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Immunity is defined as the resistance exhibited by the host towards injury caused by microorganisms and other harmful products. The immune system's primary function is to destroy non-self molecules (pathogens) while preserving self-molecules (the body's own cells).

The body responds to antigenic challenges through two main defense mechanisms:

Types of Immunity

Immunity is classified into two main types:


		Innate Immunity

		Acquired Immunity



I. INNATE IMMUNITY (Non-Specific / Natural Immunity)

Definition:
Immunity present from birth that provides immediate defense against infection. It does not require prior exposure to the pathogen and has no memory.

Types of Innate Immunity


		

				Type

				Description

				Examples

		

		
				1. Physical Barriers

				Prevent entry of pathogens

				Skin, mucous membranes (respiratory, gastrointestinal tract), cilia in respiratory tract

		

		
				2. Physiological Barriers

				Chemical factors that inhibit microbes

				Gastric acid (low pH), lysozyme in saliva/tears, fatty acids in skin

		

		
				3. Cellular Components

				Cells that attack pathogens

				Neutrophils, macrophages, NK cells, dendritic cells, mast cells

		

		
				4. Cytokines & Inflammatory Mediators

				Signaling molecules for defense

				Interferons (especially IFN-α, β), TNF-α, IL-1

		

		
				5. Complement System

				Plasma protein cascade that lyses microbes

				Complement proteins C1–C9, especially C3b for opsonization

		

	




Features: Non-specific, immediate response, no immunological memory.



 II. ACQUIRED IMMUNITY (Specific / Adaptive Immunity)

Definition:
Develops after exposure to antigens. It is specific, has memory, and involves lymphocytes (B cells & T cells).

Types of Acquired Immunity


		

				Type

				Further Subdivision

				Description

				Examples

		

		
				A. Active Immunity

				i. Natural Active

				Immunity developed after natural infection

				After recovering from measles, chickenpox, hepatitis A

		

		
				

				ii. Artificial Active

				Immunity developed after vaccination

				Polio vaccine (IPV/OPV), BCG vaccine, Hepatitis B vaccine, COVID-19 vaccine

		

		
				B. Passive Immunity

				i. Natural Passive

				Transfer of antibodies from mother to child

				IgG via placenta, IgA in breast milk

		

		
				

				ii. Artificial Passive

				Administration of preformed antibodies

				Antisera, antitoxins (e.g. anti-rabies, anti-tetanus immunoglobulin), monoclonal antibodies (e.g., for RSV: Palivizumab)

		

	




Features: Specific, slower onset than innate immunity, generates memory (in active type), involves antigen recognition.



Comparison Table: Innate vs Acquired Immunity


		

				Feature

				Innate Immunity

				Acquired Immunity

		

		
				Onset

				Immediate

				Delayed (days)

		

		
				Specificity

				Non-specific

				Antigen-specific

		

		
				Memory

				No

				Yes (in active acquired)

		

		
				Cells involved

				Phagocytes, NK cells

				B cells, T cells

		

		
				Response to repeated exposure

				Same response

				Enhanced (faster and stronger)

		

		
				Inheritance

				Present from birth

				Acquired after exposure/vaccination

		

	





		Innate Immunity (Non-Specific Immunity)



The innate immune system, also known as the nonspecific immune system. It serves as the first line of defense against pathogens. The innate immune system is characterized by its rapid response to infections and its ability to recognize a wide range of pathogens without prior exposure.

Innate immunity is the inborn capacity of the body to resist pathogens. It acts as the first line of defense against any type of pathogen, eliminating them before the development of disease. This type of immunity is also referred to as natural or non-specific immunity.

Major Functions of the Innate Immune System


		
Recruitment of Immune Cells:




		The innate immune system produces chemical mediators, including cytokines and chemokines, that recruit immune cells to sites of infection or injury. These signaling molecules help orchestrate the immune response by attracting various leukocytes to the affected area.




		
Activation of the Complement Cascade:




		The complement system is a series of plasma proteins that, when activated, enhance the ability of antibodies to clear pathogens. The complement cascade can lead to the opsonization of pathogens, recruitment of inflammatory cells, and formation of membrane attack complexes that lyse pathogens.




		
Identification and Removal of Foreign Substances:




		Specialized white blood cells, such as phagocytes, identify and eliminate foreign substances present in organs, tissues, blood, and lymph. This includes the engulfment and destruction of pathogens, dead cells, and debris.




		
Activation of the Adaptive Immune System:




		The innate immune system can activate the adaptive immune response through antigen presentation. Dendritic cells and macrophages process and present antigens to T cells, initiating a more specific immune response.




		
Physical and Chemical Barriers:




		The innate immune system acts as a barrier to infectious agents through physical measures (e.g., skin and mucous membranes) and chemical measures (e.g., antimicrobial peptides, enzymes, and secretions).



Anatomical Barriers

Anatomical barriers consist of physical, chemical, and biological components that protect the body from infection:

Physical Barriers


		
Epithelial Surfaces: The skin and mucous membranes form a physical barrier that is impermeable to most infectious agents. The shedding of skin epithelium helps remove pathogens.

