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The human body is very unique in the way that it has developed several means of protecting itself from infection caused by harmful pathogens.


The barriers formed by the human body to prevent infection from viruses, bacteria and other harmful pathogens cannot be fully explained without first considering some of the pathogens in question.

Infectious Pathogens


‘The immune system of the normal adult is continually challenged by a spectrum of substances that it may recognize as foreign or “non self”. These substances (antigens), are often associated with pathogens such as viruses, bacteria, fungi or parasites’ (McCance & Huether,  2006,  p. 211) . McCance and Huether (2006), describe an antigen as being a molecule which can react with antibodies or antigen receptors on B and T cells; stressing that an antigen that is immunogenic will induce an immune response resulting in the production of antibodies or functional T cells. 

Barriers that Exist to Prevent the Infection of these Pathogens:  include the first line of defense (Innate immunity), the second line of defense (inflammatory response) and the third line of defense (adaptive immunity)

· First line of Defense (Innate immunity)- also considered to be the first line of defense of the body, is divided into the following types of barriers:

· Physical Barriers - The physical barriers that protect against pathogenic invasion include tightly associated epithelial cells including those of the skin and those of the membranous sheets lining the gastrointestinal, genitourinary, and respiratory tracts. All these structures according to McCance and Huether (2006) considered to be ‘cellular roadblocks’ to microorganisms (p. 177).

· Mechanical Barriers - When pathogens attempt to penetrate the above mentioned physical barrier, they may be prevented from doing so by means of mechanical clearance – a consequence of being sloughed off with dead skin cells as they are routinely replaced; or being expelled by coughing or sneezing, or being vomited from the stomach, or being flushed from the urinary tract by urine. Epithelial cells of the upper respiratory tract also produce mucus that traps pathogens and have hair-like cilia that mechanically move the entrapped pathogens upwards to be expelled by coughing or sneezing.  Also, a low surface body temperature generally inhibits microorganisms, most of which require temperatures near 37 degree Celsius for more efficient growth’ (McCance and Huether, 2006, p. 177).

· Biochemical Barriers - Epithelial surfaces synthesize and secret substances meant to trap and destroy pathogens. Mucus, perspiration, saliva, tears and earwax are all examples of biochemical secretions that can trap potential invaders and contain substances that will kill the microorganisms. Sebaceous glands in the skin also secrete antibacterial and antifungal fatty acids and lactic acid. Perspiration, tears and saliva contain an enzyme (lysozyme) that attacks the cell walls of gram-positive bacteria. These glandular secretions result in the surface of the skin being acidic (pH of 3-5), making it an unbearable environment for most bacteria. The body also contains helpful bacteria, also known as normal bacterial flora. Some bacteria help digest food in the GI tract, releasing nutrients that will be used by the body. These helpful microorganisms in the intestines digest fatty acids, large polysaccharides, other dietary substances, produce vitamin K, and assist with the absorption of calcium, iron and magnesium. The normal body flora also produces chemicals that inhibit colonization by pathogenic microorganisms (McCance and Huether, 2006, p. 177-178).
The breaching of the above defense systems results in the activation of the inflammatory and immune response.

How these Invaders Evade the Host Barriers

Harmful pathogens, such as viruses, fungi, and bacteria occasionally circumvent host barriers and cause infection. Direct contact, inhalation, ingestion, or bites from animals and insects, can often be a portal of entry. Ways that invaders avoid the host’s barriers are specific to the type of invader.  

Invaders that are able to assail the host’s immune system are:


>Viruses:  as they hide and can reproduce intracellularly. This then depends on if the virus can penetrate the hosts’ cell. The virus must bind to the receptor and attach to the host cell. The virus then penetrates the cell membrane by receptor-mediated endocytosis/envelope fusion with the plasma membrane/or by directly crossing the plasma membrane. The virus then sheds the protective coating and takes over the metabolic machinery of the host cell to survive and replicate (Huether and McCance, 2006, p. 300).


>Fungi:  Can exist as single-celled yeasts or multi-celled molds (dimorphic). They have thick polysaccharide cell walls that lack peptidoglycans. Most antifungals used to treat deep or systemic infections are toxic to the host because the fungal cell composition is similar to the host cell (Huether & McCance, 2006, p. 302).  


>Bacteria:  Depends on the effectiveness of the body’s defense mechanisms and on the bacteria’s ability to resist those defenses and obtain nutrients and multiply (must have iron to multiply). Because the primary immune response may take a week to develop well enough, some pathogens have the ability to reproduce at a faster rate than the response. Other bacteria survive and reproduce by producing exotoxins and endotoxins (Huether & McCance, 2006, p. 298-299).  
The Initial Response of the Immune system to these Invaders

All of the above condition/breaches lead to the activation of the inflammatory response (second line of defense).
· Second Line of Defense (Inflammatory Response)
The inflammatory response is set into motion to protect and prevent compromised tissue from infection, and to encourage the healing process. The classic signs and symptoms of inflammation include redness, swelling, heat, pain and loss of function (resulting from increase in blood flow (hyperemia), increase in vascular permeability and movement of white blood cells to the area of injury. The inflammatory response is a rapid non-specific response to injury that removes or confines injurious agents, stimulates immune response and promotes healing. It is a vascular, cellular and chemical process (Huether & McCance, 2006, p. 178-179).
In general, once inside the tissues, the cells and chemicals linked to the inflammatory response then:

· -Limit and control inflammation through influx of plasma protein systems (clotting), plasma enzymes and cells (eosinophils), that prevent the inflammatory response from spreading to healthy tissues

· -Prevent infection and further damage by contaminating microorganisms through increase of fluid to dilute toxins produced by bacteria and dying cells, increase cells (neutrophils, macrophages) to destroy debris and infectious agents

· -Interact with components of adaptive immunity system to get a more specific response (increase of lymphocytes and macrophages)

Once the external barriers have been compromised and inflammation has been triggered, the immune response is set into action

.

· Third Line of Defense (Adaptive or Acquired Immunity)
The third line of defense is adaptive (acquired) immunity. This type of immunity is acquired from previous infection or vaccines and refers to an antigen-specific immune response. The antigen first must be processed and recognized. Once an antigen has been recognized, the adaptive immune system creates an army of immune cells specifically designed to attack and destroy that unwanted antigen. Unlike inflammation, which is rapid and non-specific, adaptive immunity has specific long-term protection. It has a memory role where antibodies are produced incase of future infection by the same pathogen (McCance & Huether, 2006, p. 212)

Adaptive immunity usually improves upon repeated exposure to a given infection and involves:

· -Antigen-presenting cells such as macrophages and dentritic cells
· -The activation and proliferation of antigen-specific B-lymphocytes 

· -The activation and proliferation of antigen-specific T-lymphocytes 

· -The production of antibody molecules cytotoxic T-lymphocytes, activated macrophages, and cytokines                                                                                                                                                                                                                                                                                
There are two major branches of the adaptive immune response: humoral immunity and cell-mediated immunity:

· Humoral immunity involves the production of antibody molecules in response to an antigen and is mediated by B-lymphocytes. 

· Cell-mediated immunity involves the production of cytotoxic T-lymphocytes, activated macrophages, activated NK cells, and cytokines in response to an antigen and is mediated by T-lymphocytes (McCance & Huether, 2006, p. 213-214).                     
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