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GRANULOMATOUS INFLAMMATION
Granulomatous inflammation is a distinctive pattern of chronic inflammation characterized by aggregates of activated macrophages that assume an Epithelioid appearance.  Granulomas are encountered in certain specific pathologic states; consequently, recognition of the granulomatous pattern is important because of the limited number of conditions (some life-threatening) that cause it.  Granulomas can form in the setting of persistent T-cell responses to certain microbes (such as Mycobacterium tuberculosis, T. pallidum or fungi), where T-cell derived cytokines are responsible for chronic macrophage activation. Tuberculosis is the prototype (classical example)  of a granulomatous disease caused by infection and should always be excluded as the cause when granulomas are identified.  Granulomas may also develop in response to relatively inert foreign bodies (e.g. suture or splinter), forming so-called foreign body granulomas.  The formation of a granuloma effectively “walls off” or separate the offending agent and is therefore a useful defense mechanism.  However, granuloma formation does not always lead to eradication of the causal agent, which is frequently resistant to killing or degradation, and granulomatous inflammation with subsequent fibrosis may even be the major cause of organ dysfunction in some diseases such as tuberculosis.

MORPHOLOGY

In the usual H & E preparations, Epithelioid cells in granulomas have pink, granular cytoplasm with indistinct cell boundaries. The aggregates of Epithelioid macrophages are surrounded by a collar of lymphocytes secreting the cytokines responsible for continuing  macrophage  activation.   Older  granulomas  may  have  a rim of fibroblasts 

and connective tissue.    Frequently, but not invariably, multinucleated giant cells 40 to 50 (m in diameter are found in granulomas.   They consists of a large mass of cytoplasm and many nuclei, and they derive from the fusion of 20 or more macrophages.  In granulomas associated with certain infectious organisms (most classically the tubercle bacillus), a combination of hypoxia and free-radical injury leads to a 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 may be quite extensive.
Examples of Diseases with Granulomatous Inflammation

	Disease
	Cause
	Tissue Reaction


	Tuberculosis

Leprosy

(tuberculoid type)

Syphilis

Cat-scratch disease

Sarcoidosis

Crohn’s disease (inflammatory bowel disease)


	Mycobacterium tuberculosis

Myocobacterium leprae

Treponema pallidum

Gram-negative bacillus

Unknown etiology

Immune reaction against

Intestinal bacterial, self-

Antigens
	Non-caseating  tubercle (granuloma prototype): a focus of Epithelioid cells, rimmed by fibroblasts, lymphocytes, histiocytes, occasional giant cells.

Caseating tubercle: central amorphous granular debris, loss of all cellular detail; acid fast bacilli.

Acid-fast bacilli in macrophages; non caseating granulomas.

Gumma: microscopic to grossly visible lesion, enclosing wall of histiocytes; plasma cell infiltrate, central cells are necrotic without loss of cellular outline.

Rounded or stellate granuloma containing central granular debris and recognizable Neutrophils; giant cells uncommon.

Non-caseating granulomas with abundant activated macrophages. 
Usually no surrounding chronic inflammatory cells are seen.

Occasional non-caseating granulomas in wall of intestine, with dense chronic inflammatory infiltrate.


TUBERCULOSIS
1)
General considerations
(a)
Tuberculosis occurs worldwide, with greatest frequency in disadvantaged groups.

(b)
In the pulmonary form, it is spread by inhalation of droplets containing the organism Mycobacterium tuberculosis (also referred to as the tubercle bacillus).

(c)
In the non-pulmonary form, it is most often caused by the ingestion of infected milk.

2)
Types of tuberculosis

(a)
Primary tuberculosis is the initial infection, characterized by the primary, or Ghon complex, the combination of a peripheral subpleural parenchymal lesion and involved hilar lymph nodes.

(1)
Although granulomatous inflammation is characteristic of both primary and secondary tuberculosis, the 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 Langhan’s giant cells. The calcified lesions are often visible on radiography.

(2)
Primary tuberculosis is most often asymptomatic.  It usually does not progress to clinically evident disease.

(b)
Secondary tuberculosis usually results from activation of a prior Ghon complex, with spread to a new pulmonary or extrapulmonary site.

(1)
Clinical characteristics include progressive disability, fever, hemoptysis, pleural effusion (often bloody), and generalized wasting.



(2)
Pathologic changes.

(a)
Localized lesions, usually in the apical or posterior segments of the upper lobes.  Involvement of hilar lymph nodes is also common.

(b)
Tubercle formation.  The lesions frequently coalesce and rupture into the bronchi.  The caseous contents may liquefy and be expelled, resulting in cavitary lesions. Cavitation is a characteristic of secondary, but not primary, tuberculosis; caseation (a manifestation of partial immunity) is seen in both.

(c)
Scarring and calcification.



(3)
Spread of disease.

