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1. INTRODUCTION

This modules deals with certain fundamental issbEsIt immunology
particularly definitions and types of immunology a&ll as how the
immune system develops in line with its originefdis also going to be a

brief overview of the immune system by way of iwotion

2.0 OBJECTIVES

It is hoped that at the end of your understandingnd 1, you should have a
good grasp of what immunology is all about in teoh its origin,

development and general knowledge including a aliav of immunology.

3.0 MAIN CONTENTS

3.1 Definition

Immunology: According to Wikipedia, it is a broad branch of toedical
science that covers the study of all aspects ofirtiraune system in all
organisms. [1] it deals with, among other thingbe tphysiological
functioning of the immune system in states of bb#alth and disease;

malfunctions of the immune system in immunologicdisorders
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(autoimmune diseases, hypersensitivities, immunicieecy, transplant
rejection); the physical, chemical and physiolobiclaracteristics of the
components of the immune system in vitro, in siand in vivo.

Immunology has applications in several disciplioéscience, and as such

is further divided.

3.2 Histological examination of the immune system

Even before the concept of immunity (frommunise Latin for “exempt”)
was developed, numerous early physicians charaeteonrgans that would
later prove to be part of the immune system. Thayary lymphoid organs
of the immune system are thymus and bone marrow, setondary
lymphatic tissues such as spleen, tonsils, lympssels, lymph nodes,
adenoids, and skin. When health conditions warramhune system organs
including the thymus, sleep, portion of bone matréymph nodes and
secondary lymphatic tissues can be surgically excisr examination while

patients are still alive.

Many components of the immune system are actuallylar in nature and
not associated with any specific organ but rathex embedded or

circulating in various tissues located throughbetbody.



3.3 TYPES OF IMMUNOLOGY

* Classical immunology

Classical immunology ties in with the fields of @gmiology and medicine.
It studies the relationship between the body systepathogens, and
immunity. The earliest written mention of immunitgn be traced back to
the plaque of Athens in 430 BC. Thucydides noteat ffeople who had
recovered from a previous bout of a disease couldenthe sick without
contracting the illness a second time. Many othwriemt societies have
references to this phenomenon, but it was not thet 19th and 20th

centuries before the concept developed into séiettieory.

The study of the molecular and cellular componehtd comprises the
immune system, including their function and intéiag is the central
science of immunology. The immune system has baeded into a more
primitive innate immune system and acquired or adapmmune system of
vertebrates, the later of which is further dividetb humoured and cellular

components.



The humoral (antibody) response is defined as ftfteraction between
antibodies and antigens. Antibodies are specifatgims released from a

certain class of immune cells (B lymphocytes).

Antigens are defined as anything that elicits gatr@n of antibodies, hence
they are Antibody Generators. Immunology itseltses an understanding
of the properties of these two biological entitiddowever, equally
important is the cellular response, which can mdy &ill infected cell in its
own right, but is also crucial in controlling theatdody response. Put

simply, both systems are highly interdependent.

In the 21st century, immunology has broadened a@szbns with much
research being performed in the more specializedesi of immunology.
This includes the immunology function of cells, ang and systems not
normally associated with the immune system, as aslhe function of the

Immune system outside classical models of immunity.

1. Clinical immunology

Clinical immunology is the study of diseases causeslisorders of the
immune system (failure aberrant action, and mahgngrowth of the
cellular elements of the system). It also involdeseases of other systems,

where immune reactions play a part in the pathology clinical features.



The diseases caused by disorders of the immunensyatl into two broad
categories: immunodeficiency, in which parts of tlmenune system fail to
provided an adequate response (examples includmichgranulomatous
disease), and autoimmunity, in which the immuneesysattacks its own
host's body (examples include systemic lupus emttesus, rheumatoid
arthritis, Hashimoto’'s disease and myasthenia gyavOther immune
system disorders include different hypersensiasitiin which the system
responds inappropriately to harmless compoundshr(est and other

allergies) or responds too intensely.

The most well-know disease that affects the immeystem itself is AIDS,
caused by HIV. AIDS is an immunodeficiency charazesl by the lack of

CD4+ (“helper”) T cells and macrophages, whichaestroyed by HIV.

