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THE HUMAN IMMUNE SYSTEM  
 
The immune system of the human body is a very complex, synergistic system.  

The very basis of maintaining wellness lies within sustaining a healthy and balanced immune system 
function.  

The ability to adapt to certain circumstances builds the resiliency needed to thrive in our ever-changing 
environments, both internally and externally. This section will provide the necessary, basic information that 
will lay the groundwork in understanding the workings of the immune system.  

This is only a framework of the components of the immune system; it is encouraged to explore this 
system more deeply for a fine-tuned understanding of the intricacy of this necessary human response.  

OUTLINE OF LEARNING  

THE IMMUNE SYSTEM’S TWO MAIN DEFENSE SYSTEMS:  

The Front Line or Barrier Mechanism System  

The Internal Components or Secondary Mechanism Systems  

 Lymphatic vessels and organs  

 Specialized cells:  

 White Blood Cells: Granulocytes & Agranulocytes  

 Complement System  

 Antibodies  

 Cytokines 

THE ROLE OF A FEVER  

THE INNATE AND THE ACQUIRED IMMUNE SYSTEM  

THE FRAMEWORK OF AN IMMUNE RESPONSE 

HUMORAL VS CELL-MEDIATED IMMUNE RESPONSE  

A CHILD’S DEVELOPING IMMUNE SYSTEM 
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1) THE FRONT LINE or BARRIER MECHANISM SYSTEM  

These components of the immune system work to stand as a shield between the invading pathogens by 
producing secretions able to interrupt and damage impending pathogenic invasion.  

Non-specific immunity or resistance to disease is inherited in healthy individuals and provides a general 
response against a wide variety of foreign invaders.  

Saliva, tears, and vaginal secretions dilute and wash pathogenic microbes away, the mucous membranes 
that line body cavities that are open to the outside world are important to defense mechanisms, the acid 
in our stomachs, the antibacterial aspect of our skin’s microbiome are all ways in which our immune 
systems have a front line defense.  

Front Line Systems: Eyes, Nose, Mouth, Stomach, Skin and Mucous Membrane  
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2) INTERNAL COMPONENTS or SECONDARY MECHANISM SYSTEMS  

There are two categories of internal components or secondary mechanisms of the immune system.  

 Lymphatic vessels and organs  

 Specialized cells  

An Introduction to the Lymphatic System: Helping Defend Against Infection 

The lymphatic system is a vital part of the immune system, along with the thymus, bone marrow, spleen, 

tonsils, appendix, and Peyer’s patches in the small intestine. 

The lymphatic system is a network of lymph nodes connected by lymphatic vessels. This system 

transports lymph throughout the body. 

Lymph is formed from fluid that seeps through the thin walls of capillaries into the body's tissues. This fluid 

contains oxygen, proteins, and other nutrients that nourish the tissues. Some of this fluid reenters the 

capillaries and some of it enters the lymphatic vessels (becoming lymph). 

Small lymphatic vessels connect to larger ones and eventually form the thoracic duct. The thoracic duct is 

the largest lymphatic vessel. It joins with the subclavian vein and thus returns lymph to the bloodstream. 

Lymph also transports foreign substances (such as bacteria), cancer cells, and dead or damaged cells 

that may be present in tissues into the lymphatic vessels and to lymph nodes for disposal. Lymph 

contains many white blood cells. 

All substances transported by the lymph pass through at least one lymph node, where foreign substances 

can be filtered out and destroyed before fluid is returned to the bloodstream. In the lymph nodes, white 

blood cells can collect, interact with each other and with antigens, and generate immune responses to 

foreign substances. Lymph nodes contain a mesh of tissue that is tightly packed with B cells, T cells, 

dendritic cells, and macrophages. Harmful microorganisms are filtered through the mesh, then identified 

and attacked by B cells and T cells. 

Lymph nodes are often clustered in areas where the lymphatic vessels branch off, such as the neck, 

armpits, and groin. 
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THE COMPONENTS OF THE LYMPHATIC SYSTEM  
 
Lymphatic vessels and organs  
 
The lymphatic system is a vascular network of tissues and organs, tubules and ducts that collect and filter 

toxins, waste and other unwanted materials from the lymph fluid and returns it back into blood circulation.  

