Granulomatous inflammation                   Pathology Team 428                 ريم الأشجعي    سارة باخميس 


Granulomatous inflammation
· Granulomatous inflammation is a distinctive pattern of chronic inflammation characterized by focal accumulation of activated macrophages that assume an epithelioid appearance cells surrounded by a collar of mononuclear leukocytes, principally lymphocytes and occasionally plasma cells.
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· Granuloma = Nodular collection of epithelioid macrophages surrounded by a rim of lymphocytes.
· Epitheloid macrophage: squamous cell-like appearance

 Granulomas are encountered in certain specific pathologic states consequently, recognition of the Granulomatous pattern in a biopsy is important because of the limited number of possible conditions (some life-threatening) that cause it and the significance of the diagnoses associated with the lesions . 
Epithelioid cells fuse to form giant cells containing 20 or more nuclei. The nuclei arranged either peripherally (Langhans-type giant cell) or, haphazardly (foreign body-type giant cell). These giant cells can be found either at the periphery or the center of the granuloma.                                                
· Granulomatous Inflammation Causes:                                            

· Immune granuloma: e.g: 

· bacteria  (tuberculosis - leprosy –
     actinomycosis - cat scratch disease) .                        
· fungi (histoplasmosis - blastomycosis )  .
· parasites (schistosomsis - leishmaniasis ) . 

· metal/dust (berylliosis - silicosis) .

· unknown  (sarcoidosis) .
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· Non immune granuloma: Forgien body: e.g :
· Splinter .(شظية)
· Suture .( خيوط الجراحة)
· Graft material .

· Immune granulomas: 
inducing a cell-mediated immune response (Type IV hypersensitivity reaction). 
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· The surrounding T cells produce:

· Cytokines, such as IL-2: which activates other T cells and perpetuating the response .
· IFN-γ: which is important in activating macrophages and transforming them into epithelioid cells and multinucleate giant cells. IFN-γ is produced by CD4  too.     (Imp)
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Granulomatous Inflammation mechanism: 
· Granuloma: bacilli are inhaled by droplets.

· Bacteria are phagocytosed by alveolar macrophages.
· After amassing substances that they cannot digest, macrophages lose their motility, accumulate at the site of injury and transform themselves into nodular collections; the Granuloma.

· A localized inflammatory response recruits more mononuclear cells. 
· The granuloma consists of a kernel of infected macrophages surrounded by foamy macrophages and a ring of lymphocytes and a fibrous cuff (containment phase).

· Containment usually fails when the immune status of the patient changes; the granuloma caseates, ruptures and spills into the airway.
· Morphology :

In the microscope Epithelioid cells in granulomas have pink, granular cytoplasm with indistinct cell boundaries. The aggregates of epithelioid macrophages are surrounded by a collar of lymphocyte secreting the cytokines responsible for continuing macrophage activation. Older granulomas may have arim of fibroblasts and connective tissue. Frequently, but not invariably, multinucleated giant cell 40 to 50 µm diameter are found in granulomas. In granulomas associated with certain infectious organism (most classically the tubercle bacillus) a comination of hypoxia and free radical injury leads to central zone of necrosis. Grossly, this has a granular, cheesy appearance and is therefore called caseous necrosis. Microscopically, this necrotic material appears as an amorphous, structureless, granular debris with complete loss of cellular details. Healing of granulomas is accompanied by fibrosis that maybe quite extensive.

Tuberculosis
Most cases caused by: Mycobacterium tuberculosis (tubercle bacillus). Waxy cell wall, which makes them acid fast bacilli [AFB] (i.e., they have a high content of complex lipids that readily bind the Ziehl-Neelsen stain and subsequently resist decolorization by acid).
 NOTE: virulence factor is cord factor. (v .Imp)


In the pulmonary form, it is spread by inhalation of droplets containing the organism MT.

In the non-pulmonary form(e.g. :intestinal ), it is the most often caused by the ingestion of infected milk  containing mycobacterium bovis 
· Other types 
· M. leprae (Hansen bacillus) …………………………...Leprosy
· M. kansasii, M. avium, M. intracellulare …………..Atypical mycobacterial infections
· M. ulcerans ……………………………………………..….Buruli ulcer
· If the bacilli enter the body, they have these potential fates: 

1. Killed by the immune system.
2. Multiply and cause primary TB.
3. Become dormant and remain asymptomatic.
4. Proliferate after a latency period (reactivation disease). Reactivation TB may occur following either 2 or 3 above.
5. If immunosuppressed, Primary Progressive TB or Miliary TB.
· Types of TB:

1. Primary tuberculosis: 
· Non immunized individual (initial infection)(Imp) children. 
· Characterized by the primary or Ghon’s focus is  a peripheral subpleural parenchymal lesion .
· Ghon’s complex  is the combination of a peripheral subpleural parenchymal lesion and involved hilar lymph node.
· 5-6 days >> granuloma formation .