Clinical immunologists also study ways to prevaansplant rejection, in

which the immune system attempts to destroy alfogreengrafts.
2. Developmental Immunology

The body’s capability to react to antigen depenosoaling to age (of the
person), antigen type, maternal factors and tha aigere the antigen is
presented. Neonates are said to be in a state okighbgical
immunodeficiency, because both their innate angtadaimmunological

responses are greatly suppressed. Once born, dsciitmune system
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responds favourably to protein antigens while rotwell to glycoprotein
and polysaccharides. In fact, many of the infectiagquired by neonates
are caused by low virulence organisms like Staplpdous and
Pseudomonas. In neonates, opsonic activity ancbiigy to activate the
complement cascade is very limited. For examplke ntiean level of C3 in a
newborn is approximately 65% of that found in thdula Phagocytic
activity is also greatly impaired in newborns. Thesdue to lower opsonic
activity, as well as diminished up-regulation ofteirgrin and seletin
receptors, which limit the ability of neutrophils tnteract with adhesion
molecules in the endothelium. Their monocytes bre and have a reduced
ATP production, which also limits the newborns pbatic activity.
Although, the number of total lymphocytes is sigrahtly higher than in
adults, the cellular and humoral immunity is alsopaired. Antigen
presenting cells in newborns have a reduced cayatul activate T cells.
Also, T cells of a newborn proliferate poorly andoguce very small
amounts of cytokines like IL-2, IL-4, IL-4, IL-1And IFN-g which limits
their capacity to activate the humoral responsevel as the phagocitic
activity of macrophage B cells develop early intggsn but are not fully

active.

3. Diagnostic immunology
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The specificity of the bond between antibody antigen has made it an
excellent tool in the detection of substances inaaety of diagnostic
techniques. Antibodies specific for a desired awtigan be conjugated with
a radiolabel, fluorescent label, or color-formagmeyme and are used as a
“probe” to detect it. However, the similarity bevesome antigens can lead
to false positives and other errors in such tegtartibodies cross-reacting

with antigens that aren’t exact matches.

4. Evolutionary immunology

Study of the immune in extant and extinct specesapable of giving us a

key understanding of the evolution of species &edmmune system.

A development of complexity of the immune systenm dee seen from
simple phagocytotic protection of single celled amgms. To circulating
antimicrobial peptides in insects to lymphoid organ vertebrates. Of
course, like much of evolutionary observation, éhphysical properties are
often seen form the anthropocentric aspect. It Ishbe recognized that
every organism living today has an immune systesolalely capable of
protecting it from most forms of harm; those orgams that did not adapt
their immune systems to external threats are n@edoraround to be

observed.
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Insects and other arthropods, while not possessung adaptive
immunity, show highly evolved systems of innate iomity, and are
additionally protected from external injury (andpesure to pathogens) by

their chitinous shells.
5. Reproductive immunology

This area of the immunology is devoted to the stuofy
immunological aspects of the reproductive processluding fetus
acceptance. The term has also been used by fertiinics to address
fertility problems, recurrent miscarriages, prematudeliveries, and

dangerous complications such as pre-clampsia.

According to the American Academy of Allergy, Asth, and
Immunology (AAAAI), “an immunologist is a researcécientist who
investigates the immune system, of vertebrateslu@ig the human
Immune system). Immunologists include researcknsists (Ph.D.) who
work in laboratories. Immunologists also includeyghians who, for
example, treat patients with immune system disetd@ome immunologists

are physician-scientists who combine laboratorgaesh with patient care.”
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4.0 CONCLUSION

The definitions of immunology given by differenuthors and
authorities has been clearly summarized by Wikgedakes the subject
matter very simple for you to understand and thecept of histological
examination of the immune system further simpifie Alongside the

different types of immunology carefully describedhwivid examples.

5.0 SUMMARY

6. Immunology is a broad branch of biochemical sciethed covers the

study of all aspects of the immune system in @harsms

7. Histological examination of the immune system alyudelped

physicians to correctly characterize the concepafiunity

8. Types of immunity identified by scientists inclutlee followings

among others
* Classical immunology
* Clinical immunology
* Developmental immunology
* Diagnostic immunology

* Evolutionary immunology
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6.0 TUTOR MARKED ASSIGNMENT

1(a) What is immunology?