 

The primary function of the lymphatic system is to transport lymph, a fluid containing infection-fighting 

white blood cells, throughout the body.  

 
Lymph is a clear fluid that comes from blood plasma, which exits blood vessels at capillary beds. This fluid 

becomes the interstitial fluid that surrounds cells. Lymph contains water, proteins, salts, lipids, white blood 

cells, and other substances that must be returned to the blood. 

 

The lymphatic system primarily consists of lymphatic vessels, which are similar to the circulatory system's 

veins and capillaries. The vessels are connected to lymph nodes, where the lymph is filtered. Unlike the 

circulatory system, which is pumped by the heart, the lymph system is moved by the muscular structure 

of the body. Hence, a sluggish lymph system is most often due to a lack of exercise.  

 
Lymphatic System Structures 

 

 The major components of the lymphatic system include lymph, lymphatic vessels, and lymphatic 

organs that contain lymphoid tissues. 

 The tonsils, adenoids, spleen and thymus are all part of the lymphatic system.  

 
 

Lymphatic Vessels 

 

Lymphatic vessels are structures that absorb fluid that diffuses from blood vessel capillaries into 

surrounding tissues. This fluid is directed toward lymph nodes to be filtered and ultimately re-enters blood 

circulation through veins located near the heart.  
 

The smallest lymphatic vessels are called lymph capillaries. Lymphatic capillaries come together to form 

larger lymphatic vessels. Lymphatic vessels from various regions of the body merge to form larger vessels 

called lymphatic trunks.  

 

The major lymphatic trunks are the jugular, subclavian, bronchomediastinal, lumbar, and intestinal 

trunks. Each trunk is named for the region in which they drain lymph. Lymphatic trunks merge to form two 

larger lymphatic ducts.  
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Lymphatic ducts return lymph to the blood circulation by draining lymph into the subclavian veins in the 

neck. The thoracic duct is responsible for draining lymph from the left side of the body and from all 

regions below the chest.  

 

The thoracic duct is formed as the right and left lumbar trunks merge with the intestinal trunk to form the 
larger cisterna chyli lymphatic vessel. As the cisterna chyli runs up the chest, it becomes the thoracic 

duct. The right lymphatic duct drains lymph from the right subclavian, right jugular, right 

bronchomediastinal, and right lymphatic trunks. This area covers the right arm and right side of the head, 

neck, and thorax. 

 

Lymphatic ducts return lymph to blood circulation by draining lymph into the subclavian veins in the neck. 

  

Lymph Nodes 

 
Lymphatic vessels transport lymph-to-lymph nodes. These structures filter lymph of pathogens, such 

as bacteria and viruses. Lymph nodes also filter cellular waste, dead cells, and cancerous cells. Lymph 

nodes house immune cells called lymphocytes. These cells are necessary for the development of humoral 

immunity (defense prior to cell infection) and cell-mediated immunity (defense after cell infection). Lymph 

enters a node through afferent lymphatic vessels, filters as it passes through channels in the node called 

sinuses, and leaves the node through an efferent lymphatic vessel. 
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Thymus 

 

The thymus gland is the main organ of the lymphatic system. Its primary function is to promote the 

development of specific cells of the immune system called T-lymphocytes. Once mature, these cells leave 

the thymus and are transported via blood vessels to the lymph nodes and spleen. T-lymphocytes are 
responsible for cell-mediated immunity, which is an immune response that involves the activation of 

certain immune cells to fight infection. In addition to immune function, the thymus also 

produces hormones that promote growth and maturation. 

 

 

Spleen 

 

The spleen is the largest organ of the lymphatic system. Its primary function is to filter blood of damaged 

cells, cellular debris, and pathogens. Like the thymus, the spleen houses and aids in the maturation of 
lymphocytes. Lymphocytes destroy pathogens and dead cells in the blood. The spleen is rich in blood 

supplied via the splenic artery. The spleen also contains efferent lymphatic vessels, which transport lymph 

away from the spleen and toward lymph nodes. 

