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I -  Classification of Inflammation

II - mechanisms of resolution
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Classifying Inflammatory 

Reactions

• by duration: 

• acute: days;  

• subacute: weeks;  

• chronic: months-years

• by type of exudate and consequence on 

tissues

Catharral inflammation
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Serous Inflammatory Exudate
• Commonly is a clear exudate, serum-like, containing mainly water and salts 

with small amount of proteins  (about 2%) and insufficient fibrinogen 

conversion to fibrin. 

• Very limited number of leukocytes present (few neutrophils)

• Collects in pleural, peritoneal, and pericardial cavities (effusion) or in injured 

joint spaces, or spreads throughout subcutaneous tissue or along fascial 

planes.

• Caused by some infective agents, physical and chemical damage (e.g. 

burned skin, viral blisters, pleuritis, pericarditis, etc.)

• Serous exudate in general is reabsorbed after inflammation is halted and 

healing begins

Fibrinous Inflammation
• Greater vascular permeability: exudate 

with high concentration of plasma protein 

fraction and substantial amounts of fibrin 

deposition (eosinophilic threads in a 

mesh or an amorphous clump)

• It may be present in acute but also in 

chronic inflammations

• characteristically occurs in an 

inflammation in serosal lined cavities 

where the mesothelial cells become 

covered by fibrin polymerization with a 

dull surface

– on the surface of an organ it appears 

rough, "bread and butter” 

• e.g. certain virulent bacterial infections, 

fibrinous pericarditis (shown here)
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Ep=epicardium (visceral pericardium)

CT= connective tissue

Purulent Inflammation

• Purulent (cell rich), suppurative 

(large amounts of pus is 

evident)

• Pus: exhudate – protein rich 

fluid, typical of infection,  

formed by microorganisms 

plus significant local 

liquifactive necrosis of tissue 

and neutrophils

• e.g., acute appendicitis or a 

boil

• typically induced by "pyogenic“ 

(producing pus) bacteria e.g. 

Staphylococcus aureus
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Focal purulent inflammatory reactions 

contained in a confined space or tissue:

• "abscess" accumulation of pus in a tissue/organ

– A liquefactive necrotic center of dead parenchymal tissue and 

dead/dying neutrophils, surrounded by fibrin and live 

neutrophils, with an outer area of vascular growth, new collagen 

fibers, and parenchymal and fibroblastic proliferation. May 

become walled off by connective tissue. 

– “Empyema” if accumulation in a preformed space

– Often caused by pyogenic bacteria

• furuncle (boil) is a single or multiple abscess under the skin; may 

remain in this state for long periods, but heal faster if drained.

Boil

9

10



16/12/2024

6

11

12



16/12/2024

7

Catarrhal Inflammation

– When mucus hypersecretion accompanies acute inflammation of a 

mucous membrane, the appearance is described as catarrhal. 

– This type of inflammation is usually seen in the acute stage of 

inflammation in organs that have abundant goblet (mucus producing) 

cells, such as the respiratory tract and the colon. 

– Some allergic reactions and infections of mucosa produce marked mucus 

production

• E.g., runny/snotty nose with viral infections

Colon section with 

excess secretion of 

Mucus into the 

colonic lumen

Hemorrhagic Inflammation
indicates severe vascular injury. As a result, blood predominates in the 

exudate.

• a fibrinous reaction with damage to small blood vessels allowing rbc to escape 

into the extravascular space. 

– E.g., typhus, anthrax, viral influenzal pneumonia
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(Pseudo)membranous reactions

• toxins stimulate a necrotic inflammation of mucous membranes 

• inflammatory exudate forms an adherent , gray, pseudomembrane 

on the mucosal surface containing cells, necrotic debris, organisms, 

fibrin.

• E.g., Corynebacterium diphtheriae 

 (oropharynx shown above),  

 Clostridium difficile, S. typhi.

Necrotizing Inflammation

• The products of inflammation (i.e.: proteolytic enzymes) 

and vascular occlusion by thrombosis may result in 

widespread necrosis of the affected organ.

• As with other types of inflammation, necrotizing can occur 

in conjunction with an influx of neutrophils (necropurulent) 

or hemorrhage (necrohemorrhagic). 

• The combination of necrosis and bacterial putrefaction is 

called gangrene.
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Gangrene

SUMMARY: ACUTE INFLAMMATION

• Rapid response of living tissue to any injury.

• Naked eye (Macroscopic):  Redness, swelling, heat, pain & loss of 

function.

• Microscopic:  Vascular dilatation, exudate leaks into tissues, 

neutrophils emigrate.

