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			Introduction

			Most people have become more interested in their health and even specifically in their immune system with the advent of the COVID-19 virus into the world. How can you build your immune system so that you do not develop this or other infectious diseases? If you do catch COVID-19, how do you maximize your immune system so that hopefully you do not have as severe a case of this potentially lethal illness?

			The immune system is composed of specific cells and organs that ward off invaders. Normally it does a wonderful job of keeping you healthy and preventing infections and illnesses by guarding the body against everyday germs and microbes. Unlike many other parts of your body, where cells of various functions are located in areas that can be easily defined, the distribution of immune cells into various organs is more complicated. A great deal of research has recently focused on understanding the individual cell types within the immune system and identifying interacting cells and the messengers they use to communicate.

			In this book, Max Your Immunity, you will learn proven therapies to increase your body’s ability to fight off disease. In addition, you will discover how to restore and increase your immunity without developing an overactive immune system.

			Part 1 of this book discusses the role your immune system plays. How does the immune system work? What are the innate and adaptive parts of the immune system? What are T cells, B cells, natural killer cells, and other cell lines you may not have heard of? What is an autoimmune disease? How is your immune system measured? Does you immune system change with age? All of these questions will be discussed at length in this section of the book.

			It may surprise you that currently the number-one cause of disease in the United States and most industrialized countries is your immune system trying to protect you. It is all about balance. An overactive immune system leads to an autoimmune disease process. An underactive immune system leads to an increase in infection rate and risk of developing cancer. Furthermore, a variety of changes are observed in the immune system, which translate into less effective innate and adaptive immune responses and increased susceptibility to infections. The capability to cope with infectious agents and cancer cells resides not only in adaptive immune responses against specific antigens, mediated by T and B lymphocytes, but also in innate immune reactions. Moreover, an age-related decline in immune functions, referred to as immunosenescence, is partially responsible for the increased prevalence and severity of infectious diseases, and the low efficacy of vaccination in older individuals. In short, this section of the book provides a comprehensive reference map defining the organization and balance of the immune system.

			Part 2 examines lifestyle changes and other considerations that can strengthen your immunity; from managing your stress, to optimizing gastrointestinal health, to minimizing sugar intake and alcohol intake, and a great deal more. Many of the ten keys discussed in this section can be employed on your own without a healthcare provider’s input. It is always best, however, to keep your doctor, or other healthcare professional, updated on changes in diet and other factors that you may implement to help heal and build your immune system.

			Part 3 reviews herbal and nutritional therapies for building immunity. Research has shown repeatedly that nutritional deficiencies or inadequacies can cause your immune system not to function perfectly. Insufficient intake of micronutrients occurs for many reasons. In addition, new studies have shown that for certain nutrients higher doses may be needed to optimize immune functions, including improving immune defense and resistance to infection.

			Likewise, many of these nutrients and herbal remedies help to maintain or improve immune function through different modalities of action; for example, inhibition of pro-inflammatory mediators, alteration of antigen-presenting cell function, anti-inflammatory action, modulation of cell-mediated immunity, as well as communication between the innate and adaptive immune systems. To be specific, micronutrient deficiencies suppress immune functions by affecting the innate T cell-mediated immune response and adaptive antibody response, which leads to an imbalance of the immune system. This increases your susceptibility to infections, along with an escalation in morbidity and mortality. Consequently, adequate intake of vitamins and minerals are required for the immune system to function efficiently.

			Last, extensive sources of scientific studies, academic papers, and books have been used in writing Max Your Immunity. Therefore, you can review the medical literature on your own and also give a copy of this book to your healthcare provider in order to aid all in the worthwhile goal of optimizing your immune system.

		

	
		
			Part 1. 
How Your Immune System Works

			On a daily basis you breathe in thousands of foreign agents—viruses and bacteria—that travel around in the air from one person to another and can live on the surfaces of our environment. For the vast majority of time, your immune system handles all of these invaders without a problem and manages to protect you. How your immune system carries out its work is the subject of this section. Part 1 will explore the role the immune system plays in your body. It will provide you with a comprehensive explanation and understanding of the basics of the immune system. This section will also examine the various components of your immune system, how they work together and apart to protect you from infection, as well as what constitutes a healthy immune system.