  

Tonsils 

 

Tonsils are arrays of lymphatic tissue located in the upper throat region. Tonsils house lymphocytes and 

other white blood cells called macrophages. These immune cells protect the digestive tract and lungs from 
disease causing agents that enter the mouth or nose. 

  

Bone Marrow 

 

Bone marrow is the soft, flexible tissue found inside bone. Bone marrow is responsible for the production 

of blood cells: red blood cells, white blood cells, and platelets. Bone marrow stem cells play an important 

role in immunity as they generate lymphocytes. While some white blood cells mature in bone marrow, 

certain types of lymphocytes migrate to lymphatic organs, such as the spleen and thymus, to mature into 

fully functioning lymphocytes. 
 

Lymphatic tissue can also be found in other areas of the body, such as the skin, stomach, and small 

intestines. Lymphatic system structures extend throughout most regions of the body. One notable 

exception is the central nervous system. 
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Lymphatic System Summary 

 

The lymphatic system plays a vital role in the proper functioning of the body. One of the major roles of 

this organ system is to drain excess fluid surrounding tissues and organs and returns it to the blood.  

 

Returning lymph to the blood helps to maintain normal blood volume and pressure. It also prevents 

edema, the excess accumulation of fluid around tissues.  

 

The lymphatic system is also a component of the immune system. As such, one of its essential functions 

involves the development and circulation of immune cells, specifically lymphocytes. These cells destroy 
pathogens and protect the body from disease.  

 

In addition, the lymphatic system works in conjunction with the cardiovascular system to filter blood of 

pathogens, via the spleen, before returning it to circulation.  

 

The lymphatic system works closely with the digestive system as well to absorb and return lipid nutrients 

to the blood.  
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SPECIALIZED CELLS OF THE IMMUNE SYSTEM  

 White Blood Cells  
 Complement System  

 Antibodies  

 Cytokines  

WHITE BLOOD CELLS (AKA Leukocytes) 

White blood cells are produced by bone marrow within bone. Some white blood cells mature in the lymph 

nodes, spleen, or thymus gland. The life span of mature leukocytes ranges from about a few hours to 

several days. Blood cell production is often regulated by body structures such as the lymph nodes, spleen, 

liver, and kidneys.  

During times of infection or injury, more white blood cells are produced and are present in the blood. A 
blood test known as a WBC or white blood cell count is used to measure the number of white blood cells 

in the blood. Normally, there are between 4,300-10,800 white blood cells present per microliter of blood.  

A low WBC count may be due to disease, radiation exposure, or bone marrow deficiency. A high WBC 

count may indicate the presence of an infectious or inflammatory disease, anemia, leukemia, stress, or 

tissue damage. 

White blood cells are blood components that protect the body from infectious agents. Also called 

leukocytes, white blood cells play an important role in the immune system by identifying, destroying, and 

removing pathogens, damaged cells, cancerous cells, and foreign matter from the body. Leukocytes 

originate from bone marrow stem cells and circulate in blood and lymph fluid. Leukocytes are able to 

leave blood vessels to migrate to body tissues. White blood cells are categorized by the apparent 

presence or absence of granules (sacs containing digestive enzymes or other chemical substances) in 

their cytoplasm. A white blood cell is considered to be a granulocyte or an agranulocyte. 

GRANULOCYTES  

There are three types of granulocytes: neutrophils, eosinophils, and basophils. As seen under a 

microscope, the granules in these white blood cells are apparent when stained. 

Neutrophils - These cells have a single nucleus that appears to have multiple lobes. Neutrophils are the 

most abundant granulocyte in blood circulation. They are chemically drawn to bacteria and migrate 

through tissue to the site of infection. Neutrophils are phagocytic in that they engulf the target cell 

(bacterium, diseased or dead cell, etc.) and destroy it. When released, neutrophil granules act as 

lysosomes to digest cellular macromolecules. The neutrophil is also destroyed in the process. 

Eosinophils - The nucleus in these cells is double-lobed and often appears U-shaped in blood smears. 

Eosinophils are often found in connective tissues of the stomach and intestines. Eosinophils are 

phagocytic and primarily target antigen-antibody complexes. These complexes are formed when 
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antibodies bind to antigens to identify them as substances to be destroyed. Eosinophils become 

increasingly active during parasitic infections and allergic reactions. 

