THE IMMUNE SYSTEM
(A Note to help you to understand how the Covid vaccine works, but please remember that I am a Chemist and
not a Biologist. The commentary herein is mine, and I have cited the many sources that I have used.)

A ‘pathogen’ is a disease -producing antigen, and an antigen (an antibody generator) is any non-self entity
that has invaded an organism.
Widipedia says that “the study of the molecular and cellular components that form the immune system,
including their function and interaction, is the central science of Immunology. In vertebrates i.e. animals
that have a spine (or backbone), the Immune System is divided into two components (i) a more primitive
innate immune system and (ii) an acquired or adaptive/acquired immune system. (Humoral immunity
refers to antibody production by B-cells and the coincident processes that accompany it.)
Boston University summarises the Immune System in the following diagramme.

There are two possible responses by the Immune System viz
A) The Non-specific INNATE Immune Response to deal with antigens/pathogens that have never been
encountered previously. The Innate Immune System is slow to respond to a new foreign body (an antigen
or a pathogen) and it can take 1-2 weeks to fight the intruder off.
The second Immune Response is
B) The Specific ADAPTIVE/ACQUIRED Immune Response which deals with antigens/pathogens that have
been encountered previously. The Adaptive/Acquired response goes into effect within seconds (and certainly
within minutes) after infection and it is the body’s response to invaders that have been encountered
previously.
Alberts et al., Garland Science, New York 2002 say that Innate Immune Responses are not specific to a
particular pathogen in the way that adaptive/acquired immune responses are. Innate Immune Responses
depend on a group of proteins and phagocytotic cells that recognise conserved features of pathogens and
become activated to help destroy invaders. The adaptive/acquired immune system arose in evolution less
than 500 million years ago and is confined to vertebrates, whereas innate immune responses have been
found among both vertebrates and invertebrates, as well as in plants, and the basic mechanisms that
regulate them are conserved.
Adaptive/Acquired Immune Responses are carried out by white blood cells called lymphocytes. There
are two broad classes of such responses: Antibody Humoral Responses carried out by lymphocyte B-cells
and Cell-Mediated Responses carried out by lymphocyte T-cells. In antibody responses, B cells are
activated to secrete antibodies (proteins that are also called immunoglobulins). The antibodies circulate in
the bloodstream and permeate the other body fluids, where they bind specifically to the foreign antigen
that stimulated their production. Binding by antibodies inactivates viruses and microbial toxins (such as
tetanus toxin or diphtheria toxin) by blocking their ability to bind to receptors on host cells. Antibody
binding also marks invading pathogens for destruction, mainly by making it easier for phagocytic cells of
the innate immune system to ingest them. Source: Alberts et al., Garland Science, New York 2002.
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The following is a diagramme by Professor John H. Humphrey, Professor of Immunology, Royal Postgraduate
Medical School, University of London, 1976–81, and it shows the Immune Response to an antigen/pathogen.