			You will learn what happens when your immune system becomes over-­reactive, which may lead to the development of an autoimmune disease. As you will see, there are many tests that can be performed by your healthcare provider to determine if your immune system is functioning optimally. Lastly, you will discover that your immune system can age as your body ages and learn ways to slow down this process.

			This section is divided into four chapters:

			
					What makes up your immune system?

					What is an autoimmune disease?

					How is your immune system measured?

					Does your immune system change with age?

			

			To say that your immune system can be explained in simple terms would be an overstatement. The fact is, this internal protection you have is made up of numerous cells that all work in different ways, but with the same purpose—to kill or disable these invaders. There is a lot of fascinating information in this section—however, while I have attempted to make it as understandable as possible, the processes involved are relatively complex. By first understanding the basics of your immune system, you will have a better idea of what you can do to strengthen your natural immunity while avoiding the most common invaders that seek to harm you. We will cover those areas in Part 2 and Part 3.

		

	
		
			1. What Makes Up Your Immune System?

			Different tissues work together in harmony to form complex systems in order to serve various vital functions in your body. The immune system is one of the most crucial systems. It encompasses tissues and cells that are associated with the defense of your body from different pathogens and infectious agents, such as viruses and bacterium. The immune system is generally classified into two different types: your innate immune system, also called the natural immune system, and your acquired immune system, also referred to as adaptive immunity. The purpose of both systems is to protect your body from disease or illness. In order to understand your immune system thoroughly, let us take a closer look at both of these systems in detail.

			YOUR INNATE IMMUNE SYSTEM

			Your innate immune system is designed to activate within minutes to hours after a foreign agent invades the body. Its purpose is to prevent the spread of harmful outside invaders. The innate immune system is composed of two lines of defense. The first line of defense consists of the skin, mainly the epidermis or outer skin, the gastric acid in the stomach, and the mucus membranes lining the tissues that are exposed to air, such as the nasal passages. The second line of defense consists of chemicals and cells that are released in the blood after being exposed to a pathogenic stimulus. The following is a summary of the characteristics of the innate immune system.

			
					These cells are active since birth, are operating all the time, and are ready to perform as soon as a foreign body enters your system.

					Once activated against a specific type of antigen, a toxin or foreign substance, the immunity remains throughout your life.

					It is inherited from your parents and passed down to your children.

					The response recognizes all types of pathogens, including, viruses, bacteria, and fungi.

					The same response is produced every time a pathogen invades the body.

					Its ability to fight off certain pathogens is limited.

			

			YOUR ADAPTIVE IMMUNE SYSTEM

			The adaptive system is mainly responsible for more complex reactions. This system activates after the innate response is fully implemented. Initially, the antigen entered into the body is identified by the specific immune cells, and then a cascade of reactions is started in the form of an antigen-antibody reaction to attack these outside invaders. This immune system also has the ability to remember these antigens, so that a specific response will be started should the same pathogen enter your body again in the future. The following is a summary of the characteristics of the adaptive immune system.

			
					These cells are normally in silent mode and become active only when the antigen is identified.

					The response is not immediate. It may begin to appear after a week or two after it has identified the outside invader. Consequently, it is called a delayed response type of immunity.

					The potency and effectiveness levels are very high since the combat cells the body generates are greatly specialized and also very powerful.

					The span of developed immunity lasts for a short time or may be lifelong.

					Unlike the cells of the innate immune system, these cells are not inherited.

					Each of these cells has a very specific purpose.

					Memory cells are present, which identify specific cells on each exposure.

					The diversity of responses is very high.

			

			Despite the differences, both immune systems have the same overall function—to protect you from harm. The innate response is produced initially for complete elimination of the pathogen, and then the delayed response is produced in the form of adaptive immunity—to continue to fight the battle and remember the identity of the invading enemy. Cells of both systems coordinate equally to produce an effective and long-lasting response, protecting against harmful pathogens and infectious agents from entering the body. Furthermore, there are both similarities and differences between the cells produced by the innate and adaptive immune classifications.

