnea, pleuritic chest pain, cough, purulent sputum, hemoptysis

• miliary TB (post-primary dissemination of multiple tiny granulomas in 
immunocompromised patients):
fever, anemia, splenomegaly, meningitis



Features of primary TB



Legs of patient with erythema nodosum.





Clinical presentations of pulmonary TB



pathology

 Macrophages undergo transformation into 
epithelioid and Langhans cells which aggregate with 
the lymphocytes to form the classical tuberculous
granuloma

 Numerous granulomas aggregate to form a primary 
lesion or 'Ghon focus'



Tuberculous granuloma



(a) Large caseous
granulomatous

lesion of tuberculosis 
showing central necrosis, a 

surrounding zone of 
epithelioid cells and giant 

cells, and a peripheral ring of
lymphocytes and fibroblasts 
(haematoxylin & eosin¥35). 

(b) Same lesion showing 
small epithelioid cell 

granuloma with giant cells 
(haematoxylin & eosin ¥110). 
(c) Another area of the same 

lesion showing Langhanstype
giant cells and epithelioid

cells centrally, necrosis to the 
left and lymphocytes and 

fibroblasts to the right 
(haematoxylin & eosin ¥110).



CXR

• primary TB: 
nonspecific lower lobe calcified infiltrates, hilar and      
paratracheal node enlargement, pleural effusion

• post-primary TB: 
cavitation in apical regions and posterior segments of 
upper lobe and/or superior segment of the lower lobes +/–
calcification

• miliary TB: 
uniformly distributed, very fine nodules (like seeds) 
throughout

● presence of a miliary pattern or cavitation favours active disease.

● consolidation, collapse and cavitation develop to varying degrees 



Chest X-ray manifestations of TB

- Primary pulmonary TB :

 Air space consolidation 1–7 cm diameter
 Lymphadenopathy: hilar, paratracheal
 Pleural effusion
 Segmental consolidation
 Cavitation
 Calcified ghon focus
 Calcified lymph nodes

- Post-primary TB (reactivation or initial infection or infection post-BCG):

 Apical and posterior segments of upper lobes
 Chronic patchy ill-defined areas of opacification
 Cavitation may colonise with Aspergillus
 Bronchiectasis
 Upper lobe fibrosis



Chest X-ray: major manifestations and differential 
diagnosis of pulmonary TB.



a right upper lobe cavitary process caused 
by Mycobacterium tuberculosis



cavitation left 
upper lobe



Tuberculous
cavity in the 

left upper
lobe in a 43-

year-old man.





pulmonary TB: ill-defined areas of consolidation in
the mid- and upper zones of both lungs.



Primary tuberculosis showing hilar and paratracheal lymph gland
enlargement. (b) Later film showing tuberculous consolidation of

right upper lobe



primary tuberculosis showing (a) peripheral focus and enlarged right hilar
nodes and (b) consolidation of right middle lobe 1 week later.



Extensive bilateral 
tuberculosis with

cavity formation at 
right apex.



Chest radiograph 
showing large 
tuberculoma in 
right mid-zone, 
originally thought to 
be a coincidental 
carcinoma in patients 
with extensive upper 
lobe tuberculosis.



Calcified 
tuberculoma in 
a 74-year-old 

woman.



right pleural 
effusion



Chest radiograph 
showing bilateral 
apical fibrosis 
with calcification 
and upper lobe 
shrinkage with 
elevation of the 
hila.



Aspergillomas in 
old tuberculous
cavities: the upper 
cavity contains an
aspergilloma and 
shows the 
classical air 
crescent sign; the 
lower cavity has a 
fluid level with an 
aspergilloma
protruding above 
it.



Ghon Complex

● CXR finding of a calcified nodule plus calcified 
hilar/mediastianal lymphadenopathy, pathognomonic of 
previous primary infection by TB

● a pale yellow, caseous nodule, usually a few mm to 1-2 cm in 
diameter

● the combination of a primary lesion and regional lymph 
nodes is referred to as the 'primary complex of Ranke'



 بؤرة الدخول
خامة عقد لمفاوية سري ة مع ض

أحادية رغاميةأو جانب 
الجانب 



Primary pulmonary TB



Miliary TB

 Blood-borne dissemination

 fever, night sweats, anorexia, weight loss and a dry cough.

 Hepatosplenomegaly

 headache : coexistent tuberculous meningitis.

 Auscultation : frequently normal( more advanced disease widespread 
crackles ). 

 Fundoscopy :  choroidal tubercles.

 chest X-ray : fine 1-2 mm lesions ('millet seed') distributed throughout 
the lung fields

 Anaemia and leucopenia



Choroidal tubercles in acute miliary
tuberculosis



MILIARY  
TB



miliary TB



(a) Chest radiograph showing miliary tuberculosis. (b)
Magnified view of the lung periphery in miliary tuberculosis.



