What is the basis of an allergic reaction?
Group D 
  
An allergic reaction is a hypersensitivity reaction; an immune response to environmental antigens (allergens) (Rote, 2006). There are two steps to allergic reactions; formation of antibodies, and response to the allergen (Silverthorn, 1998). The first exposure to an allergen activates helper T-cells and B-lymphocytes, which lead to the production of memory T and memory B cells that are programmed to act against the allergen by producing antibodies that include IgE. Neither signs nor symptoms will be exhibited with the first encounter. An allergic reaction occurs upon the second exposure to the allergen (Silverthorn, 1998; Gell & Coombs, 1963).
There are four main types of hypersensitivity reactions: type 1 (IgE-mediated), type 2 (tissue specific), type 3 (immune-complex mediated), type 4 (cell-mediated). Two other types: type V and type VI are variations of the first 4 types (Gell & Coombs, 1963). Most allergic reactions are type 1. (Rote, 2006). Allergic reactions like contact dermatitis, immediate drug reactions, and allergic alveolitis are Type 2,3, or 4 reactions (Rote, 2006).  The severity of reaction varies from localized reaction near the site of allergen entry, to systemic reactions such as total body rashes or anaphylaxis (Silverthorn, 1998).


Cellular Pathology of Allergic Reactions 

  
Type 1: IgE-mediated 
  
Type 1 allergic reactions are mediated by antigen-specific IgE and the products of tissue mast cells (Rote, 2006). IgE binds at first to a basophil in the blood and to mast cells in the tissues (Merck 2003). The allergen binds with IgE on mast cells causing the mast cells to degranulate, releasing histamine, prostaglandins, leukotrienes, and chemotactic agents - activating the inflammatory response (Silverthorn, 1998) 
  
The most potent mediator produced by mast cells is histamine, which has many target cells. Histamine (H1) acts on the bronchial smooth muscle cells leading to bronchoconstriction causing wheezing; cells of blood vessels causing increased permeability leading to edema, and vasodilation for increased blood flow. As well as on other inflammatory cells thus enhancing the action of eosinophil chemotatic factor in anaphylaxis (Crippes Trask, Rote, & Heuther, 2006; Rote, 2006; Olyaei, 2007). Allergens acting on the mucosa of eyes, nose and respiratory tract can cause local vasodilation that leads to increased secretion of mucus, and local edema (Rote, 2006), thus accounting for the nasal congestion associated with some allergic responses.  Other types of histamine include H2, which increases gastric acid production, stimulates cardiac muscle, decreases release of histamines and H3, which modulates release of neurotransmitters in the CNS. (Rote, 2006) 
  
IgE that has not bound with an allergen can stay bound to a mast cell for a long time and has the ability to interlink with other IgE molecules.  The elevated number of IgE molecules allows for rapid degranulation and onset of symptoms when allergen exposure reoccurs.  Increased amounts of IgE are also produced by further exposures to the allergen. (Rote, 2006). Type 1 reactions may be either local or systemic and may range from a mild irritation to sudden death (Gell & Coombs, 1963). 
  
Treatment: 
Prevention is the best approach to the management of allergic reactions. When possible the allergen should be avoided and when this is not feasible as in the case of airborne pollens, then allergen immunotherapy may be an option. This method desensitizes a person to the allergen, which can prevent future reactions or reduce the severity (Merck, 2003). For anaphylaxis, adrenaline (epinephrine) is the first line treatment and antihistamines and corticosteroids (Howarth, 1998; Gell & Coombs, 1963).
Types of reactions: Allergic asthma, Allergic conjunctivitis, Allergic rhinitis ("hay fever"), Anaphylaxis, Angioedema, Urticaria (hives) (Gell & Coombs, 1963). 
  
    
Type II: tissue specific 
  
This reaction is antibody-dependent, IgG or IgM binds with an allergen on a cell membrane.  The complement pathway is activated causing cells to be damaged or destroyed by macrophages, toxins released by neutrophils, and NK cells.  A type II allergy is an immediate drug reaction (Rote, 2006; Gell & Coombs, 1963). It is a hypersensitivity to either a person's own cell surfaces (autoimmune) or antibody-dependent cell-mediated cytotoxicity (ADCC) (Gell & Coombs, 1963). 
 
Examples: Erthroblastosis fetalis (fetal blood problems),Goodpasture's syndrome, Autoimmune hemolytic anemia, Penphigus, Pernicious anemia (if autoimmune), immune thromocytopenia, transfusion reactions, Hashimoto's thyroiditis, rheumatic fever, Acute transplant rejections (Gell & Coombs, 1963). 
  
Type III: immune complex 
  
IgG or IgM binds with a soluble allergen, antigens and antibodies are present equal amounts and these large immune complexes that can't clear the vessel walls, and is deposited into vessel walls or tissues.  The tissue is then damaged by activation of the immune & inflammatory response. (Rote, 2006; Gell & Coombs, 1963). 
  
Examples: Systemic lupus erythematosus, Serum sickness, Arthus reaction, Rheumatoid Arthritis, Glomerulonephritis, Endocarditis (subacute bacteria), Malaria symptoms, allergic alveolitis, Farmer's Lung (Arthus-type reaction) and Polyarteritis nodosa (Rote, 2006; Gell & Coombs, 1963). 
  

  
Type IV: cell mediated. 
  
It takes two to three days to develop and is not antibody mediated but rather is a type of cell-mediated response. Antigens from target cells stimulate T cells to differentiate into Cytotoxic T cells  that attack and destroy cellular targets, and Helper T cells that delay the hypersensitivity reaction onset (Rote, 2006). Macrophages show up and secrete interleukin , which causes Cytotoxic T cells and Helper T cells to secrete interleukin and interferon gamma. This causes the release of cytokines causing an immune response (Gell & Coombs, 1963). Macrophages attach to target cells and release enzymes and reactive oxygen species that are responsible for most of the tissue damage (Rote, 2006). 
  
Examples: Contact dermatitis (poison ivy rash), Atopic dermatitis, Chronic transplant rejection, Tuberculosis (symptoms), Leprosy (symptoms), Mantoux test, Celiac disease, Temporal arteritis (Gell & Coombs, 1963). 
  
Type V: Stimulatory 
This type is similar to type II but instead of IgG or IgM binding with an allergen on a cell membrane, the IgG or IgM recognize and bind to the cell membrane receptors. When that happens it prevents the ligand from binding with the cell membrane receptors or may mimic the ligand effect and causing the cell to be damaged or destroyed by macrophages. Typically this Type V is classified under Type II everywhere except Britain (Gell & Coombs, 1963). 
Examples:  Graves’s disease and Myasthenia gravis (Gell & Coombs, 1963). 
  
Type VI: 
This type is similar to type II but instead of IgG or IgM binding with an allergen on a cell membrane, Lyse cells are coated with an antibody. This type is thought to cause autoimmune disease tumor rejections and parasite rejection (Gell & Coombs, 1963).   
  
System Pathology for Allergic Reactions
During a hypersensitivity reaction, mast cells can act as regulators and inducers of the inflammatory response depending on stimulus strength (Norman, 2008). Histamine is also released from plasma basophils (Rote, 2006). The action of histamine has many effects systemically when large amounts are released at once. Histamine causes widespread vasodilation, circulatory collapse and severe bronchoconstriction, this is seen in anaphylaxis - the most severe IgE-mediated allergic reaction (Silverthorn, 1998).  Localized release of histamine accompanied by increased vascular permeability lead to allergic urticaria (hives) (Rote, 2006). 
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