The INNATE Immune System is non-specific viz. it will destroy ANY antigen/any foreign body that has
broken through the body’s first line of defence (viz. skin/mucous/cilia/etc), but it takes time (many days)
to set up all the mechanisms that will deal with a new antigen. In contrast, the ADAPTIVE/ACQUIRED
Immune System is highly specific and it will jump into action within seconds to kill an antigen that the
body has already encountered in the past – precisely because the body has already encountered that
antigen previously, and has set up systems to deal with it. It is rather important that you understand this
(Innate vs. Adaptive/Acquired) distinction.
A vaccine generates a non-harmful pseudo invasion of an antigen/pathogen, that allows the
Adaptive/Acquired Immune System to jump into play when the real antigen/pathogen is
subsequently encountered.
There is a second distinction that you must also understand (and it is related to the first). Inside a body
there is a huge volume of liquid circulating around the body, and in the olden days (in old English) these
liquids were called “humours”. However, this can easily be confused with the modern word “humour”
(meaning something amusing/funny) therefore I shall, in this Note, use the American spelling for the
Biological “Humoral” System.
In the diagramme above, a macrophage has encountered and engulfed an antigen/pathogen. The
macrophage has then broken up and destroyed the antigen/pathogen, and taken tiny unique fragments,
either proteins or polysaccharides (long sugar molecules) from the antigen/pathogen and placed them on
MHC molecules (Major Histocompatibility Complex molecules), and presented these unique identifying
proteins/polysaccharides on its surface for immature Helper T-cells to recognise and identify. Once a
Helper T-cell has recognised the presented protein/polysaccharide as identifying a unique antigen/
pathogen, then the Helper T-cell will be activated and become a mature Helper T-cell.
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Here an Antigen Presenting Cell (such as a
Macrophage or a Dendritic Cell) has engulfed and
destroyed an antigen/pathogen, and presented on an
MHC-II molecule (shown in green), a unique
identifying protein from that antigen/pathogen on its
surface. An immature T-cell (via its T-cell receptor)
then binds to the antigen-fragment-and-MHC-IIcomplex, and the T-cell then gets to know the antigen
fragment and is thereby ‘activated’.
<–– Here is a fragment protein of the antigen/pathogen
being presented on an MHC Class II molecule to an
immature Hepler T-cell which then becomes activated.
MHC-II molecules present abnormal or nonself
pathogen antigens for the initial activation of T-cells,
and they are found only on cells such as Macrophage/
Dendritic/and B-cells.
In contrast, MHC-I molecules are found on ALL
nucleated cells i.e. cells that have a nucleus and they
present both normal self-antigens as well as abnormal
or nonself pathogens to the effector T-cells involved in
cellular immunity in the Innate and in the
Adaptive/acquired Immune Systems.

Source: Sir Gustav JV Nossal, Scientific American, 1993

An activated (CD4+) Helper T-cell (“CD” stands for “Cluster of Differentiation”) will
• make Memory T-cells that from then on will always be able to recognise that particular unique
antigenic or pathogenic protein,
• create cytotoxic or killer (CD8+) Lymphocyte T-cells that will destroy any of the body’s cells
that have been infected by that particular antigen/pathogen, and they will also destroy cancer
cells. If a cytotoxic CD8+ T-cell encounters a peptide fragment that has a complementary shape
to its receptor, it will bind to the (MHC+peptide) complex and secrete cytotoxic molecules that
penetrate the infected cell and kill it,
• summon cytotoxic cells such as Macrophages to destroy the antigen/pathogen, and
• it will also alert Lymphocyte B-cells to the existence of the antigen/pathogen. If a helper T
lymphocyte binds to a peptide fragment on the surface of a B cell, it stimulates the B cell to
divide repeatedly and differentiate into plasma cells that produce antibodies against the
antigenic material.
This is the Humoral Response
where an activated T-cell is
causing a B-cell to differentiate
into (i) plasma B-cells that will
produce antibodies, and (ii)
memory B-cells that will
‘remember’ the shape of the
unique identifying protein from
the antigen/pathogen and, the
next time that it encounters that
shape, set in motion the
phagocytosis of the antigen/
pathogen.
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MHC molecules
The function of MHC class I molecules is to take pieces of any protein that has been synthesised
within a cell in the body and “express” or “present” these pieces on the cell surface. The effect of this
is that MHC-I molecules thereby help the body to identify ‘self’ from ‘non-self’ entities, and
Lumen Learning https://courses.lumenlearning.com/microbiology/chapter/major-histocompatibilitycomplexes-and-antigen-presenting-cells/ points out that a major difference between MHC-I and
MHC-II molecules is that MHC-I molecules are thus found on ALL nucleated cells i.e. cells that have
a nucleus1, whereas MHC-II molecules are found only on Macrophages/Dendritic Cells/and B-cells.
MHC-I molecules present normal self-antigens as well as abnormal or non-self pathogens to the
effector T cells involved in cellular immunity and, in contrast, MHC II molecules are found only on
phagocytotic Macrophages, Dendritic Cells, and B cells – they present abnormal or nonself
antigens/pathogen for the initial activation of T cells.
Unique identifying fragments (proteins and polysaccharides) of a non-self antigen/pathogen are placed on
- Class II (MHC-II cells) for TH2 Helper T-cells of the Humoral Immune System to recognise
whereas ‘self’ identifying proteins and polysaccharides are placed on
- Class I (MHC-I cells) for TH1 Helper T-cells of the Cell-Mediated Immune System to recognise.
MHC I molecules are found on all nucleated cells – they present normal self-antigens as well as
abnormal or non-self pathogens to the effector T cells involved in cellular immunity.