			Herd Immunity

			Herd immunity is the resistance to the spread of an infectious disease within a population. It is based on pre-existing immunity of a high proportion of people due to previous infections and/or vaccinations. The percentage varies by disease. General estimates range from 80 percent to 94 percent of a group’s population. Acquired immunity is established at the level of the individual, either through natural infection by a pathogen or through immunization with a vaccine. Thus, herd immunity is developed from the effects of individual (acquired) immunity scaled to the level of the population. The goal of herd immunity is to establish immunity so that those who cannot be vaccinated, such as very small children and immunocompromised individuals, are still protected against disease. The point at which the proportion of susceptible individuals falls below the threshold needed for transmission is called the herd immunity threshold.

			The microbiome plays an essential role in helping your body develop immune cells for the emerging vaccination process whose goal is herd immunity. Frequency of interaction among microbiota, nutrients such as probiotics and prebiotics, as well as individual immunity preserve the degree of vaccine effectiveness. Microbiome symbiosis (the interaction between two different organisms which usually result in an advantage to both) regulates pathogen transmissibility and the success of vaccination among different age groups. Imbalance of good and bad bacteria, called dysbiosis, decreases immunity. Therefore, if your gut is not healthy (see chapter 7), you may be more vulnerable to the infection. Moreover, disparities of the protective response of many vaccines may be due to inconsistencies of healthy microbiota among individuals.

			Consequently, herd immunity is the most critical and essential preventive intervention that delivers protection against once common diseases such as smallpox, polio, or measles. It has been made possible only because of natural vaccination through infection from the virus itself or expanded immunization programs.

			CELLS OF THE INNATE AND ADAPTIVE IMMUNE SYSTEMS

			The cells of both the innate and adaptive immune systems originate in the bone marrow which produces hematopoietic stem cells, that is, the cells that generate other blood cells. The hematopoietic stem cells then change into two cell lines.

			The myeloid cells. These cells can change into the red blood cells, platelets, neutrophils, eosinophils, basophils, and monocytes. The monocytes then make the dendritic cells and the macrophages. This is your innate immune system.

			The lymphoid cells. Such cells give rise to natural killer cells, T lymphocytes, and B lymphocytes. This is your adaptive immune system. In addition, these cells also make other cells.

			The T lymphocytes give rise to three types of cells.

			
					Cytotoxic cells, also called killer T cells

					Helper cells

					Regulatory cells, also called suppressor T cells

			

			The B lymphocytes give rise to plasma cells, which then produce antibodies.
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			LYMPHOID CELLS

			As discussed previously, the lymphoid cell line produces natural killer cells, B lymphocytes, and T lymphocytes. Let us examine each of these in depth.

			Natural Killer Cells

			Natural killer (NK) cells are lymphocytes of the innate immune system that control several types of tumors and microbial infections by limiting their spread and subsequent tissue damage. NK cell activation is controlled by a vibrant balance between the complementary and antagonistic pathways that are initiated upon interaction with potential target cells. NK cells express an array of activating cell surface receptors that can trigger cytolytic programs—a destruction of cells, as well as cytokine or chemokine secretion—protein signaling molecules that regulate immunity.

			Furthermore, NK cells are also regulatory cells that engage in reciprocal interactions with the following:

			
					Dendritic cells. Cells that function as messengers within the innate and the adaptive immune systems.

					Macrophages. Cells that participate in identifying and destroying bacteria and other harmful organisms.

					T cells. Type of white blood cell (leukocyte) that holds a fundamental role in the immune system, also called T lymphocyte.

					Endothelial cells. Cells that line all blood vessels and control exchanges between the bloodstream and surrounding tissues.

			

			Interestingly, natural killer cells can thus limit or exacerbate immune responses. Recent studies have shown that you can be born with a defect in three different genes that can cause a NK cell deficiency.