CT miliary
nodules –

miliary TB.





Parenchymal postprimary tuberculosis. High-resolution CT scan demonstrates multiple small,
centrilobular nodules connected to linear branching opacities. This so-called tree-in-bud appearance is 
typically  seen in postprimary tuberculosis.



Miliary nodules

 Miliary TB
 Sarcoid
 Dust inhalation/pneumoconiosis
 Extrinsic allergic alveolitis
 Miliary metastases: thyroid, melanoma

 Dense miliary nodule: 

 Haemosiderosis
 Silicosis
 Chicken pox





extrapulmonary disease
Lymphadenitis 

 Cervical and mediastinal glands are affected most frequently

 may represent primary infection, spread from contiguous sites 
or reactivation

 nodes are usually painless and initially mobile 

 the swelling becomes fluctuant and may discharge through the 
skin (caseation)

 tuberculin test : usually strongly positive. 

 development of new nodes and suppuration may all occur but 
without evidence of continued infection

 rarely, surgical excision is necessary



Left-sided 
submandibular

tuberculous
lymphadenitis.



مصابة رقبيةعقد لمفاوية 
متنوسرةبالتدرن



Left-sided axillary tuberculous
lymphadenitis.



Gastrointestinal disease 

 TB can affect any part of the bowel 

 Upper gastrointestinal tract involvement : rare

 Ileocaecal disease : half of abdominal TB cases. 

 Fever, night sweats, anorexia and weight loss are 
usually prominent

 right iliac fossa mass may be palpable. 

 Up to 30% of cases present with an acute abdomen



Gastrointestinal disease 

 Barium enema and small bowel enema :                                        
- narrowing, shortening and distortion of the bowel  with 
caecal involvement  predominating.

 Diagnosis rests on obtaining histology by either 
colonoscopy or mini-laparotom

 Tuberculous peritonitis :
- abdominal distension, pain and constitutional symptoms. 
- The ascitic fluid is exudative and cellular with a   
predominance of lymphocytes.

 Low-grade hepatic dysfunction is common in miliary
disease when biopsy reveals granulomas



Pericardial disease 

 pericardial effusion and constrictive pericarditis

 usually insidious with breathlessness and abdominal swelling.

 Coexistent pulmonary disease is very rare

 a globular enlarged heart on chest X-ray.

 pericardial calcification occurs in around 25% of cases.

 effusion is frequently blood-stained.

 Open pericardial biopsy can be performed 

 addition of corticosteroids to antituberculosis treatment:                           

beneficial for both forms of pericardial disease.



Central nervous system disease 

 Meningeal disease :                                                  
Unrecognised and untreated→ it is rapidly fatal. 

 Even when appropriate treatment is prescribed : 
mortality rates of 30% 

 survivors may be left with neurological sequelae.



Bone and joint disease 

 spine is the most common site for bony TB (Pott's disease)

 usually presents with chronic back pain

 Paravertebral and psoas abscess formation :   common 

 may present with a large (cold) abscess in the inguinal region.

 complications : spinal instability or cord compression

 TB  involves the hip or knee :                                                                     
fever and night sweats are uncommon.

 Poncet's arthropathy :                                                                   
immunologically mediated polyarthritis that usually resolves 
within 2 months of starting treatment



Tuberculosis of the 
second metacarpal 

with cold
abscess formation 

in an Asian patient.



Pott’s disease of 
the spine affecting 

the T12/L1 disc
space and adjacent 

vertebrae.



(a) Early tuberculous changes in the lumbar spine showing disc narrowing at 
L1/2, destruction of the body of L2 and demineralization of the adjacent end-

plate. (b) The same patient 17 months later showing mild gibbous defomity
resulting from extensive collapse of L2.



Genitourinary disease 

 Fever and night sweats are rare

 often only mildly symptomatic for many years.

 Haematuria, frequency and dysuria are often present, 
with sterile pyuria

 In women: - infertility from endometritis
- pelvic pain and swelling from 

salpingitis or a tubo-ovarian abscess

 In men:  epididymitis or prostatitis. 



Systemic 
presentations of 
extrapulmonary

TB.



Tuberculosis in HIV

 (TB) is the most common global infection 

 affecting up to one-third of the estimated 40 million HIV 
patients 

 Diagnosis may be difficult :                                                   
smear-positive rates are reduced in pulmonary TB

 chest X-ray appearances may be atypical with less 
cavitation

 Standard quadruple therapy :          

curative in the majority





Chest X-ray of 
pulmonary 

tuberculosis in 
HIV infection.
Appearances are 
often atypical but 
in this case there 

are multiple 
cavities and focal 

consolidation.





