
VIVEKANANDA COLLEGE 

THAKURPUKUR 

KOLKATA-700063 

NAAC ACCREDITED ‘A’ GRADE 

Topic: Gell and Coombs’ classification and brief description of various types of hypersensitivities

Course Title: CORE COURSE 10: Immunology

Paper: ZOOA-CC4-10-TH

Unit: Unit 8: Hypersensitivity
Semester: 4

Name of the Teacher: Dr. Gunjan Dhar

Name of the Department: Department of Zoology



Hypersensitivity
Gell and Coombs’ 
classification and brief 
description of various 
types of hypersensitivities.

Dr.Gunjan Dhar
4th SEM UG Hons





Hypersensitivities

Immune responses to innocent antigens or self antigens that lead to symptoms or tissue damage

• Term “hypersensitivity” originally used to denote acquired immune response, as was “allergy”

• “Hypersensitivity” and Allergy” most commonly refer to responses to innocent antigens

• But autoimmune diseases are sometimes subset of hypersensitivity

• Atopy is term used to describe condition of general likelihood of responding with allergic

reaction

Hypersensitivity reactions are harmful antigen-specific immune responses , occur when an individual who has 

been primed by an innocuous antigen subsequently encounters the same antigen , produce tissue injury and 

dysfuntion.

• It is defined as a state of exagerrated immune response to an antigen.

Classification of Hypersensitivity

•Immediate and Delayed.

Immediate type

Also called as Immediate Hypersensitivity

Popularly called as B cell Mediated

Hypersensitivity



Hypersensitivity reactions can be described by the Gell and Coombs classification. This was first 

put forwards as a classification in 1963 by immunologists Phillip Gell and Robin Coombs and still 

remains the most widely used classification for hypersensitivity. It classifies reactions depending on 

their timescale and aetiology producing four separate groups. Although the classes are apparently 

independent of each other, hypersensitivity reactions often involve more than one of the reactions 

at any one time.



Hypersensitivity reactions
• Aberrant or excessive immune response to foreign antigens

• Primary mediator is the adaptive immune system T & B lymphocytes

• Damage is mediated by the same attack mechanisms that mediate normal immune responses to pathogen





Type I: Immediate hypersensitivity
Rapidly developing immunogenic reaction occurring within minutes after the combination 

of an antigen when antibody bound to mast cells or basophils in individuals.

• may occur as a systemic or as a local reaction

Allergic reactions

• Reactions can be elicited by various

aeroallergens( pollen, animal dander), 

drugs(penicillin, sulfonamides) or insect

stings(bee venom, wasp venom)

• Other possible causes are latex ,foreign serum and

food allergy.
Allergens

• Allergens have intrinsic enzymatic activity- allergen extracts from dust mites as

well as from fungi and bacteria have high protease activity.

• Protease cause the disruption of epithelial cell junctions, allowing allergens to 

Access the underlying cells and molecules of the innate and adaptive immune systems.

• Cleave and activate complement components at the mucosal surface.

• Allergens contain potential pathogen associated molecular patterns(PAMPS).

• Interact with receptors of the innate immune system and initiating a cascade

of responses leading to an allergic response.







Type I hypersensitivity response



Mediators of Type I 

Hypersensitivity
• Primary Mediators – produced before 

degranulation and are

stored in the granules.

• Secondary Mediators - synthesized after 

target-cell activation or

released by the breakdown of membrane 

phospholipids during the

degranulation process.

Usefulness of “Type I” IgE responses:

eliminating parasites, like

helminths

Propulsive smooth muscle

contraction,

mucus prevent infiltration

of epithelium by parasites













Systemic Anaphylaxis
• It is a shock like and occurs within minutes of exposure to an allergen.

• Initiated by an allergen introduced directly into the bloodstream or absorbed from  the gut or skin.

• Symptoms include labored respiration, drop in blood pressure leading to anaphylactic shock 

,contraction of smooth muscles leading to defecation, urination, and bronchiolar constriction.

• Leads to anaphyxiation, which lead to death within 2 to 4 minutes of exposure to the allergen.

• venom from bee, wasp, hornet, and ant stings; drugs such as penicillin, insulin, and antitoxins; 

and foods such as seafood and nuts cause anaphylaxis.

• Epinephrine is used for treating anaphylaxis.

Localized Hypersensitivity Reactions (Atopy)
• The pathology is limited to a specific target tissue or organ, and often occurs at the epithelial surfaces first 

exposed to allergens.

• Atopic allergies include a wide range of IgE-mediated disorders, such as allergic rhinitis (hay fever), asthma, 

atopic dermatitis (eczema), and food allergies.

• Hay fever is the most common and results from the inhalation of common airborne allergens (pollens, dust, viral 

antigens).

• Allergen react with IgE molecules bound to sensitized mast cells in the conjunctivae and nasal mucosa.