A) The Non-Specific Innate Immune Response
The Non-specific INNATE Immune Response deals with antigens/pathogens that have never been
encountered previously (an “antigen” is an antibody generator). The Innate Immune System is slow
to respond to a new foreign body (an antigen or a pathogen) and it can take 1-2 weeks to fight the
intruder off.
Once in the humors of the body (the saliva/blood/lymph/interstitial fluid/etc) antigens or pathogens
will encounter phagocytotic cells2 – and it is the job of the phagocyte to devour and dispose of any
antigen or pathogen that they may encounter. The phagocytotic cells in the Humoral System are
Macrophages/Dendritic Cells/and Monocytes (such as Neutrophils/CD8+ Cytotoxic Lymphocyte
T-cells/etc) but I do not want to take the explanation to Degree Level, and I want to confine the
discussion to GCSE and ‘A’ Level. The first distinction that must be made therefore is between the
Humoral Response (that leads to the creation of antibodies) and the Cell-Mediated Response
(that leads to the release of cytotoxic cells). This distinction is VERY important.

1

Leukocytes (white blood cells) have a nucleus, whereas Erythrocytes (red blood cells) do not have a nucleus,
and thus Erythrocytes (unlike all other cells) do not have MHC-I presenting molecules on their surface.
2
Phagocytotic cells are cells such as Natural Killer Cells/Dendritic Cells/Macrophages/Neutrophils/
Monocytes/Lymphocyte CD8+ killer cells/etc. Historically, Macrophages/Dendritic Cells/and Monocytes have
been grouped together because although Monocytes have their unique functions as mononuclear phagocytotic
cells, Monocytes used to be considered as the definitive precursors of Macrophages and Dendritic Cells. The
mononuclear phagocyte system (MPS) has thus historically been categorized into Monocytes, Dendritic Cells and
Macrophages on the basis of functional and phenotypical characteristics. Macrophages were formerly described
as a key component of the innate immune system while Dendritic Cells were referred to as the interface with the
adaptive/acquired immune system. Macrophages are distinguished as vacuolar cells (larger than their monocyte
precursors) that excel in the clearance of apoptotic cells, cellular debris and pathogens. By contrast, Dendritic
Cells are usually defined as cells with a stellate morphology that can efficiently present antigens on MHC-II
molecules and activate naive T cells. Monocytes used to be labelled “monocytes” while in the blood-stream, and
labelled “macrophages” when they had migrated into tissue and differentiated into substantially larger species.
However, these distinction are gradually becoming blurred and outmoded. Source: (NIH = US National Institutes
of Health) https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4638219/ .
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A1) The Cell-Mediated Immune Response (involving T-cells)
- White Blood Cells (WBCs) are called “Leucocytes” while RBCs are called “Erythrocytes”.
- T-cells and B-cells are both Leucocytic Lymphocytes, each being one of the body’s WBCs.
- “Natural Killer Cells”3 (NK cells) were first noticed for their ability to kill tumour cells without any
priming or prior activation in contrast to Cytotoxic CD8+ T-cells, which need priming by antigen
presenting cells (APCs).
- An antigen is anything that invades a body (e.g. a particle of dust), while pathogens are disease
producing antigens (such as bacteria/viruses/fungi/parasites/etc).
- Phagocytes are entities in the body that destroy antigens, and a macrophage is just one of the body’s
phagocytes. Others include Neutrophils/Dendritic Cells/Natural Killer Cells/CD8+ Cytotoxic
T-Lymphocytes/Macrophages/etc. At a simplistic level, a macrophage is a white blood cell called a
monocyte “that has migrated from the bloodstream into any tissue in the body” (but in reality, there is
rather more to it than that).
- When an antigen (e.g. a pathogen) gets into your body and meets a macrophage, the macrophage
will engulf and destroy the antigen/the pathogen.
- The macrophage will take a unique protein or polysaccharide (one that will identify that
antigen/pathogen and no other antigen/pathogen) from the antigen/pathogen and use a Major
Histocompatibility Complex Class II molecule to present that unique protein to a non-activated
(immature CD4+) Helper Lymphocyte T-cell (cf. Professor Humphrey’s elegant diagramme on
page 2). NB I still spell “diagramme” the old English way rather than the modern American (viz.
“diagram”) way.
- The presentation of the antigen will ACTIVATE the Helper Lymphocyte CD4+ T-cell.
- Macrophages are not the only type of Antigen Presenting Cell. There are other APCs such as
Dendritic cells. The main function of Dendritic cells is to process antigen material and present it
on their cell surface to the T-Lymphocyte cells of the immune system. (TCR = T-cell Receptor.
Ab complex = Antigen + Unique Protein, or it could be a polysaccharide.)