		
Cilia and Peristalsis: In the respiratory and gastrointestinal tracts, cilia and peristaltic movements help expel pathogens and debris.



Chemical Barriers


		
Antimicrobial Secretions: Secretions such as sweat, saliva, and gastric acid contain antimicrobial substances that inhibit pathogen growth. For example, lysozyme in tears and saliva can break down bacterial cell walls.

		
Mucus: Mucus traps pathogens and particles, preventing them from adhering to epithelial surfaces.



Biological Barriers


		
Normal Flora: Beneficial microorganisms in the gut and on the skin compete with pathogenic bacteria for resources and can produce substances that inhibit pathogen growth.




		

				Examples of Anatomical Barriers and Their Defense Mechanisms

		

		
				Anatomical Barrier

				Additional Defense Mechanisms

		

		
				Skin

				Sweat (dermcidin), cathelicidin, desquamation, organic acids

		

		
				Gastrointestinal Tract

				Peristalsis, gastric acid, bile acids, defensins, gut flora

		

		
				Respiratory Airways

				Mucociliary escalator, surfactant, defensins

		

		
				Eyes

				Tears containing lysozyme

		

		
				Blood-Brain Barrier

				Endothelial cells regulating permeability

		

	




White Blood Cells (Leukocytes)

Leukocytes are crucial components of the innate immune system, functioning independently to identify and eliminate pathogens. They include:


		
Natural Killer Cells: Destroy compromised host cells, such as tumor or virus-infected cells, by recognizing cells with abnormally low levels of MHC I.

		
Mast Cells: Release histamine and other mediators during allergic reactions and inflammation.

		
Phagocytes: Engulf and digest pathogens. Key phagocytes include macrophages, neutrophils, and dendritic cells.



Key Phagocytic Cells


		
Macrophages: Large phagocytic cells that migrate to sites of infection and engulf pathogens. They also produce chemokines to recruit other immune cells.

		
Neutrophils: The most abundant type of phagocyte, they respond quickly to infection and release toxic substances to kill pathogens. They are the first cells to arrive at the site of infection.

		
Dendritic Cells: Act as antigen-presenting cells, linking the innate and adaptive immune systems.



Mechanisms of Innate Immunity

1. First Line of Defense


		
Physical Barriers:




		
Skin and Mucous Membranes: The skin acts as a physical barrier, with keratin providing resistance to weak acids, bases, toxins, and bacterial enzymes. The acidity of the skin (pH 3 to 5) inhibits bacterial growth, while sebum contains fatty acids with antimicrobial properties.

		
Stomach Mucosa: The stomach secretes concentrated hydrochloric acid (HCl) and protein-digesting enzymes, providing a mechanical barrier against pathogens.

		
Mucus: Mucus traps microorganisms in the digestive and respiratory systems. The ciliated epithelium in the upper respiratory tract sweeps away mucus laden with particles and bacteria.



2. Second Line of Defense

This involves non-specific cellular and chemical components that protect the body from infections:


		
Phagocytes: Macrophages are the primary phagocytic cells, including:




		
Kupffer Cells (liver)

		
Alveolar Macrophages (lungs)

		
Osteoclasts (bone)

		
Histiocytes (lymph nodes)

		
Microglia (brain)



Phagocytosis Process:


		Microbes adhere to the phagocyte.

		Pseudopods engulf the antigen into a phagosome.

		The phagosome fuses with a lysosome to form a phagolysosome, where antigens are digested by proteolytic enzymes.

		Residual material is expelled by exocytosis.




		
Natural Killer (NK) Cells: These large granular lymphocytes kill target cells by releasing cytolytic chemicals and perforins. They act non-specifically against cancerous and virus-infected cells and secrete chemicals that enhance the inflammatory response.

		
Inflammatory Response: Initiated upon tissue injury to prevent infection spread and facilitate repair. Signs include redness, heat, swelling, and pain. Inflammatory mediators (kinins, prostaglandins, complement, cytokines) are released, causing vasodilation and increased blood flow (hyperemia). Exudates containing proteins, clotting factors, and antibodies enter tissue spaces, causing local edema and pain. Neutrophils and monocytes infiltrate the damaged area.



Phases of Inflammatory Response:


		
Leukocytosis: Neutrophils are released from the bone marrow in response to leukocytosis-inducing factors.

		
Margination: Neutrophils adhere to capillary walls in the injured area.

		
Diapedesis: Neutrophils squeeze through capillary walls to begin phagocytosis.

		
Chemotaxis: Inflammatory chemicals attract neutrophils to the injury site.



3. Antimicrobial Proteins

These proteins hinder the reproductive processes of microorganisms:


		
Interferons: Released by cells upon viral invasion, they stimulate neighboring cells to produce proteins (PKR) that interfere with viral replication.

		
Complement Proteins: A group of about 20 proteins activated by foreign antigens, enhancing both innate and adaptive defenses. They can lyse pathogens and promote inflammation.