· 2-8 weeks >> healing

· Develop immunity – Mantoux positive ( tuberculin test , PPD ) 

Granulomatous inflammation is characteristic of both primary and secondary tuberculosis. 
Ghon complex is characteristic only of primary tuberculosis.

The granuloma of tuberculosis is referred to as tubercle and is characterized by central necrosis and often by langhans giant cells. The clacified lesions are often visible on radiography.
Primary tuberculosis is the most often asymptomatic. It usually does not progress to clinically evident disease.

2. Secondary Tuberculosis: 
· Post Primary in immunized individuals.

· Reactivation or Reinfection. (Imp)
· Cavitary Granulomatous response.

· Apical lobes or upper part of lower lobes – O2 .
· Caseation, cavity - soft granuloma .
· Pulmonary or extra-pulmonary (any organ) .
· Local or systemic spread / Miliary:
· Vein:  via left ventricle to whole body.
· Artery:  Miliary spread within the lung.
cavitation is a characteristic only  of Secondary Tuberculosis.
caseation is seen in both.

Clinical characteristic of Secondary Tuberculosis:
Cough sputum, Low grade fever, night sweats, and fatigue and weight loss.

Hemoptysis or pleuritic pain = severe disease.
3. Miliary Tuberculosis:

· Millet like – grain.

· Low immunity
· Blood or bronchial spread
· Pulmonary or Systemic types.

· Pulmonary or Systemic types:
· Extra pulmonary tuberculosis 
· Tuberculosis meningitis.
· Pott disease of the spine.
· Paravertaberal abscess.

· Adrenal TB - Addison Disease

· Testes TB Orchitis:
· Tuberculin skin testing (Mantoux test, PPD): (Imp)
     Intradermal injection of purified protein derivative (PPD). (Imp) The response is measured as the amount of      induration at 48-72 hours. The test result is (+) in both primary and secondary represents delayed type IV hypersensitivity reaction. The size of induration, rather than erythema, is diagnostic.

·  Sputum, bronchial wash or biopsy :
Acid fast smear ( ZN  stain ) >>false negative. Cultures require weeks for growth and identification.
     Newer technologies, >>DNA polymerase chain reaction(PCR), allow identification within 24 hours.

· Chest radiographs:

patchy or nodular infiltrate. May be found in any part of the lung, but upper-lobe involvement is most common
· What is your action after diagnosis ?
 Patients with TB should remain in isolation until sputum becomes smear-negative

Leprosy
(Mycobacterium Leprae)
· Leprosy or Hansen’s disease is a chronic (or slowly progressive) infection caused by the acid-fast, rod-shaped bacillus Mycobacterium leprae, affecting mostly skin and peripheral nerves. If untreated, it often result in unsightly or disabling deformities. 
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· Leprosy symptoms:
· Skin:
· Painless skin patch.
· Peripheral nerves:
· Loss of sensation.
· Wasting and muscle weakness.
· Foot drop or clawed hands.
· Ulcerations on hands or feet.
· Aetiology :
· Mycobacterium leprae :
· Acid fast gram-positive bacillus .
· cannot be cultured.
· The mode of transmission is unknown, probably inhalation of bacilli. 
· incubation period is several years.
· The classical method for demonstrating leprosy bacilli in lesions is a modified Ziehl-Neelsen stain. The Fite methods are the most commonly used .
· Types of leprosy:
Depends on the strength of the delayed (type IV) hypersensitivity response in the infected individual:

i. Lepromatous leprosy: (more lethal)         LEpromatous = LEthal
· Nodular and cutanous thickening with nerves system damage. If untreated, it often result disabling deformities. 

· Poor Cell-mediated immunity. 
· Bacilli are plentiful. 
· Large numbers of macrophages.
· Sensation is not impaired. 
· Loss of eyebrows, nasal collapse and lumpy earlobe And  (see the picture above)

ii. Tuberculoid leprosy:
· Strong cell-mediated immunity.
· Few or no acid-fast bacilli.
· Granulomatous reaction in the nerves and dermis. 