			B Lymphocytes

			B lymphocytes or B cells are a type of white blood cell of the lymphocyte subtype. They function in the humoral immunity component of the adaptive immune system by secreting antibodies. Additionally, B cells present antigens and secrete cytokines. B cells, unlike the other two classes of lymphocytes, T cells and natural killer cells, express B cell receptors (BCRs) on their cell membrane. BCRs allow the B cell to bind to a specific antigen, against which it will initiate an antibody response. There are several different types of B lymphocytes, including plasmablasts, plasma cells, lymphophasmacytoid cells, memory B cells, B-2 cell-F0 B cells, MZ B cells, B-1 cells, and regulatory B (B reg) cells.

			T Lymphocytes

			These white blood cells, T lymphocytes, that are essential to your immune system are divided into three groups of cells; helper T cells (Th1 and Th2), regulatory cells (suppressor T cells), and cytotoxic cells (killer T cells).

			Helper T cells. The helper T cells (Th cells), also known as CD4+ cells, are a type of T cell that plays an important role in the immune system, particularly in the adaptive immune system. Helper T cells facilitate other cells in destroying harmful organisms. They also facilitate the activity of other immune cells by releasing T cell cytokines. Likewise, these cells help suppress or regulate immune responses. They are essential in helping to activate B cells to secrete antibodies and macrophages to destroy bacteria and viruses, in the activation and growth of cytotoxic T cells, and in maximizing bactericidal activity of phagocytes such as macrophages.

			In addition, helper T cells are capable of influencing a variety of immune cells, and the T cell response generated (including the extracellular signals, such as cytokines) can be very important to help your body eradicate an infection. In order to be effective, helper T cells must determine which cytokines will allow the immune system to be most beneficial for the host.

			Understanding exactly how helper T cells respond to immune challenges is currently of major interest in immunology, because such knowledge may be very useful in the treatment of disease and in increasing the effectiveness of vaccinations.

			These cells come in two forms: Th1 and Th2. The following are the differences between the two types.

			Type I/Th1

			
					The main partner cell types are macrophage and CD8+ T cells.

					The cytokines produced are interferon-y, TNF-B, interleukin-2, and interleukin-10.

					The immune stimulation promoted is from the cellular immune system. It maximizes the killing efficacy of the macrophages and the proliferation of cytotoxic CD8+ T cells. It also promotes the production of IgG which is an opsonizing antibody. Opsonization is the action in which specific antibodies in the blood attach to the exterior of a foreign antigen.

					Other functions include: The Type 1 cytokine IFN-y increases the production of interleukin-12 by dendritic cells and macrophages, and via positive feedback, IL-12 stimulates the production of IFN-γ in helper T cells, thereby promoting the Th1 profile. IFN-gamma also inhibits the production of cytokines such as interleukin-4, an important cytokine associated with the Type 2 response, and thus it also acts to preserve its own response.

			

			The Magic of Cells

			While you may have heard the term “stem cells” used, it is important to understand what that means in regard to the immune cells that we will be discussing. The body is composed of many different cells that all perform various tasks. From skin cells to blood cells to heart cells, each is there to carry on life-sustaining functions. Scientists have discovered that the stem cells in your body are unspecialized. That is, while they don’t seem to have an obvious function, they are, in fact, fundamental to your existence.

			In 1998, scientists discovered that by mixing stem cells with different combinations of proteins, they were able to grow different types of specialized cells. In turn, with the right protein formulas they were able to turn these stem cells into heart, bone, kidney, nerve, and other specialized cells. It was later discovered that stem cells are found in every part of the body, and while stem cells may have a limited ability to diversify, we are still learning more about the potential of stem cells.

			Type 2/Th2

			
					The main partner cell types are B cell, eosinophil, and mast cells.

					The cytokines produced are interleukin-4, interleukin-5, interleukin-6, interleukin-9, interleukin-10, and interleukin-13.

					The immune stimulation promoted is from the humoral immune system. It stimulates B cells into proliferation, to induce B cell antibody class switching and to increase neutralizing antibody production (IgG, IgM, IgA, and IgE antibodies).

					Other functions include: The Type 2 response promotes its own profile using two different cytokines. Interleukin-4 acts on helper T cells to promote the production of Th2 cytokines, while interleukin-10 (IL-10) inhibits a variety of cytokines, including interleukin-2 and IFN-γ in helper T cells, and IL-12 in dendritic cells and macrophages.