• Cross-linking of IgE receptors induces the release of histamine and heparin from mast cells, which then cause 

vasodilation, increased capillary permeability, and production of exudates in the eyes .

• Tearing, runny nose, sneezing, and coughing are the main symptoms.





Antibody-Mediated Cytotoxic (Type II) Hypersensitivity
• Body makes special autoantibodies directed against self-cells (antigens present on the surface of cells or tissue 

components)

Antigen:

• 1. may be intrinsic to the cell membrane

• 2. may take the form of an exogenous antigen adsorbed on the cell surface.

• hypersensitivity results from the binding of antibodies to normal or altered cell-surface antigens

Antibody bound to a cell-surface antigen and induce death of the antibody-bound cell by

• Activate the complement system, creating pores in the membrane of a foreign cell.

• Antibodies can mediate cell destruction by antibody dependent cell-mediated cytotoxicity (ADCC).

• Antibody bound to a foreign cell can serve as an opsonin.

Type II examples

1.Transfusion reactions

• cells from an incompatible donor react to the host’s antibody

2. Erythroblastosis fetalis

• there is an antigenic difference between the mother & the fetus,and antibodies (IgG) cross the placenta & cause 

destruction of fetal red cells.

3. Autoimmune hemolytic anemia, agranulocytosis,thrombocytopenia

• individuals produce antibodies to their own blood cells and are then destroyed.

4. Drug reactions • antibodies are produced that react to the drug



Type II hypersensitivity
• Mediated by abs directed towards antigens present on cell surfaces or the extracellular

matrix (type IIA) or abs with agonistic/antagonistic properties (type IIB).

• Mechanisms of damage:

– Opsonization and complement- and Fc receptor mediated phagocytosis

– Complement- and Fc receptor-mediated inflammation

– Antibody-mediated cellular dysfunction

Non-autoimmune type II reactions

• Transfusion reactions (ABO incompatibility

• Hemolytic disease of the newborn (erythroblastosis fetalis)









Immune Complex–Mediated (Type III) Hypersensitivity
Immune Complex Disease

• Involve reaction against soluble antigens circulating in the serum.

• Involve IgM ,IgG antibodies.

• Every time an antibody binds to antigen, an immune complex is formed .

• Under normal conditions complexes are bound by complement to RBCs and then eliminated by phagocytes.

• In Type III hypersensitivity, immune complexes are not cleared out and they become deposited in tissues.

In Type III hypersensitivity, the antibody involved is primarily IgG
• The immune complexes activates complement (C3a, C4a and C5a ), leading to degranulation of mast cells.

• The products of mast cell degranulation cause blood vessels to become more permeable.

• This allows immune complexes to be deposited in the walls of blood vessels.

• The neutrophils release lysosomal enzymes into the area, causing further damage to the vessel wall



LOCATION
• The immune complexes are formed in the circulation & are deposited in many organ .

• kidney (glomerulonephritis), joints (arthritis), small blood vessels of the skin if the

complexes are formed and deposited locally (local Arthus reaction)

Arthus reaction

• If an animal or human is injected intradermally with an antigen to which large amounts 

of circulating antibodies exist( intravenous injections).

• Antigen will diffuse into the walls of local blood vessels and large immune

complexes will precipitate close to the injection site.

• This initiates an inflammatory reaction that peaks approximately 4 to 10 hours post

injection and is known as an Arthus reaction.

• Inflammation at the site of an Arthus reaction is characterized by swelling and

localized bleeding, followed by fibrin deposition





Type IV: Delayed Hypersensitivity
• The only type that is not antibody-mediated.

• contact hypersensitivity (poison ivy, poison oak and reactions to metals in jewelry);

• tuberculin-type hypersensitivity (the tuberculosis skin test);

• granulomatous hypersensitivity (leprosy, tuberculosis, schistosomiasis and Crohn’s disease).

• It is called delayed because its onset may vary;

• Occurs hours to days

• The length of the delay varies from 72 hours in contact hypersensitivity and 21-28 days in granulomatous 

hypersensitivity.

Th1 cells and macrophages
• In sensitization phase

• The dendritic cells pick up antigen and present the antigen to T cells.

• The T cells proliferate and differentiate into TH1 cells.

• These Th1 cells can activate macrophages and trigger

inflammatory response.



In the effector phase ,exposure of sensitized TH1 cells to antigen.
• TH1 cells secrete a variety of cytokines and chemokines.

• IFN-g, TNF-a, and TNF-b - cause tissue destruction, inflammation.

• IL-2 - activates T cells and CTLs.

• Chemokines - for macrophage recruitment.

• IL-3, GM-CSF -increased monocyte/macrophage

• Inflamed area becomes red and fluid filled can form lesion.

• Tissue damage there is activation of clotting cascades and tissue repair.











Hypersensitivity reactions