(b) Mention and describe any 6 types of immuggplo
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6.0 Tutor Marked Assignment

7.0 Reference

1.0 INTRODUCTION

This unit is a follow up to the foundation unit hwh serves as the main
introductory part. Essentially, unit 2 dwells onwhéhe immune system
develops in which basic issues relating to theiorignd production of
Immunity towards establishing the immune systenme®tssues raised and
discussed in this Unit include clinical observatitm immune system
development and stem cell existence in relationinomune system
development as well as cellular pathways in stelinddéerentiation in the

production of immunity.

2.0 OBJECTIVES

At the end of this Unit, it is expected that youosld understand the

following:

1. Basic issue about immune system origin

2. Be aware of clinical observations associated Wiéh system

3.  Stem cell existence and cellular pathways in itfentiation
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3.0 How the Immune System Develops

Environmental and genetic signals cue cdls as they differentiate into the

many linkages that recognize foreign antigens and fight off invaders

The marvelous array of deftly interacting cellsttdafend the body against
microbial and viral invaders arises from a few prsor cells that first appear
about nine weeks after conception. From that pmmvtard, the cells of the
iImmune system go through a continuously repeatete ayf development
The stem cells on which the immune system deperds keproduce
themselves and give rise to many specialized leea§ cells,
macrophages, killer T cells, helper T cells, inflaatory T cells and others.
The cells of the immune system are not isolate@l smgle space or arrayed
in the form of a single organ; instead they exsspatentially mobile entities,
unattached to other cells. This characteristic o6 only crucial to their
function but also confers a boon on researchers,cah isolate immune cells
in relatively pure form at every stage of diffeiahbn. Experimenters can
thus determine the properties of cells and constreltular ‘family trees,' or

lineages.

The information gained in this way serves biolagiattempting to
understand the general subject of how cells develogh differentiate; a

process mat starts with a fertilized egg and cudteis in the consummate
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complexity of an adult organism. Even more impdriarthe short run, this
knowledge makes possible attempts to treat the rdm®ases that can arise
when immune cells either fail to develop normalythe fetus or deviate

from their proper pattern of growth later in life.
1. Current Understanding Of Immune System

The current understanding of how the various corepts of the
system develop is almost completely at odds witefsethat researchers
held only three decades ago. We now know mat afiune systems derive
from a relatively small number of progenitors iretbone marrow and

thymus.

Before the 1960s, immunologists thought all théed#nt kinds of cells
required for an immune response were producedlyocalymphoid organs
such as the spleen, appendix and lymph nodes, wdmehdistributed
throughout the body. That view began to change assalt of animal

experiments and clinical observations of immunéesgsdysfunction.

Perhaps the earliest of the pivotal events leathnthe modem theories of
immune cell origin were the atomic bomb attacks Hmoshima and

Nagasaki. Many people exposed to radiation relebgdalle explosions eked
10 id 15 days later from internal bleeding or itifet Animal experiments

conducted to explore what happened to such casuia#vealed that whole-
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body radiation kills the generation cells in bldodming and lymphoid organs.
Without the cells responsible for clotting and fighting invaders, the body

dies.

Investigation found that the radiation syndromelddoe treated by
Injecting a small sample of bone marrow cells frangenetically identical
donor. Further work with mice demonstrated thatehtre blood and immune
systems of mice that recovered from radiation vaemeved from donor cells.
A fraction of the newly reconstituted bone marreani these irradiated mice
could in turn save other mice exposed to radiattdearly, the bone marrow
contained cells capable both of differentiatingoiadl blood cell lineages

and of reproducing themselves.

Immunology discovered fairly early that some boraenow cells can
give rise to progeny of several different types ut hot necessarily all.
These parents can be defined by their individuaratteristics and by the
characteristics of their lineage (all cells arisfngm one precursor and said
to belong to a single clone). Worker can grow céitsn many different
clones in culture to provide enough cells at edabesof differentiation for

analysis.

In 1961 Ernest A. McCulloch and James E. Till &f tntario Cancer

Institute in Toronto found evidence that a singdé af the proper kind could
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in theory reconstitute an entire blood system. Timggcted bone marrow
cells into irradiated mice and noticed that manthef mice developed bumps
on their spleens. Each bump contained severahdistell types. The two
workers and their colleagues showed that all thie tea bump were derived
from a single progenitor. They proposed the excseof a relatively rare
population of cells—hematopoietic stem cells—thatild both reproduce

themselves and also generate all blood cell types.