Basophils - Basophils are the least numerous of the white blood cells. They have a multi-lobed nucleus, 

and their granules contain substances such as histamine and heparin. Heparin thins blood and inhibits 

blood clot formation. Histamine dilates blood vessels, increases the permeability of capillaries, and 

increases blood flow, which helps to transport leukocytes to infected areas. Basophils are responsible for 

the body's allergic response. 

AGRANULOCYTES 

There are two types of agranulocytes, also known as nongranular leukocytes: lymphocytes and 

monocytes. These white blood cells appear to have no obvious granules. Agranulocytes typically have a 

large nucleus due to the lack of noticeable cytoplasmic granules. 

LYMPHOCYTES - After neutrophils, lymphocytes are the most common type of white blood cell. These 

cells are spherical in shape with large nuclei and very little cytoplasm. There are three main types of 

lymphocytes: T cells, B cells, and natural killer cells. T cells and B cells are critical for specific immune 

responses. Natural killer cells provide nonspecific immunity.  

T-cell mature in the thymus gland and consist are responsible for long-lasting protection against 

infections. 

There are four types of T cells, each with a special purpose: 

 Helper T-cells detect infection and get the other cells of the immune system ready for battle. Helper 
T cells also communicate to B cells to produce antibodies, highly specialized proteins that help 

defend the body against infection. 

 Cytotoxic, or killer T-cells destroy infected cells with a cell poison. 

 Regulatory or Suppressor T-cells tell the immune system when the battle with the pathogens is 

over and to stop fighting. 

 Memory T-cells remember how to defeat an infection and can respond rapidly if the same infection 

reoccurs. 

B-Cells 

B-cell mature in the bone marrow and receive the data from the macrophages from which they produce 

the antibiotics that bind to specific antigens. Once this has occurred a B-memory cell is produced which 

will stimulate immunity in the future against the same particular microorganism. When B cells encounter 

disease-causing substances, they respond by maturing into plasma cells, which produce antibodies.  

MONOCYTES- These cells are the largest of the white blood cells. They have a large, single nucleus that 

can have various shapes. The nucleus often appears to be kidney-shaped. Monocytes migrate from blood 

to tissues and develop into macrophages and dendritic cells.  
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Macrophages are large cells present in nearly all tissues. They actively perform phagocytic functions. 

Macrophages act like scavengers. They look for invading pathogens that have antibodies bound to them 

and then send alert signals for other macrophages to come and destroy them. Macrophage cells consume 

foreign substances (antigens), break them down and analyze the data. 

Dendritic cells are commonly found in tissue located in areas that come in contact with antigens from the 

external environment. They are found in the skin, internally in the nose, lungs, and gastrointestinal tract. 

Dendritic cells function primarily to present antigenic information to lymphocytes in lymph nodes and 

lymph organs. This aids in the development of antigen immunity. Dendritic cells are so named because 

they have projections that are similar in appearance to the dendrites of neurons. 

 

 

COMPLEMENT SYSTEM  

The complement system consists of more than 30 proteins that act in a sequence: One protein activates 
another, which activates another, and so on to defend against infection. This sequence is called the 
complement cascade. The complement system is a group of proteins in the bloodstream that work in an 
organized fashion to defend against pathogens. 

Complement proteins have many functions in acquired immunity as well as innate: 

 Killing bacteria directly 
 Helping destroy bacteria by attaching to them and thus making the bacteria      easier for 
neutrophils and macrophages to identify and ingest 

 Attracting macrophages and neutrophils to a trouble spot 
 Neutralizing viruses 
 Helping immune cells remember specific invaders 
 Promoting antibody formation 
 Enhancing the effectiveness of antibodies 
 Helping the body eliminate dead cells and immune complexes (which consist of an antibody 
attached to an antigen) 
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ANTIBODIES are highly specialized proteins in the blood also known as immunoglobulins. Antibodies 

attach themselves to foreign invaders and mark them for destruction. 

There are five main types of antibodies: 

IgM antibodies are the first to respond. They offer important protection during the early days of 

infection. These antibodies tend to stay in the bloodstream where they aid in killing bacteria. 