• Changes controlled by many short-lived chemical mediators. Some 

can be manipulated by drugs.

• Neutrophils: Fast acting, short-lived phagocytes, engulf & degrade 

bacteria, dead tissue etc.  Later: monocyte/macrophages.

• Phagocytosis enhanced by opsonisation of particles, e.g. antibody 

or complement on surface.

• Bacterial killing largely oxygen dependent.

• Later: involvement of the adaptive immune system (T and B Cells)

• Defects in the system lead to severe susceptibility to infection.
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Outcomes of acute inflammation

1.  Complete resolution

2.  Healing by scarring

3.  Abscess formation

4.  Progression to chronic

inflammation

CHRONIC INFLAMMATION

• May ‘take over’ from acute inflammation

– if damage is too severe to be resolved within a few days.

• May arise de novo in some circumstances

– e.g. some autoimmune conditions, some chronic infections

– i.e. chronic low-level irritation

• May develop alongside acute inflammation

– in more severe persistent irritation

• What is chronic inflammation?

– Characterised by the microscopic appearances.

– Most important characteristic is the type of cell present.
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Features of chronic inflammation

• Small round cell infiltration

• Fibroblasts, proliferation of 

capillaries

• Necrosis

• Fibrosis – collagenisation

• Signs of regeneration

Primary chronic  inflammation

1.   Persistent infection

2.   Prolonged exposure to nondegradable

inanimate material (silica, silicosis)

3.   Autoimmune disease
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Products released by macrophages

• Enzymes

• Plasma proteins

• Reactive metabolites of oxygen

• Arachidonic acid metabolites

• Cytokines ( IL-1, TNF, IL-8 )

• Growth factors (PDGF, EGF, FGF)
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Chronic 

inflammatory cells

lymphocytes

macrophages

Other cells involved in chronic 

inflammation

• Plasma cells:  

– Differentiated antibody-producing B lymphocytes. 

Implies considerable chronicity.

• Eosinophils: 

– Allergic reactions, metazoal infestations, some 

tumours.

• Fibroblasts/Myofibroblasts: 

– Recruited by macrophages; make collagen.  See 

next lecture.
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Eosinophils

Plasma cells

EFFECTS OF CHRONIC INFLAMMATION

• Fibrosis
– (see next lecture)

– e.g. gall bladder (chronic cholecystitis), chronic 
ulcers..

• Impaired function
– e.g. chronic inflammatory bowel disease

– Rarely, increased; e.g. mucus secretion, 
thyrotoxicosis

• Atrophy
– e.g. gastric mucosa, adrenal glands

• Stimulation of immune response
– Macrophage - lymphocyte interactions
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GRANULOMATOUS INFLAMMATION
= chronic inflammation with granulomas

What is a granuloma?

aa

Lymphocytes

'Epithelioid histiocytes'
(Modified, immobile macrophages)

Granuloma:

collection of epitheloid cells

collar of lymphocytes

+ giant cells

Different types:

- Immune granulomas

- caseating

- non-caseating granulomas

- Foreign body granulomas

Foreign body

granuloma
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Granulomas arise with:

• Persistent, low-grade antigenic 

stimulation

• Hypersensitivity

Main causes of granulomatous 

inflammation:

• Mildly irritant ‘foreign’ material

• Mycobacteria:  Tuberculosis, leprosy

• Syphilis

• Other rare infections e.g. some fungi

• Unknown causes: Sarcoid

    Wegener’s granulomatosis

    Crohn’s disease
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Granulomatous diseases

Tuberculosis

Leprosy

Syphilis

Cat-scratch disease

Lymphogranuloma venereum

Tularaemia

Sarcoidosis

Schistosomiasis (parasitic)

Fungal infections

Mycobacterial infections

Rheumatic granuloma of 

myocardium
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Light microscope - H&E

Fibrosis

Dg.: Cholecystitis chronica calculosa

‘Giant’ Cells

• Multinucleate cells made by fusion of 

macrophages.  

• Morphology of most chronic inflammatory 

reactions is non-specific, BUT proportions of 

each cell type may vary in different conditions.

• For example:

– Rheumatoid arthritis:  Mainly plasma cells.

– Chronic gastritis:  Mainly lymphocytes.

– Leishmaniasis (a protozoal infection): Mainly 

macrophages.

– Giant cell type may be a help to diagnosis.
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Langhans type giant cell - 

Tuberculosis

Foreign body type giant cells
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Foreign material from breakdown 

of artificial joint
Examined through ‘crossed polaroids’:

TUBERCULOSIS

• Caused by Mycobacteria

– especially M. tuberculosis.  Difficult & slow 
to culture.