(a)
Secondary tuberculosis may be complicated by lymphatic and hematogenous spread, resulting in military tuberculosis, which is seeding of distal organs with innumerable small seed-like lesions.




(b)
Hematogenous spread may also result in larger lesions. 
(c)
Prominent examples of extrapulmonary tuberculosis include tuberculous meningitis, Pott disease of the spine, paravertebral abscess, or psoas abscess.
3)
Immune mechanisms in pathogenesis of tuberculosis
(a)
The organisms are ingested by macrophages, which process the bacterial antigens for presentation to CD4 TH1 T cells in the context of class II MHC molecules.

(b)
The CD4+ T cells proliferate and secrete cytokines, attracting lymphocytes and macrophages.

(c)
The macrophages ingest and kill some of the tubercle bacilli or are morphologically altered to form Epithelioid cells and Langhan’s multinucleated giant cells.

(d)
The causes of caseous necrosis remain obscure but most likely include the action of cytokines elaborated by immunologically stimulated cells.

(e)
Delayed hypersensitivity is marked by a positive tuberculin skin test result.  The test result is positive in both primary and secondary infection, represents hypersensitivity and relative immunity, and usually remains positive throughout life.

MYCOBACTERIUM AVIUM-INTRACELLULARE INFECTION is an infection with non tuberculous mycobacteria.

1)
This infection is seen most often in patients with AIDS and other immunodeficiency diseases.

2)
Often, non pulmonary involvement is a manifestation.

LEISHMANIASIS

Incidence and Aetiology

Leishmaniasis is a cutaneous or systemic disease which is caused by the protozoan parasite leishmania and is transmitted by a bite from a sand fly.

This disease is endemic in South America (Brazil), Africa and the Middle East. In Saudi Arabia, the most common presentation is a localized cutaneous crusted or ulcerated lesion on face, hands or feet. The disease is more prevalent in the central parts of the Kingdom of Saudi Arabia.

Clinical presentation and subtypes

There are three major forms of the disease in humans:

1) Cutaneous localized leishmaniasis may present as erythematous papules or nodules on exposed areas of the body. These lesions may enlarge, become indurated and ulcerated with crust formation.

Some of the localized lesions may become diffuse by forming large plaques and nodules mainly on the face and compromise the nasal, buccal and laryngeal mucous tissue.

2) Mucocutaneous leishmaniasis ( may involve the upper respiratory system and oropharynx causing major deformities.

3) Visceral leishmaniasis ( also called Kala-Azar and characterized by splenomegaly sometimes associated with skin lesions.

Histopathology
There is usually epithelial ulceration with dense dermal chronic inflammatory infiltrate containing many histiocytes (macrophages) within which Leishmann Donovan bodies are identified.  These bodies can be further identified by using the Giemsa stain. The classical Leishman bodies consists of a nucleus surrounded by a clear area within macorphages (Kirenoplast).  In late stages, ill defined histiocytic and giant cells  granulomas can be seen. However,  at this stage the number of parasites become very small.

Diagnosis

1]
Skin scraping and smears.

2]
Skin biopsy.

3]
Montenegro reaction could be helpful in late stages (ulcerated lesions). This reaction could be negative in early (acute) lesions.

4]
Molecular biology techniques (PCR).

Treatment and prognosis

In  healthy individuals, cutaenous leishmaniasis may resolve spontaneously.  Cryo-therapy is also effective as well as oral pentavalent antimony.

ACTINOMYCOSIS

Definition:  Actinomycosis is a chronic suppurative and granulomatous infection which is most commonly caused by actinomycosis israelii.

Aetiology and predisposing factors:

Actinomyces are saprophytic (commensal) gram positive organisms and structures which are present in the normal flora of the mouth and gastrointestinal tract. However, infection by Actinomyces occur when there is a predisposing condition affecting the local immunity like major mucosal trauma, dental procedures (tooth extraction) and oral surgery. Cases of Actinomyces can occur as a secondary infection in patients with advanced head and neck malignancies.

Clinical features:

Men are more commonly affected than women. The disease can be seen in all ages but affects middle aged men more frequently.  There are three  major clinical presentations  for this condition which are cervico-facial, thoracic and abdominal. The disease may disseminate in immunocompromised patients and cervico-facial actinomycosis accounts for more than half of the cases in general.

The patient usually complains from soft fluctuant lesions with draining sinuses and woody induration in the skin, mucosa and soft tissue.

Histopathological features:

The disease can show:

1)
Sinus tract lined by inflammatory granulation tissue.

2)
Neutrophilic abscesses containing “sulfur granules” which are round, oval or crescent shaped structures containing filamentous, gram positive and branching organisms (<1 (m in diameter). The organisms may also show positive staining with fungal stains (Grocott).  Giemsa stain is also positive in some cases. 
Differential diagnosis:  include other suppurative infections. The exact diagnosis require a combination of clinical history, careful clinical examination, tissue biopsy and sometimes culture (although these organisms are difficult to grow in vitro). 