IgG antibodies are the next to respond. These antibodies are formed in large quantities and work in the 

blood and tissues of the body. They bind to pathogens so that the immune cells have an easier time 

destroying them. IgG antibodies can pass from a mother to her unborn baby through the placenta. 

IgA antibodies are secreted in body fluids such as tears, saliva, and mucus. They protect against 

infection in the respiratory tract and intestines. These antibodies can pass from mothers to newborns 

through breast milk. 

IgE antibodies are normally present in trace amounts and are important in allergic reactions. 

IgD antibodies may be present on the surface of B cells but their function is not fully understood at 

this time. 

Antibodies make pathogens easier to kill by alerting the immune system that the germs need to be 

destroyed. 

CYTOKINES 

Cytokines are the messengers of the immune system. White blood cells and certain other cells of the 

immune system produce cytokines when an antigen is detected. 

There are many different cytokines, which affect different parts of the immune system: 

 Some cytokines stimulate activity. They stimulate certain white blood cells to become more effective 

killers and to attract other white blood cells to a trouble spot. 

 Other cytokines inhibit activity, helping end an immune response. 

 Some cytokines, called interferons, interfere with the reproduction (replication) of viruses. 
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THE ROLE OF A FEVER  

A fever is a common symptom associated with infections and illnesses. It is often feared and 

misunderstood by parents and caregivers and thus suppressed before it has a chance to accomplish its 

purpose.  

Fever is a defense mechanism the body uses to fight infections. Fever in itself is not the disease. A rise in 

body temperature occurs in response to substances release by the bacteria or viruses, which are being 

destroyed by the immune system.  

A fever indicates that all systems are working efficiently.  

The rise in temperature enhances the ability of the immune system to destroy the infection; inhibit the 

reproduction of viruses and bacteria; and aids the body in getting rid of the toxins and water products.  

Thus, the fever can be looked at as a strong and vital sign that the immune system is doing its job. If the 

foundation of the immune system is working well, most illnesses that are accompanied by a fever are 

easily overcome.  

With children the degree of Fever may not reflect the severity of the disease process. Extremes of 

temperatures may occur without relation to the significance of the infection.  

Signs of a healthy fever include signs of hydration and lucidness. Youngsters will want to be close to their 

caregivers and parents and slight perspiration should always be present. A dangerous fever is when it’s 

very high, there is no perspiration, and the person is non-responsive. 



 13 

INNATE AND ACQUIRED IMMUNE RESPONSE   

Innate (natural) immunity does not require a previous encounter with a microorganism or other invader 

to work effectively. It responds to invaders immediately, without needing to learn to recognize them.  

Several types of white blood cells are involved: 

Phagocytes ingest invaders. Phagocytes include neutrophils, monocytes, and dendritic cells. 

Natural killer cells are formed ready to recognize and kill cancer cells and cells that are infected with 

certain viruses. 

Some white blood cells (such as basophils and eosinophils) release substances involved in 
inflammation, such as cytokines, and in allergic reactions, such as histamine. Some of these cells can 

destroy invaders directly. 

In acquired (adaptive or specific) immunity, white blood cells called lymphocytes (B cells and T cells) 

encounter an invader, learn how to attack it, and remember the specific invader so that they can attack 

it even more efficiently the next time they encounter it. Acquired immunity takes time to develop after 

the initial encounter with a new invader because the lymphocytes must adapt to it. However, thereafter, 
response is quick. B cells and T cells work together to destroy invaders. To be able to recognize 

invaders, T cells need help from cells called antigen-presenting cells. These cells ingest an invader and 

break it into fragments. 

Innate immunity and acquired immunity interact, influencing each other directly or through molecules that 

attract or activate other cells of the immune system—as part of the mobilization step in defense.  

These molecules include: 

 Cytokines (which are the messengers of the immune system) 

 Antibodies 

 Complement proteins (which form the complement system) 

These substances are not contained in cells but are dissolved in a body fluid, such as plasma (the liquid 

part of blood). Some of these molecules, including some cytokines, promote inflammation. 