• Nature of organism: see microbiologists

– n.b. wall lipids (Mycosides).  

• Produces no toxins or lytic enzymes

• Causes disease by persistence and 
induction of cell-mediated immunity.
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aa

Lymphocytes
'Epithelioid histiocytes'
(Modified, immobile macrophages)

Caseous
necrosis

Giant cell (Langhans' type)

A Tuberculous Granuloma

Caseous necrosis ‘Epithelioid’ macrophages

Langhans’ type giant cell

Tuberculous granuloma in lung
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Patterns of disease:

• Primary: Non-sensitized individual

– Usually heals with some scarring & persistent 

bacteria in lung

– OR Progressive primary tuberculosis.

 1) Massive hilar lymph nodes

 2) Tuberculous bronchopneumonia

 3) ‘Miliary’ tuberculosis

• Secondary: Previously exposed individual

– Re-activation or re-infection?

– PATTERN OF DISEASE IMMENSELY VARIABLE

Outcomes:

1)  Arrest, fibrosis, scaring.

2)  Erosion into bronchus

– bronchopneumonia

– T.B.  in Gastro Intestinal Tract 

3)  Erosion into pleura  &  tuberculous empyema

4)  Erosion into blood stream

Many bugs: MILIARY TUBERCULOSIS

Few bugs: SINGLE ORGAN TUBERCULOSIS

– Organs: Cervical lymph nodes, Meninges & brain, Kidney, 

Adrenals, Bone, Fallopian tube, Epididymis, etc.
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GRANULOMATOUS DISEASES OF 

UNKNOWN CAUSE

• Sarcoidosis
– Variable clinical manifestations

Young adult women
Non-caseating granulomas, giant cells
Involves lymph nodes, lungs, spleen, marrow, skin, 
liver...

• Crohn’s Disease
– ‘Regional enteritis’: patchy full-thickness inflammation 

throughout bowel

• Wegener’s granulomatosis

• and many others

Sarcoid granulomas in a lymph node
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Resolution of inflammation

Complete resolution:

1. Clearance of injurious stimuli

2. Clearance of mediators and acute 

inflammatory cells

3. Replacement of injured cells 

4. Restoration of normal functions

In recent years, specific pro-resolving mediators 

were discovered, which activate resolution 

pathways:

• specialized lipid mediators (lipoxins, resolvins, 

protectins and maresins) 

• proteins (annexin A1, galectins) and peptides 

• gaseous mediators (including hydrogen 

sulphide)

• a purine (adenosine) 

• neuromodulator release under the control of the 

vagus nerve. 

Mediators of resolution
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Mediators may act:

•  to limit further leukocyte recruitment

•  induce neutrophil apoptosis

• enhance efferocytosis by macrophages.

• switch macrophages from classical to 

alternatively activated cells 

• promote the return of non-apoptotic cells to the 

lymphatics

• help initiate tissue repair mechanisms and 

healing

Mediators of resolution

*removal by phagocytic cells

Elimination of the infiltrate

*
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Lipoxins
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Combinatorial activity of 5-Lipooxygenase and 12- LO, 

cooperation of neutrophils and platelets
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Resolvins
-are metabolic byproducts of omega-3 fatty acids: 

primarily eicosapentaenoic acid (EPA) and docosahexaenoic acid 

(DHA).

They act through G protein-coupled receptors (GPRs), although 

the mechanism is not yet clarified.

resolvins, together with protectins and maresins are separate 

classes of specialized pro-resolving lipid mediators with distinct 

functions, ranging from: 

• limiting infection, 

• altering neutrophil lifespan

• modulation of the adaptive immune system

• analgesic actions

e.g.: - RvE1, 18(S)-RvE1, and RvE2 inhibit the Leukotriene B4 

receptor 1 which is the receptor for inflammation-promoting PUFA 

metabolites such as LTB4 and the R stereoisomer of 12-HETE
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Lo=lipoxygenase  AA=arachidonic acid

Resolvins

From: Seminars in Immunology 27 (2015) 149–160 
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IL-10 not only inhibits the 

production of pro-inflammatory 

mediators but also augments 

the production of anti-

inflammatory factors including 

soluble TNF-α receptors and 

IL-1RA. 

IL-10 down-regulates the 

expression of MHC class II 

molecules (both constitutive 

and IFN-γ-induced), as well as 

that of co-stimulatory 

molecule, CD86, and adhesion 

molecule, CD58.

 It is an inhibitor of IL-12 

production from monocytes, 

which is required for the 

production of specific cellular 

defense response 
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