The establishment of the crucial part played byebmarrow cells was
followed by discovery of a similarly essential réte the thymus. Removal
of the thymus from newborn mice compromised the elbpment of
lymphocytes elsewhere in the body. (Lymphocytesvdrge blood cells mat
attack bacteria and other foreign matter.) The e which the thymus

had been removed experienced severe lifelong imdefioeency.

In another important group of experiments, reseaschemoved a lymphoid
organ called the bursa of Fabricius from chicke (tirsa plays the role in
chickens that bone marrow does in humans). Thattpe did riot affect the
same lymphocyte lineages that removal of the thydmisinstead it stopped
production of cells that matured to become plasmits,cwhich secrete

antibodies. The chicks thus exhibited immunodeticyeof a different kind.

3.2 Clinical observation as complimentary evidence
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Clinical observations provided complimentary evidenfor the
existence of two lymphoid lineages- In some infahts thymus developed
normally, but the bone marrow malfunctioned. Thedaldren had
lymphocytes in their peripheral tissues but suffefeom a congenital
deficiency of plasma cells. Conversely, infants berthout a thymus but
with normal bone marrow produced plasma cells ol a small number of

lymphocytes.

Studies of lymphoid malignancies revealed the sdewelopmental
pattern. Many kinds of lymphoid tumors in mice wévand to originate in
the thymus, and early removal of the organ prevkethe development of
lymphomas elsewhere. Meanwhile a different lymphomahickens could
be cured by removing the bursa of Fabricius. Appérethe two lymphoid
organs have distinct, essential functions. Eachmseeesponsible for a

different class of immune cell.

By the late 1960s, it had become clear that stdl® g&e rise to two
broad lineages of lymphocytes (as well as the dilward cells). One consists
of the B cells, which originate in the bone marrow and poedantibodies
that bind to foreign proteins and mark them foacktby other cells. They act
against extracellular pathogens such as bactdmaoiher, the T cells, arises
in the thymus.T cells handle such intracellular pathogens as \éruse

addition to such intracellular parasites as tuldestst T cells also secrete
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molecules known as lymphokines, which direct thevigg of B cells, otheiT

cells and other parts of the immune system.

Once formed, cells of both types migrate to theepl lymph nodes
and intestinal lymphoid tissues. There they canoenier antigen, the
molecular signature of microbial or viral invadessd be called into action.
Lymphocytes continuously circulate through the bedyascular and
lymphatic systems, stopping periodically in the phid organs as they

patrol for foreign antigens.

3.3. Stem cell existence

The existence of the stem cell was first posited961, researchers made
little progress in identifying actual examples utite early 1980s. At that
time, biologists established specific asstysB, T andmyeloid precursors.
They could then isolate bone marrow cells to datenwhich surface
proteins were present or absent on particular elomaing cells, in mice,
scientists in one of the laboratories (Weissrndoishd progenitors foB, T
and other blood cells in only a small fraction loé¢ total population of bone
marrow cells, about one in 2,000. These turnedtoute stem cells. The
search for human stem cells required the same dfirtdchniques that had
proved so useful in mice. In the course of thisdgaloseph M. McCune and

his colleagues at Stanford University developegkcartique that turned out to
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allow the testing of this fraction of bone marromdaymph nodes into a
strain of mice that had no immune system of thein.oThey succeeded in
establishing a functioning human blood-forming amdcell-developing
system. Since doing this work, McCune has foundetiatechnology

company, SyStemix (with which Weissman is assod)ate

Researchers at Systemic injected candidate hureancslls into these
mice and showed that they could thereby reconstihé blood-forming and
Immune systems. Interestingly, the human-derivgdntts cells also proved
vulnerable to infection with the human immunodefiay virus (HIV), which
causes AIDS; the infection depleted the same kihdirgulating human
immune cells are destroyed in AIDS. Stem cellsed#htiate intoB or T
lineages in response to cues (many of them stiknawn) from their
environment. This phenomenon can be seen in theryembwvhere the
distinction betweetB and T celldecomes clear. Early in fetal life, stem cells
migrate from the blood-forming organstte thymus in distinct waves. Once
in the thymus, these cohorts of stem cells divioe @ifferentiate Theygive
rise to successive kinds of T cells that populagelining (epithelium) of the
skin, various orifices (such as the mouth and \&gand the organs that
connect with them (the gastrointestinal tract, ugeand so forth) before
producing the later generations that circulateht lymphoid organs. These

