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Immunology 

The study of immunology deals with host defense reactions to foreign 

(nonself) entities known as antigens, antigen recognition molecules, and 

cell-mediated host defense functions, especially as they relate to immunity to 

disease, hypersensitivity (including allergy), autoimmunity, 

immunodeficiency, and transplantation.  

Immune responses can be  

1- Innate (nonadaptive)  

2- Adaptive (acquired)  

Innate Immunity 

Innate immunity is resistance that is pre-existing and is not acquired through 

contact with a nonself (foreign) entity known as an antigen. It is nonspecific 

and includes barriers to infectious agents—eg, skin and mucous membranes, 

phagocytic cells, inflammatory mediators, and complement components. It 

may vary with age and with hormonal or metabolic activity. 

Adaptive Immunity 

Adaptive immunity, which occurs after exposure to an antigen (eg, an 

infectious agent) is specific and is mediated by either antibody or lymphoid 

cells. It can be passive or active. 

Passive Immunity 

Passive immunity is transmitted by antibodies or lymphocytes preformed in 

another host. The main advantage of passive immunization with preformed 

antibodies is the prompt availability of large amounts of antibody; 

disadvantages are the short life span of these antibodies and possible 
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hypersensitivity reactions if antibodies (immunoglobulins) from another 

species are administered. 

Active Immunity 

Active immunity is induced after contact with foreign antigens (eg, 

microorganisms or their products). This contact may consist of  

1- clinical or subclinical infection 

2-  immunization with live or killed infectious agents or their antigens 

3-  exposure to microbial products (eg, toxins, toxoids) 

4-  transplantation of foreign cells. 

 In all these instances the host actively produces antibodies, and 

lymphoid cells acquire the ability to respond to the antigens.  

Advantages of active immunity include:  

1- long-term resistance (based on memory of prior contact with antigen 

2-  the capacity to respond faster and to a greater extent on subsequent 

contact with the same antigen 

Disadvantages include:  

1-the slow onset of resistance 

2- the need for prolonged or repeated contact with the antigen. 

Mechanisms of Innate Immunity 

A. Anatomical barriers to infections 

1. Mechanical factors 

The epithelial surfaces form a physical barrier that is very impermeable 

to most infectious agents. Thus, the skin acts as our first line of defense 
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against invading organisms. The desquamation of skin epithelium also 

helps remove bacteria and other infectious agents that have adhered to the 

epithelial surfaces. Movement due to cilia or peristalsis helps to keep air 

passages and the gastrointestinal tract free from microorganisms. The 

flushing action of tears and saliva helps prevent infection of the eyes and 

mouth. The trapping affect of mucus that lines the respiratory and 

gastrointestinal tract helps protect the lungs and digestive systems from 

infection. 

2. Chemical factors 

a- Fatty acids in sweat inhibit the growth of bacteria. 

b- Lysozyme and phospholipase found in tears, saliva and nasal 

secretions can breakdown the cell wall of bacteria and destabilize 

bacterial membranes.  

c- The low pH of sweat and gastric secretions prevents growth of 

bacteria. 

d- Defensins (low molecular weight proteins) found in the lung and 

gastrointestinal tract have antimicrobial activity.  

e- Surfactants in the lung act as opsonins (substances that promote 

phagocytosis of particles by phagocytic cells) 

3. Biological factors 

The normal flora of the skin and in the gastrointestinal tract can prevent 

the colonization of pathogenic bacteria by  

a- secreting toxic substances or  
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b- by competing with pathogenic bacteria for nutrients or attachment to 

cell surfaces. 

B. Humoral barriers to infection 

The anatomical barriers are very effective in preventing colonization of 

tissues by microorganisms. However, when there is damage to tissues the 

anatomical barriers are breeched and infection is occurs. Once infectious 

agents have penetrated tissues, another innate defense mechanism comes 

into play, namely acute inflammation. Humoral factors play an important 

role in inflammation, which is characterized by edema and the 

recruitment of phagocytic cells. These humoral factors are found in 

serum or they are formed at the site of infection. 

1. Complement system – The complement system is the major humoral 

nonspecific defense mechanism (see lecture notes on complement). Once 

activated complement can lead to increased vascular permeability, 

recruitment of phagocytic cells, and lysis and opsonization of bacteria. 