			

			There are also other types of helper cells that are produced in the body that are beyond the scope of this book.

			Regulatory cells (Suppressor T cells). Suppressor T cells (Treg) (T8 or CD8+ cells) control the activity of other white blood cells so they do not destroy normal tissue. Specifically, Treg cells maintain order in the immune system by enforcing a dominant negative regulation on other immune cells. These cells are more broadly classified into natural or adaptive Tregs:

			Natural Tregs are CD4+CD25+ T cells which develop and migrate from the thymus to perform their major role in immune homeostasis.

			Adaptive Tregs are non-regulatory CD4+ T cells which acquire CD25 (IL-2R alpha) expression outside of the thymus, and are typically induced by inflammation and disease processes, such as autoimmune disorders and cancer.

			The exact understanding of the entire immunosuppressive mechanism of T regulatory cells remains elusive.

			Cytotoxic cells (Killer T cells). Killer T cells (a kind of CD8+ cell) recognize and destroy abnormal or infected cells. All viruses, and some bacteria, multiply in the cytoplasm of infected cells. Once inside cells, these pathogens are not accessible to antibodies and can be eliminated only by the destruction or modification of the infected cells on which they depend. Therefore, their role in host defense is fulfilled by cytotoxic CD8 T cells. Moreover, as well as controlling infection by viruses and cytoplasmic bacteria, CD8 T cells are important in controlling some protozoan infections. The elimination of infected cells without the destruction of healthy tissue requires the cytotoxic mechanisms of CD8 T cells to be both powerful and accurately kill infected targets with great precision along with sparing adjacent normal cells. This rigor is critical in minimizing tissue damage while allowing the eradication of infected cells.

			CYTOKINES

			Cytokines are a broad and loose category of small proteins important in cell signaling. Cytokine are peptides and cannot cross the lipid bilayer of cells so they cannot enter the cytoplasm. They are involved in three types of cell signaling:

			
					Autocrine signaling is a type of cell signaling where a cell discharges a hormone or chemical messenger (called the autocrine agent) that sticks to autocrine receptors on that same cell, which then leads to alterations in the cell.

					Paracrine signaling is a sort of cell signaling or cell-to-cell transmission in which a cell creates a signal to bring about changes in nearby cells, reshaping the behavior of those cells.

					Endocrine signaling takes place when endocrine cells discharge hormones that have an effect on distant target cells in the body.

			

			Cytokines operate as agents of immune modulation—boosting the body’s immune system—and are produced by many types of cells, including macrophages, B lymphocytes, T lymphocytes, mast cells, endothelial cells, fibroblasts, and various stromal cells. In addition, any cytokine can be produced by more than one kind of cell. Cytokines are important in health and disease, specifically in host immune responses to infection, inflammation, trauma, sepsis, and cancer. The following are different types of cytokines produced by the body.

			
					Chemokines control chemotaxis (movement of cells) and leukocyte recruitment. Many of these are proinflammatory.

					Colony-stimulating factors are involved with stimulation of hematopoietic progenitor cell (cells present in blood and bone marrow) proliferation and differentiation.

					Interferons regulate innate immunity. They have antiproliferative effects (prevent or slow down spread of cells). They also cause activation of antiviral properties by the body.

					Interleukins regulate growth and differentiation of leukocytes. Many of them are proinflammatory.

					Tumor necrosis factor is proinflammatory and it activates cytotoxic T lymphocytes.

			

			Furthermore, adverse effects of cytokines have been linked to many disease processes, such as schizophrenia, depression, cancer, and Alzheimer’s disease. Over secretion of cytokines can trigger a cytokine storm.

			Cytokine Storm

			Under normal circumstances, cytokines help coordinate the response of your immune system to take care of infectious substances, like viruses or bacteria. The problem is that sometimes the body’s inflammatory response can get out of control, causing more harm than good. From time to time, the body produces too many inflammatory cytokines and not enough cytokines that modulate inflammation. Consequently, the inflammatory cytokines start “storming” out of control, without enough feedback from the anti-­inflammatory cytokines.

