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Introduction 

• Immune responses are capable of causing tissue injury and disease 
because of excessive or aberrantly directed immune reactions –
(hypersensitivity). 

• Hypersensitivity reactions occur due to: 
1. Responses to foreign antigens (microbes and  environmental 

antigens) may cause tissue injury when reactions are repetitive or 
poorly controlled. 

2. The immune responses may be directed to against self (autologous) 
antigens, as a result of the failure of self-tolerance – (autoimmunity).



Classification Overview

• Four Types of Hypersensitivity 
• • Type I : IgE + mast cells causing immediate 

reactions.
• Type II : IgG/IgM binding to cell/tissue 
antigens causing complement or receptor 
dysfunction.
• Type III : circulating immune complexes 
deposit in vessels leading to vasculitis.
• Type IV: T-cell mediated inflammation or 
cytotoxicity.
• Classification is based on immune 
mechanism, not timing.



Type I Hypersensitivity –
Immediate Allergic Reactions

• Immediate allergic reactions caused by IgE antibodies against 
environmental antigens, also called atopy or allergy.
• Trigger mast cell activation on re-exposure, not initial 
contact.
• Symptoms appear within minutes due to vasoactive 
mediator release
• Th2 cytokines (IL-4, IL-5, IL-13) critical for IgE class-switch & 
eosinophil recruitment
• Major diseases: asthma, rhinitis, urticaria, systemic 
anaphylaxis.



Two-Stage Allergy Response

• Sensitization phase: activation of  Th2 response, IgE production 
and binding to mast cells and basophils.
• Activation phase: allergen cross-links IgE bound to FcεRI on 
mast cells leading to degranulation.
• Immediate reaction is mediated by histamine:  wheal-and-flare, 
bronchospasm.
• Late-phase reaction is cytokine-driven  hours later mediated by 
eosinophils & monocyte influx.
• Chronic reactions leading to airway remodeling and sustained 
symptoms.



Development of IgE

• APCs capture allergen and migrate to LN 
and present antigens to naïve CD4+ T 
cells.
• IL-4, IL-13 by follicuar TH cells:  isotype 
switching in B cells to produce IgE
• IgE binds high-affinity FcεRI receptors
on mast cells and basophils.
• Sensitization lasts months to years due to 
stable IgE–mast cell binding.
• No clinical reaction until re-exposure.



Mast Cell Activation

• Cross-linking of IgE receptors leads to Ca²⁺ influx and granule 
exocytosis.
• Seconds–minutes: release of preformed mediators.
• Minutes–hours: synthesis of lipid mediators (LTs, PGs).
• Hours: secretion of cytokines for inflammation propagation.
• Effects vary by organ: skin vs airway vs GI tract.



Mast Cell Mediators

• Histamine : vasodilation, vascular leakage, 
smooth muscle contraction
• Proteases: local tissue damage and 
complement activation.
• Leukotrienes C4/D4/E4: prolonged 
bronchoconstriction and mucus.
• Prostaglandin D2: airway narrowing and 
vasodilation
• TNF and IL-5 causing eosinophil recruitment 
manifesting as late-phase inflammation.



Immediate vs. Late-Phase Reaction

• Immediate: 5–30 min, mast cell 
granules ( edema, redness, pruritus).
• Late phase: 2–24 h: cytokines and 
leukocyte recruitment.

• Dominated by eosinophils & Th2 
cells

• Causes epithelial injury and 
increased reactivity (e.g., asthma)
• Chronic allergic inflammation:  
fibrosis, smooth muscle hypertrophy
• Responsible for chronic asthma and 
dermatitis pathology.



Th2 Immune Response & Atopy initiation

• TH2 cytokines--- IL-4: IgE production; IL-5 : eosinophil survival; IL-13: mucus secretion.
• Thymic stromal lymphopoietin (TSLP), IL-33 from epithelial cells in response to barrier 

injury  enhance Th2 priming.
• Barrier protein defects (e.g., filaggrin protein mutations):  increased allergen entry. 
• Genetic predisposition:  high IgE responses to low-dose allergens.
• Environmental “hygiene hypothesis” : proposes that higher levels of exposure to 

microbes and allergens in early life results in less allergy (and autoimmunity) later.



Eosinophils in Late Phase

• IL-5-induced maturation in bone marrow and tissue recruitment.
• Degranulation releases major basic protein, eosinophil cationic 
protein.
• Potent epithelial cytotoxicity and tissue remodelling.
• Present in asthma, food allergy, atopic dermatitis.
• Key target for therapy in allergy (anti-IL-5 mAbs).



Organ-Specific Outcomes

• Reaction depends on allergen entry site.
• Skin: urticaria; Airway: asthma; GI: vomiting/diarrhea.
• Local reactions can progress to systemic if allergen enters bloodstream.
• Chronicity leads to irreversible structural changes.
• Treatment varies based on affected tissue.