Diagnosis 

 unexplained cough for more than 2-3 weeks

 Direct microscopy of sputum :
- positive when 5000-10 000 organisms are    
present                                                                                                     
- techniques :                                                                                         
Ziehl-Neelsen and rhodamine-auramine stains

 definitive diagnosis requires culture.

 Smear-negative sputum should also be cultured (10-100 
viable organisms are required for sputum to be culture-
positive).



culture

 4 and 6 weeks to appear on solid medium such as                        
Löwenstein-Jensen or Middlebrook.

 Faster growth (1-3 weeks) :                                                           
- in liquid media :                                                                     
* the radioactive BACTEC system :                                
by measuring the liberation of 14CO2, following 
metabolism of 14C-labelled substrate present in the medium.

- the non-radiometric mycobacteria growth indicator tube 
(MGIT)

 nucleic acid amplification test (NAT) :                       
amplify nucleic acid regions specific to MTB  such as IS6110, 
and the MPB64 skin patch test, detects active but not latent TB 



Screening test

• Tuberculin Skin Test ( PPD )
• Interferon Gamma Releasing Assay

A negative IGRA excludes tuberculosis in immunocompetent patients.
Both of them are not able to differentiate between active or latent TB.

2007;20(6):540-547

IGRA TST

Not affected by BCG May give a false-positive result 
after BCG vaccination

More specific More sensitive

More expensive Less expensive

Results within 24 hours At least 48 hours

No Boosting effect Yes



interferon-gamma release assays (IGRAs)

 measure the release of IFN-γ from sensitised T cells 
in response to antigens such as early secreted 
antigenic target (ESAT)-6 or culture filtrate protein 
(CFP)-10 that are encoded by genes specific to the 
MTB 

 specificity :good 



The diagnosis of extrapulmonary TB 

 fewer organisms (particularly in meningeal or 
pleural fluid)

 culture or histopathological examination of tissue is 
more important.





TECHNOLOGIES ENDORSED BY WHO

Molecular technologies

 Xpert MTB/RIF :                                                                                                     
-(automated nucleic acid amplification test) (pulmonary , 
extrapulmonary and paediatric samples)
- sensitivity and specificity of the Xpert assay were 81 and 99 
percent
- Line probe assays for the detection of MTB and rifampicin
resistance conferring mutations in AFB smear positive sputum or MTB 
cultures

Microscopy
 Light and LED Microscopy
 Same-day diagnosis

Culture-based technologies
 Commercial liquid culture systems and rapid speciation
 Non-commercial culture and DST (MODS, NRA, CRI)



Positive Ziehl-Neelsen stain



Management

 initial intensive phase :                                                                 
rapidly reduces the bacterial population

 continuation phase : destroy any remaining bacteria.

 Treat immediately :                                                                   
- in any patient who is smear-positive                                        
- who is smear-negative but with typical chest X-ray 
changes and no response to standard antibiotics.

 Six months of therapy is appropriate for all 
patients with new-onset, uncomplicated 
pulmonary disease.



treatment

• INH and rifampin x 6 months with pyrazinamide x the first 2 months

• multiple drug resistant strains (MDR-TB):                                                      
INH, rifampin, pyrazinamide, and ethambutol, then modified with 
sensitivities

• if untreated, 50% will die within 5 years

●9-12 months of therapy :
- HIV-positive
- drug intolerance occurs and a second-line agent is substituted.

● Meningitis should be treated for a minimum of 12 months.

● Pyridoxine should be prescribed in pregnant women and malnourished patients 

● patients can be assumed to be non-infectious after 2 weeks of appropriate 
therapy.





















treatment

- Most patients can be treated at home.

- Admission to a hospital unit with appropriate 
isolation facilities :

 uncertainty about the diagnosis
 intolerance of medication
 questionable compliance
 adverse social conditions 
 significant risk of multidrug-resistant TB (MDR-TB: 

culture-positive after 2 months on treatment, or 
contact with known MDR-TB). 



treatment

 Baseline liver function and regular monitoring 

 rifampicin, isoniazid and pyrazinamide, as all of these agents are 
potentially hepatotoxic.

 Mild asymptomatic increases in transaminases are common but serious 
liver damage is rare.

 rifampicin :                                                                                                               
urine, tears and other secretions will develop a bright orange/red coloration

 oral contraceptive pill:    its efficacy will be reduced 

 Ethambutol : patients with renal failure:  appropriate dose reduction 

 Adverse drug reactions occur in about 10% of patients (more common in 
the presence of HIV co-infection)



The effectiveness of therapy for pulmonary TB

 further sputum smear at 2 months and at 5 months. 

 A positive sputum smear at 5 months defines 
treatment failure.





Drug-resistant TB 

 presence of resistance to any first-line agent. 