Source: https://en.wikipedia.org/wiki/Phagocyte

3

Natural Killer (NK) Cells are lymphocytes in the same family as T and B cells, coming from a common
progenitor. However, as cells of the innate immune system, NK cells are classified as group I Innate Lymphocytes
(ILCs) and respond quickly to a wide variety of pathological challenges. NK cells are best known for killing virally
infected cells, and detecting and controlling early signs of cancer. Source: Philipp Eissmann (Imperial College),
https://www.immunology.org/public-information/bitesized-immunology/cells/natural-killer-cells .
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In the next diagramme (which I showed you on page 4), at the top left of Sir Gustav Nossal’s diagramme
you can see that the T-cell Receptor has produced an exact inverse replica of the unique shape of the
polypeptide protein or polysaccharide of the antigen/pathogen. It will then inform B-Lymphocyte cells of
that unique shape so that the B-cells can produce antibodies that have that unique shape at the tips of the
two prongs that they then produce to identify that particular antigen from then on.

Here a Macrophage is seen swallowing an
antigen and breaking it up to render it
harmless. The macrophage then takes a
polypeptide protein (or polysaccharide)
from the antigen which is unique to that
antigen, and presents the protein/
polysaccharide on its surface (on an MHCII molecule) to an immature (CD4+)
Lymphocyte Helper T-cell to allow the
Lymphocyte T-cell to recognise that
antigen. This is called “activating” the Tcell.
The activated T-cell will then produce
Killer (CD8+) Lymphocyte T-cells to
destroy that antigen, and Memory Tcells to ‘remember’ that antigen/
pathogen thereafter.
The body has other phagocytotic cells
besides the killer CD8+ T-cells (e.g.
phagocytotic Macrophages/Dendritic
Cells/Monocytes/Neutrophils/etc).

Source: Sir Gustav JV Nossal, Scientific American, 1993
A cytotoxic T-cell is a CD8+ T-Lymphocyte cell that kills cancer cells, and infected cells (especially
ones that are infected with viruses), and also cells that are damaged in other ways. (The body does not
want damaged cells.)
These are the main blood cells.

Red Blood Cells

Killer T-cells
Helper T-cells

Macrophages are the
main phagocytotic
scavenger in the
Innate (non-specific)
Immune System.

When there is a cut or an abrasion
in your skin, platelets rush to the
opening and create clots to stop
the bleeding. Platelets also do
other things.