Allergic Rhinitis (hay fever) 

• Inhaled allergens activate mucosal mast cells ( 
itching, sneezing)
• Histamine results in vascular leakage and nasal 
congestion.
• Leukotrienes:  mucus hypersecretion.
• Chronic allergy: sinusitis due to obstruction.
• Often associated with conjunctivitis.



Allergic Asthma 

• Mast cell mediators results in acute bronchoconstriction.
• Th2 cytokines cause airway remodeling over time.
• Eosinophils cause epithelial injury and airway hyper-responsiveness.
• Goblet cell hyperplasia leading mucus plugs.
• Potentially life-threatening exacerbations.



Asthma Structural Changes

• Smooth muscle hypertrophy causing persistent narrowing.
• Subepithelial fibrosis from chronic inflammation.
• Hyper-reactive airways respond excessively to stimuli.
• Long-term changes lead to decreased response to bronchodilators.
• Radiologic/biopsy signs reflect chronic damage.



Food Allergy

• Ingested allergens trigger mast cell degranulation.
• Histamine leads to increased peristalsis: diarrhea, cramping, 

vomiting.
• May cause simultaneous skin & respiratory symptoms.
• Severe cases: rapid systemic anaphylaxis.
• Chronic inflammation: eosinophilic GI disease.



Atopic Dermatitis

• Chronic pruritic eczema—flares of itchy red exudative papules.
• Defective skin barrier function (e.g., filaggrin mutations): frequent 

colonization by Staphylococcus.
• Elevated Th2 cytokines → eosinophilic infiltration.
• Children with eczema are at increased risk for developing food 

allergies and asthma (atopic triad): the sequential development 
know as atopic march.



Systemic Anaphylaxis

• Most severe form of immediate hypersensitivity: widespread mast cell 
degranulation in response to the systemic distribution of the antigen g 
vascular collapse (anaphylactic shock).

• Bronchoconstriction & laryngeal edema → airway compromise.
• Common triggers: bee stings, injected or ingested penicillin-family 

antibiotics, and ingested nuts or shellfish.
• Rapid onset → requires immediate IM epinephrine.



Treatment of Type 1 hypersensitivity

• Therapy for immediate hypersensitivity diseases is aimed at inhibiting 
mast cell degranulation.
➢Antihistamines for hay fever.
➢ Inhaled b-adrenergic agonists, leukotriene and prostaglandin 

antagonists, and corticosteroids that relax bronchial smooth muscles 
and reduce airway inflammation in asthma.
➢ Epinephrine in anaphylaxis.



• Repeated administration of small doses of allergens 
(desensitization): inducing tolerance in allergen-specific T cells, or 
by stimulating regulatory T cells (Tregs).

• Monoclonal antibody drugs that block IgE, IL- 4, IL-5, TSLP, and IL-
33 receptor binding now approved for the treatment of some forms 
of asthma and atopic dermatitis.







Overview of Type II Hypersensitivity

• Type II Hypersensitivity Overview
• Mediated by IgG or IgM antibodies binding to cell/tissue antigens.
• Injury from complement activation, phagocyte recruitment, or ADCC.
• Antibodies may also stimulate or block receptors to alter tissue 

function.
• Clinical presentations depend on where the antigen is expressed.
• Seen in both alloimmune and autoimmune conditions.



Mechanisms of Injury

• Opsonization: FcγR/C3b-mediated 
phagocytosis in spleen/liver.

• Complement : MAC lysis of target cells in 
circulation.

• C3a/C5a chemoattractants recruit 
neutrophils/macrophages leading to local 
inflammation.

• Receptor modulation: antibodies activate or 
block signaling pathways

• Tissue injury is site-specific vs. Type III systemic 
disease.



Cytotoxic Antibody-Driven Diseases

• Autoimmune hemolytic anemia:  RBC opsonization by antibodies leading to 
extravascular hemolysis.

• Immune thrombocytopenia: platelet destruction leading to mucocutaneous 
bleeding.

• Rh incompatibility: hemolytic disease of newborn (erythroblastosis fetalis).
• Drug-induced hemolysis: hapten formation triggers new antigenicity.
• Evidence: positive direct Coombs test.



Inflammatory Antibody Injury

• Antibodies against basement membrane leading to complement 
activation and necrotizing inflammation.

• Prototypical example: Goodpasture syndrome (lung and kidney 
involvement).

• Neutrophils degranulate when frustrated on fixed surfaces.
• Fibrinoid necrosis seen histologically in damaged tissue.
• Damage location: antigen distribution determines organ involvement.



Receptor Dysfunction in Type II

• Graves disease — antibodies activate TSH receptor leding to increased  
T3/T4 production.

• Myasthenia gravis — AChR blockade → impaired neuromuscular 
transmission.

• No cell destruction: functional disease mechanism.
• Symptoms improve with immunosuppression or receptor blockade.
• Proves Type II can cause disease without cytotoxicity.
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