Inflammation occurs because these molecules attract immune system cells to the affected tissue. To 

help get these cells to the tissue, the body sends more blood to the tissue. To carry more blood to the 

tissue, blood vessels expand and become more porous, allowing more fluids and cells to leave blood 

vessels and enter the tissue. Inflammation thus tends to cause redness, warmth, and swelling. The 

purpose of inflammation is to contain the infection so that it does not spread. Then other substances 

produced by the immune system help the inflammation resolve and damaged tissues heal. Although 

inflammation may be bothersome, it indicates that the immune system is doing its job. However, 

excessive or long-term (chronic) inflammation can be harmful. 
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THE FRAMEWORK OF AN IMMUNE RESPONSE 

When an infectious agent enters the body an inflammatory response occurs, which causes the small 
blood vessels to dilate and increase the flow of blood and thus bring more white blood cells (monocytes) 

to the damaged/threatened area. Cells around this area secrete substances including histamine to cause 

the monocytes to move from the blood stream to the damaged/threatened site.  

Next the lymphatic system will begin to move debris and microorganism to the lymph nodes to where the 

macrophages reside. Here the macrophages will begin to digest the debris, break it down and analyze it 

passing this analysis on to the B-cell lymphocytes.  

The B-cell lymphocytes will begin to use this data to produce the necessary antibodies that bind to the 

antigens (infectious agent). 

Initially this unique and complex process can take upwards to a week to complete within the body at 
which time you may witness physical symptoms such as a fever and swollen lymph nodes and glands. 

But, if the particular antigen is encountered again, the ‘blueprint’ is retrieved from storage (the thymus) 

and the antibody reaction is much quicker. Once an antigen has been bound by an antibody it is unable to 

infect cells and it is destroyed and eliminated.  

 

HUMORAL VS CELL-MEDIATED IMMUNE RESPONSE  

What is the difference between humoral immunity and cell-mediated immunity? 

Let’s assume a human organism gets infected by a virus, which, when it appears in the human systems, 
just floats around in the fluids of the organism. That is the stage when humoral immunity with its 

responses starts to work on this virus. If, on the other hand, the virus has infiltrated inside the cell, it 

makes it produce other viruses. This is the stage where cell-mediated immunity with its mechanisms starts 

to work. 

The two systems of immunity – humoral and cell-mediated, can be viewed as a “fail-safe” mechanism. If 

every time a virus provokes antibodies, there is a chance that the immune system can start producing 
cells that become specific not to foreign objects, but to molecules originating in a healthy human 

organism. This possible random mutation (which potentially causes diseases known in biology and 

medicine as “auto-immune”) is the reason for the safe mechanism, which is provided by the division to the 

humoral immune system and the cell-mediated immune system. 

 

 

 

 



 15 

Comparison chart 

Humoral immunity Cell-mediated immunity 

Works on viruses and bacteria that are outside 

of the cells 

Works on viruses and bacteria that have penetrated 

inside the cells 

Is a simpler system Is a more sophisticated system 

Activates B-lymphocytes Activates T-lymphocytes 

 

A CHILD’S DEVELOPING IMMUNE SYSTEM 

An infant’s immune system is immature at birth. Fortunately, an infant carries passive immunity from its 

Mother for the first three months of its life. Breast-feeding continues this passive immunity further. Breast-

feeding helps to provide the infant with maternal antibodies and immune enhancing factors to encourage 

immunity to build within the baby. A baby’s lymphocytes are not yet capable of producing the necessary 

antibodies to bind to antigens. This ability will develop over the course of the first year of life.  

The Thymus gland plays an important role in the development of lymphocytes and is much larger in 

children than in adults, shrinking in size as we age. It is a gland that is located in the upper anterior 

portion of the chest cavity just behind the sternum. Thumping on the chest, however primal this may be, is 

very stimulating to the immune function.  

Special consideration:  

The digestive system of the body is lined with lymphatic tissue. This is one of the major routes of contact 

with foreign substances. The digestive tract of the infant is immature and just as the immune system 

developing over the course of the first year.  

As the infant grows the ability to digest a wide variety of food will occur. However, if certain foods are 

introduced that the body lacks the ability to digest properly an antibody reaction to this food may occur.  
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