2. Coagulation system – Depending on the severity of the tissue injury, 

the coagulation system may or may not be activated. Some products of 

the coagulation system can contribute to the nonspecific defenses 

because of their ability to increase vascular permeability and act as 

chemotactic agents for phagocytic cells. In addition, some of the products 

of the coagulation system are directly antimicrobial. For example, β-

lysin, a protein produced by platelets during coagulation can lyse many 

Gram + bacteria by acting as a cationic detergent. 

3. Lactoferrin and transferrin – By binding iron, an essential nutrient for 

bacteria, these proteins limit bacterial growth. 



http://cvet.tu.edu.iq 
 

5 

4. Interferons – Interferons are proteins that can limit virus replication in 

cells. 

5. Lysozyme – Lysozyme breaks down the cell wall of bacteria. 

C. Cellular barriers to infection 

1. Neutrophils – Polymorphonuclear cells (PMNs) are recruited to the 

site of infection where they phagocytose invading organisms and kill 

them intracellularly.  

2. Macrophages – Tissue macrophages and newly recruited monocytes, 

which differentiate into macrophages, also function in phagocytosis and 

intracellular killing of microorganisms. In addition, act as antigen 

presenting cells, which are required for the induction of specific immune 

responses. 

3. Natural killer (NK) and lymphokine activated killer (LAK) cells – NK 

and LAK cells can nonspecifically kill virus infected and tumor cells.  

4. Eosinophils – Eosinophils have proteins in granules that are effective 

in killing certain parasites. 

Phagocytosis 

The phagocytes of the human body are of two types: The neutrophils 

which are the mobile phagocytic cells that constitute 60-65% of the total 

leukocytes, and the cells that derived from monocytes, like macrophages, 

kupffer cells in the liver, microglial cells of brain, and mesangial cells of the 

kidney…etc.  

In phagocytosis the following event occur: 
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1- Chemotaxis: the phagocytes are attracted to the area of invasion by 

chemical products of the microorganisms, phospholipids released by 

injured cell, or by components of the complement system.  

2- Attachment: the phagocytes moves to the area of invasion and the 

attached to the microorganisms. The attachment is mediated by a 

variety of surface receptors including antibody, lipopolysaccharide, 

and complement receptors, e.g. C3b component of the complement 

coats bacteria or other particles and then binds to C3b receptors on the 

phagocyte. 

 The process of coating to enhance phagocytosis is called opsonization. 

3- The microorganism is then engulfed by the phagocyte into a vacuole 

known as a phagosome. 

4- Vesicles in the cytoplasm called lysosome fuse with the phagosome 

releasing digestive enzymes such as lysozyme and protease into the 

phagosome. The structure resulting from this fusion is called a 

phagolysosome. 

5- Inside the phagolysosome, microorganisms are killed and digested. 

Finally, the digested content of the phagocyte are eliminated from the 

phagocyte by exocytosis. 

 

 The toxic substances and enzymes in phagocytes include: 

 Reactive oxygen species produced after activation of the phagocyte, 

such as superoxide, hydrogen peroxide , and hydroxyl radical , that 

damage the membranes of ingested microbes by oxidation of fatty 

acids; the production of reactive oxygen species in activated 

phagocytes is often referred to as the oxidative burst 
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 Reactive nitrogen species, in particular the gas nitric oxide and nitric 

oxide derivatives, that inhibit iron-containing respiratory enzymes in 

ingested microbes 

 Defensins, a group of cationic peptides that kill ingested microbes 

by circularizing and forming channels that embed in the microbes’ 

membranes and allow leakage of ions and cause membrane 

depolarization 

  Lysozyme, an enzyme that can degrade the peptidoglycan layer of 

bacterial cell walls 

  Hydrolytic enzymes, which degrade proteins and carbohydrates. 

Killing by NK (natural killer) cells: 

NK cells have been So named because, despite their lack of antigen-

specific receptors, they can kill host cells infected with certain viruses or 

other intracellular pathogens and some tumor cells. This nonantigen-specific 

(innate) recognition of targets by NK cells appears to involve at least two 

receptors: an activation receptor that binds to ligands on potential target cells 

and an inhibitory receptor that binds to MHC class I molecules. Engagement 

of the activation receptor transmits a killing signal that triggers killing of the 

potential target cell. Engagement of the inhibitory receptor transmits a 

protective signal that blocks the activation signal and prevents killing of the 

potential target cell.  

The cytotoxic molecules include perforins which makes a hole in the 

membrane of the target cell through which proteolytic enzymes contained in 

the granules are transmitted resulting in death of the target cell. 
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