White blood cells are a major component of the
Immune System.
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In the following diagramme, an Antigen/Pathogen Presenting Cell (APC) is using a Major
Histocompatibility Complex Class II (MHC-II) molecule to present the antigen/pathogen identifying
protein or polysaccharide to Immature CD4+ T-cells to activate them, and it is also using MHC-I
molecules to present the antigen/pathogen identifying protein to Immature CD8+ T-cells to enable
them to identify that protein from then on. The CD8+ T-cell will then become a cytotoxic (killer) cell.

A ‘cytotoxic’ cell is a
killer (phagocytotic) cell.

Source: Wikipedia
Helper 1 T-cells and Helper 2 T-cells can be written as either TH1 or Th1 (and TH2 or Th2).

- An activated TH2-cell will also inform B-Cells of the existence of the pathogen in the body and
identify the antigen/pathogen to the B-cells, and the B-cells will then produce literally trillions of
antibodies specific to that antigen/pathogen. I believe that (using ‘scientific notation’), there are
‘ n x 109 ’ antibodies produced per litre of blood, where “n” = a one-digit integer. The two tips of
the Y on the antibodies will have the reverse/complement shape of the antigen/pathogen’s unique
protein, and they will thus fit exactly onto that protein and onto no other protein. This response by
the Immune System is thus highly SPECIFIC to that pathogen and to no other pathogen.
- The trillions of Y-shaped antibodies that are produced by the B-cells will then lodge onto the
antigen/pathogen and interrupt its activity, and they will also summon phagocytotic cells to
come and destroy the antigen/pathogen.
I suspect that other animals have the same Immune System as we have, and possibly plants also have
the same Immune System – but please remember that I am a Chemist and not a Biologist.
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<–– Here are the Y-shaped antibodies produced by the Bcells. They will (i) interrupt the activity of the
antigen/pathogen by lodging onto it, and (ii) they will
summon other sorts of cells to come and destroy the
antigen/pathogen. This latter act of destruction is called
“phagocytosis”.
Epitope: An epitope (also known as the antigenic
determinant) is the part of an antigen that is recognised by
the immune system, and specifically by antibodies, B cells,
or T cells. The epitope is the specific piece of the antigen to
which an antibody binds, and it has a unique identifying
shape.

- The Helper T-cell will also help create macrophage killer cells to destroy the antigen/pathogen.
- If the antigen is a pathogen, and it has infected some of the cells of the body, then the Killer
Cytotoxic T-cells will destroy those of the body’s cells that have been infected.
- Activated Lymphocyte B-cells will also produce Lymphocyte Memory B-cells that will be able to
recognise that particular antigen/pathogen should that antigen/pathogen ever invade the body
again.
The Specific Adaptive/Acquired Immune System is thus a rapid response mechanism that springs
into action immediately – whereas the Non-Specific Innate Immune System is a much slower
defence mechanism because it has to deal with antigens/pathogens that it has never before
encountered.

MHC II molecules ––>
are found only on
macrophages, dendritic
cells, and B cells; they
present abnormal or
nonself pathogen
antigens for the initial
activation of T cells.

Source: Paul Andersen, Bozeman Science
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Summary
Encyclopædia Britannica, Inc. says the Immune system is the complex group of defence responses
found in humans and other advanced vertebrates that helps repel antigens such as pathogens
(disease-causing organisms). Immunity from disease is actually conferred by two cooperative
defence systems, called nonspecific innate immunity, and specific adaptive/acquired/acquired
immunity.
Nonspecific protective mechanisms repel all microorganisms equally, while the specific immune
responses are tailored to specific types of invaders. Both systems work together to thwart organisms
from entering and proliferating within the body. These immune mechanisms also help eliminate
abnormal cells of the body that can develop into cancers.
Immune stimulation by activated helper T cells
Activated by complex interaction with molecules on the surface of a macrophage or some other
antigen-presenting cell, a helper T cell proliferates into two general subtypes, TH1 and TH2. These in
turn stimulate the complex pathways of the cell-mediated immune response and the humoral immune
response, respectively.
Encyclopædia Britannica, Inc.
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