· Anesthesia.
             Note:

· Tuberculoid leprosy is associated with a T-helper Type 1 response. Lepromatous leprosy is associated with an ineffective T-helper type 2 response.
· The granulomas of leprosy (TB leprosy) lack caseous necrosis.
iii. Indeterminate leprosy 

· The lepromin skin test:

Intradermal injection of a preparation of M. leprae.
A positive reaction consists of the formation of a nodule measuring 5 mm or more in diameter after 2 to 4 weeks. 
On histologic examination, the nodule shows an epithelioid cell granuloma.
· the same test used  In both Tuberculoid and lepromatous leprosy.

· Diagnosis:


Skin Biopsy:

· Tuberculoid Leprosy: 

· Granulomatous dermatitis

· Few acid-fast bacilli in nerves

· Intraneural granuloma

· Lepromatous Leprosy: 

· A mass of macrophages in the dermis (no granuloma formation), leaving a clear grenz zone under the epidermis. 
· Pathological Features:

Tuberculoid Leprosy:

   Is characterized by a single lesion or very few lesion of the skin. Microscopically, they show well formed, circumscribed dermal granulomas, composed of epithelioid histiocytes, Longhand’s giant cells and lymphocytes. Never fibers are almost invariably swollen and infiltrated with lymphocytes. The granulomas of leprosy lack caseous necrosis. 
Lepromatous Leprosy: 
  Nodular and cutanous exhibits multiple, tumor like lesions of skin, eyes, tests, nerves, lymph nodes and spleen. Nodular or diffuse infiltrates of foamy macrophages contain myriads of bacilli. If unchecked, the dermal infiltrates expand slowly to distort and disfigure the face, ears and upper airway and to destroy the eyes, nerves and tests. Borderline or intermediate forms of leprosy exist between two polar subtypes.
1. Regarding mycobacterium leprae, All the following are true EXEPT : 

a. They are acid fast gram positive bacilli 

b. Fight methods are used to identify the bacilli 

c. They are numerous in Lepromatous Leprosy

d. Culture is the gold standerd method ???????? ( motilus )
2. The virulence ( the patogenesity ) of mycobacterium tuberculosis depend on : 

a. Toxin secreated by bacilli

b. Capsule present on the surface

c. The flagella 

d. The cord factor 

The cord factor is the most pathogenic factor of mycobacterium tuberculosis 

3. Granulomatous inflammation is type of : 

a. Type 1 hypersensitivity reaction 

b. Type 2 hypersensitivity reaction

c. Type 3 hypersensitivity reaction 

d. Type 4 hypersensitivity reaction  ( cell mediated reaction )

4. Regarding Granulomatous inflammation which factor is associated in transformation of macrophage  into epithelioid cell : 

a. Platelet activating factor

b. Inter luken 2

c. Gama enterferpn 

d. Interluken 12

5. Regarding Granulomatous inflammation ( tuberculosis ) , what is the most component of granuloma : 

a. Plasma cell

b. Basophiles

c. Epithelioid macrophages 

d. Easenopills

e. Giant cell

6.   20 old man came to the hospital with fever , night sweat , shortness of breath , on chest X-ray you will see 2 cm obesity in the middle lope , the most clinical identification : 

a. Secondary tuberculosis 

b. Primary tuberculosis 

c. Lepromatus leprosy 

d. Sarcoidosis 

7. clear zone in skin biopsy is the feature of : 

a. Tuberculoid leprosy

b. Lepromatus leprosy 

8. Which one is true regarding tuberculoid leprosy : 

a. Numerous bacilli within the macrophages 

b. Clear zone is the hole mark of it 

c. Cell mediated immune system is suppressed 

d. You will find well develop granuloma 

Schistosomiasis 
(Bilharziasis)

  Is the most important parasitic disease of humans. Intense inflammatory and immunologic responses causes damage to liver, intestine or bladder.

Three species of Schistosomes: S.mansoni, S.heamatobium and S.japonicum are responsible for the disease. 
Schistosomiasis causes greater morbidity and mortality than all other worm infections and ranks second only to malaria as a cause of disabling disease and death.
· S.mansoni is found in much of tropical Africa, Middle East, and South America.
· S.haematobium is endemic in large regions of tropical Africa and parts of the Middle East.

· S.japonicum occurs in parts of Japan, china and India (East Asia).
Pathogenesis and pathology:
The schistosome egg hatches in water, liberates a miracidium that penetrates a snail, and develops through two stages to sporocyt to form the final larval stage, the cercaria (the infective stage).