			Recent studies have shown that in people experiencing cytokine storm syndrome, certain cytokines are present in the blood at higher-than-normal amounts, which can cause multisystem organ failure and even death. In COVID-19, elevations in several inflammatory cytokines appear to be involved in the development of acute respiratory distress syndrome, the leading cause of death in people suffering with COVID-19.

			Cytokine storms can be caused by a number of infectious and non-infectious etiologies including the following:

			
					Cytomegalovirus

					Epstein-Barr virus

					Group A streptococcus

					H5N1 influenza

					SARS-CoV-1

					SARS-CoV-2 which is COVID19

			

			Individuals with certain autoimmune diseases may also have a higher risk of developing cytokine storm syndrome.

			Symptoms of Cytokine Storm Syndrome

			Cytokine storm can cause many different symptoms. Sometimes these are only mild, flu-like symptoms. Other times, these can be severe and life-threatening. Symptoms may include:

			
					Confusion and hallucinations

					Cough

					Difficulty coordinating movements

					Fatigue

					Fevers and chills

					Headache

					Lethargy and poor responsiveness

					Muscle and joint aches

					Nausea and vomiting

					Rapid breathing

					Rash

					Seizures

					Shortness of breath

					Swelling of extremities

					Tremor

			

			Very low blood pressure and increased blood clotting can also be hallmarks of severe cytokine storm syndrome. In addition, the heart may not pump as well as it normally would. As a result, cytokine storm can affect multiple organ systems, potentially leading to organ failure and death. New therapies are being developed all the time to decrease the inflammatory response. (See the section on inflammation in Part 3 of this book.)

			HUMORAL AND CELL-MEDIATED IMMUNITY

			The adaptive system can further be divided into two categories: humoral immunity and cell-mediated immunity.

			What are the similarities between humoral and cell-mediated immunity?

			
					Humoral and cell-mediated immunity are two types of adaptative immunity.

					Both immunity types activate upon the exposure to foreign antigens.

					They effectively defend your body against a variety of pathogens.

					Each of the immunities creates immunological memory against antigens.

					The mutual systems do not work correctly in immunocompromised individuals.

			

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

			
					The key difference between humoral and cell-mediated immunity is the production of antibodies. Humoral immunity operates with antibodies produced by B lymphocytes, while cell-mediated immunity does not involve antibodies.

					Humoral immunity mainly works against extracellular pathogens identified by the antibodies, while cell-mediated immunity works against intracellular pathogens identified by the T cell receptors.

					Humoral immunity does not provide immunity against cancers, while the cell-mediated immunity provides immunity against cancers.

			

			In summary, there are two essential differences between humoral and cell-mediated immunity. The key difference between these two immunities is that humoral immunity facilitates by the antibodies produced by B lymphocytes. In contrast, cell-mediated immunity does not facilitate by the antibodies, it instead is mediated by Th cells and cytotoxic T lymphocytes. The other major difference between humoral and cell-mediated immunity is that humoral immunity works against extracellular antigens, while cell-mediated immunity works against intracellular antigens.

			CONCLUSION

			The predominant function of the immune system is to prevent or regulate infection. As you have learned in this chapter, the immune system is complex and extensive with a myriad of cell types that flow throughout your body performing a unique role. Each of the cell types have distinct ways of identifying problems, communicating with other cells, and carrying out their
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Hematopoietic Cells
Found in the Bone Marrow
[CAN TURN INTO TWO CELLS]

Myeloid Progenitor Cells Lymphoid Progenitor Cells
[CAN TURN INTO 6 DIFFERENT CELLS] [CAN TURN INTO 3 DIFFERENT CELLS]
Red Blood Cells Platelets Natural Killer Cells
Neutrophils Eosinophils T Lymphocytes
Basophils Monocytes B Lymphocytes
[THE MONOCYTES CAN TURN INTO 2 CELLS] [THE B LYMPHOCYTES CAN TURN INTO]
Dendritic Cells Macrophages Plasma Cells
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