 Multidrug-resistant (MDR) TB :                                                                                                 
resistance to at least rifampicin and isoniazid, with or without other drug resistance.

 Extensively drug-resistant (XDR) TB :                                                                                
resistance to at least rifampicin and isoniazid, in addition to any quinolone and at least 
one injectable second-line agent.

 more common in :
- a prior history of TB
- if treatment has been inadequate
- those with HIV infection 

● it requires prolonged treatment with less effective, more toxic and more expensive therapies. 

● Mortality rate from MDR-TB is high and that from XDR-TB higher still. 



Factors contributing to emergence of 
drug-resistant TB

 Drug shortages 
 Poor-quality drugs 
 Lack of appropriate supervision 
 Transmission of drug-resistant strains 
 Prior anti-tuberculosis treatment 
 Treatment failure (smear-positive at 5 months) 



Corticosteroids

 treating pericardial or meningeal disease

 children with endobronchial disease. 

 TB of the ureter, pleural effusions and extensive 
pulmonary disease

 suppress hypersensitivity drug reactions.



Surgery

 massive haemoptysis

 loculated empyema

 constrictive pericarditis

 lymph node suppuration

 spinal disease with cord compression

* usually only after a full course of 
antituberculosis treatment.



Prognosis 

 cure should be anticipated in the majority of patients. 

 (< 5%)  unavoidable risk of relapse, which usually occurs within
5 months

 In the absence of treatment : 
- a patient with smear-positive TB will remain      
infectious for an average of 2 years
- in 1 year, 25% of untreated cases will die.

 Death is more likely in those who are smear-positive and those 
who smoke.

 HIV-positive patients have higher mortality rates and a 
modestly increased risk of relapse. 



Detection of latent TB 

 identified using the tuberculin skin test 

 10-20% of close contacts of patients with smear-
positive pulmonary TB and 2-5% of those with 
smear-negative, culture-positive disease have 
evidence of TB infection. 



prophylaxis

• Rifampicin plus isoniazid for 3 months or isoniazid for 6 months  for patients with skin test 
conversion within the last two years

• with positive skin test:                                                                                                   
< 35 years old, abnormal CXR,
immunocompromised or predisposed to TB

● recommended for 
- children aged less than 16 years identified during contact tracing to have a strongly positive 

tuberculin test
- children aged less than 2 years in close contact with smear-positive pulmonary disease

• who are close contacts of someone with active TB

• HIV contact of infected person

• rifampin for contacts of INH-resistant TB carriers

• the risk of developing TB in immunocompetent patients after skin test conversion is 1% per year

for the first 5 years and 0.1% per year subsequently (10% lifelong risk)





BCG (the Calmette-Guérin bacillus), 

 a live attenuated vaccine derived from M. bovis

 administered by intradermal injection

 effective in :
- preventing disseminated disease, including tuberculous

meningitis  in children
- its efficacy in adults is inconsistent

 very safe with the occasional complication of local abscess 
formation. 

 It should not be administered to those who are 
immunocompromised (e.g. by HIV) or pregnant.



Atypical Mycobacteria

❏ etiology: 

M. avium intracellulare, kansasii, and xenopi

M. avium complex (MAC) :                                                    
in severe HIV disease (CD4 count < 50 cells/mL)

❏ at risk:                                                      
immunocompromised, elderly, chronic lung disease 
(COPD, bronchiectasis, pneumoconiosis, old TB, or cystic 
fibrosis), malnutrition

❏ clinical presentation:    similar to TB





treatment

 none without evidence of progression

 usually multiple

 resistance to conventional antituberculous drugs, 
but new agents like macrolides, quinolones, and 
rifabutin in combination may be effective



The Tuberculosis Skin Test
(Mantoux Test)

❏ performed by intradermal injection of 0.1 ml 
of PPD (purified protein derivative) 
tuberculin containing 5 TU (tuberculin units)

❏ check 48-72 hours later for amount of 
induration



The Tuberculosis Skin Test
(Mantoux Test)







Gradings of the Heaf test response. 
A: Negative. B: Grade 1.  C :Grade 2. D : Grade 3. E :Grade 4.



Typical Heaf test reactions, grades I–IV



2007/2008



Conversion of TB Skin Test

change in TB skin test :

within 2 years from < 10 mm to > 10 mm or 
an increase of 6 mm from previous skin test



Booster Phenomenon (Two-step testing)

❏ in persons infected with TB many years ago, skin reactivity to TB 
skin test may have waned, leading to false negative results

❏ however, in such previously infected persons, this first TB skin test 
boosts the reaction to a second test administered within 1-3 
weeks of the first one

❏ if initial test negative, second TB skin test is given :  

*if second test also negative, =    no previous infection

* if second test positive, =      previous infection with  TB