· The cercaria escapes from snail into water (swims) and penetrate the skin of a human host.
The cercaria loss its forked tail to become a schistosomule which migrates through tissues, penetrates a blood vessel

· It is carried to the lung and later to the liver. In hepatic venules, the schistosomule becomes sexually mature and forms pairs, each with a male and female worm, the female worm lying in the gynaecophoral canal of the male worm. The organism causes lesions in the liver including granulomas, portal (pipe-stem) fibrosis and portal hypertension.
· The female worm deposits immature eggs in small venules of the intestinal and rectum (S.mansoni and S.japonicum) or of the urinary bladder (S.haematobium).

· The bladder infestations lead to obstructive uropathy, ureteral obstruction, chronic cystitis and bladder cancer.
· Embryos develop during passage of the eggs through tissues and larvae are mature when eggs pass through the wall of the intestine or urinary bladder. Eggs hatch in water and liberate miracidia to complete the cycle.
· The cercaria escapes from the snail into the water and penetrates the skin of the human host.
· In the intestinal vanules of the portal drainage, the organism matures.
· The female worms of S.mansoni and S.japonicum deposit immature eggs in the intestinal venules where as S.haematobium lays eggs in those of the urinary bladder.
· The immunologic and inflammatory reactions to the schistosomal eggs in tissue cause the manifestations of schistosomiasis.
· The basic lesion is circumscribed granuloma or a cellular infiltrate of eosinophils and neutrohils around an egg.
 Liver disease caused by S.mansoni or S.japonicum begins as periportal granulomatous inflammation and progresses to dense periportal fibrosis (pipe-stem fibrosis). In severe cases of hepatic schistosomiasis, this eventuates in obstruction of portal blood flow and portal hypertension with splenomegaly, ascites and bleeding esophageal varices urogenital schistosomiasis caused by S.heamatobium, usually shows eggs that are most numerous in the bladder. Schistosomiasia of the bladder causes hematuria, recurrent urinary tract infections and sometimes progressive obstructive damage leading to renal failure. The bladder disease produced by S.haematobium is related to the development of chronic cystitis, urethral obstruction leading to obstructive uropathy, hydronephrosis and in certain cases of renal failure. Squamous cell carcinoma of the urinary bladder is also a well recognized complication of schistosoma heamatobium infection. Schistosomiasis is effectively treated with systemic anthelminthic agents.

Schistosomiasis Summary:
Schistosomiasis

Clinical complication




Causes sequamous                                                       GIT-h        Portal hypert.

Cell carcinoma. (Imp)                                                                         Rectum and intestine

In bladder wall 

      Found in urine                                                              Found in stool                                     

Leishmaniasis
Incidence and Aetiology:
Leishmaniasis is a cutanous or systemic disease which is caused by the protozoan parasite leishmania and is transmitted by a bite form a sand fly.
The disease is endemic in South America, Africa and the Middle East.

Cutaneous

L. tropica, Middle East 

L. major

Exposed parts of the body, such as face, scalp, and arms (localized) ulceration is common.
Mucocutaneous: 
L. b. braziliensis

Lips, oral cavity, pharynx, nose (upper respiratory system).

Disfiguring tissue distruction

Visceral (kala-azar) (black fever) (Imp)
L. donovani

Tropic

Fever, lymphadenopathy, hepatosplenomegaly, ascites, pancytopenia, may die if untreated (more lethal).

Indian name kala-azar (black fever) diffuses darkening of the skin.
Diagnosis:

· Tissue sample 

· Direct visualization of amastigotes

· Culture

· PCR

Sarcoidosis

Systemic disease of unknown cause (idiopathic disease).
Noncaseating granulomas in many tissues and organs. (Imp)
Many clinical patterns, but:

· Bilateral hilar lymphadenopathy (Imp)  or lung involvement is visible on chest radiographs in 90% of cases. 
· Eye and skin lesions are next in frequency.

· The etiology of sarcoidosis remains unknown.

Microscopic findings:

Noncaseating granulomas.
Schaumann bodies laminated concretions composed of calcium and proteins asteroid bodies enclosed within giant cells.
Although characteristic, these microscopic features are not pathognomonic of sarcoidosis because asteroid and Schaumann bodies may be encountered in other granulomatous diseases (e.g., tuberculosis)

Any Organs involved:

· Lungs common sites of involvement.
· Lymph nodes are involved in almost all cases, specifically the hilar and mediastinal nodes.
· Spleen.
· Bone marrow.
· Skin lesions.
· Eye.
· Salivary glands.

Laboratory Findings:

· hypercalcemia and hypercalciuria. (Imp)  
· hypergammagloulinemia.

· Increased activity of serum angiotensin converting enzyme.
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