cells can be distinguished by free molecules (kn@snTCRs. for T cell
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receptors) they carry on their surface. Moreovesy tappear to be produced
in a very specific order. Early cells carry recepttioge components consist
of so-called gamma and delta chains, whereasdats carry receptors made
of alpha and beta chains. In mice, for examplefiteewave of cells appears
between (fee 1 3th acid 1 5th day of gestationcamdes a TCR type known
as gamma 3. These cells emigrate to the skin, wteng may serve as
sentinels that recognize and destroy skin cells tlaae become infected,

cancerous or otherwise damaged.

The next wave, which appears between the 15th @tid @ays of
gestation takes up residence mainly in the linihgne reproductive organs in
females and in the epithelium of the tongue in beites. These cells carry TCR
called gamma 4. Subsequently waves emigrate fandkepart to the spleen ( gamma)

andto the lining of the intestinal tract (gamma 5)

The first and second waves of these cells are roabtlein the fetal
thymus. Later in development and throughout lifie, $tem cell that settle in
the thymus differentiate predominantly into T celhrrying alpha-beta

receptors, the so-called helper and killer T cells.

The order in which stem cells generate these wafeprogeny

matches the order in which DNA encoding the diffiér@amma-chain types
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appears on the TCR gene. It appears that the s&ds ‘cead out’ a

development program that depends on the age afiheal.

Early development of the B cell system proceedsgakimilar but less
complex lines. The stem cell proven that enteBtloell path do so in the same
tissues in which other while blood and red bloolis Gre formed. Early in
embryonic life they are produced in the liver, laiger the stem cells migrate to

the bone marrow,

B cell generated in the fetal liver may differ frdnose formed later in the
bone marrow. The earlier cells make antibodiescnrabind to a wide variety of
antigens but with relatively low affinity. The lateells, in contrast, carry
antibodies that react much mateongly but with only one or two antigens. It
appears that the mechanisms tBatells employ to produce a full range of
antibodies come into play only near the time othbiEachB cell in the
mature organism bears on its surface a uniqueaatiteceptor complex that

It uses to recognize a specific antigen.

Scientists have learned a great deal about howvastem cells can
produce this enormous diversity d@ cells. To trace the process,
experimenters have learned to recognize the maifigcsuproteins that cells
express as they divide and progress alon@tkell path of differentiation.

These molecular markers are a primary means byhwdedls interact with
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nearby cells; consequentlyBalymphocyte will display different proteins as

it matures.

The signals that tell a stem cell daughter to ehiB cell pathway instead of
becoming a red cell or another type of white cpfpesar to come primarily
from other cells in the immediate environment. Whe late Cheryl
Whitlock and Owen N. Witte of the University of @atnia at Los Angeles
first discovered how to raisB cells in long-term cultures, they found that
stromal cells (large, veil-like cells in the boneamow) are essential for
culturing B cells. The stromal cells interact wiilogenitor B (pro-B) cells
by means of surface molecules. They also make Igopubtein factors (such
as interleukin-7) that bind to receptors onphe-B and pre-5 cells, signaling

them to divide and to differentiate.

As they divide pro-B cells begin the process that will culminate in the
expression of a unique antibody receptor compl@st,Rhey rearrange the
gene fragments that encode the light and heavy moglabulin chains that
will form an antibody molecule. These genes arav@gttranscribed as soon
as rearrangement is complete. The order in whiengme fragments begin
functioning is crucial to the later development tbé B cell. The genes
directing the construction of the heavy chainstgpecally shuffled and begin
functioning first. (The ceils are then callph-B cells,) The genes encoding

light chains are then rearranged and also stadtiumng. These cells also
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commence to produce two additional proteins, imnglotmulin’s alpha and
beta (Ig alpha and beta), which span cell membrafes immunoglobulin
heavy chains and their light-chain partners astoevéh Ig alpha and Ig beta
to form an antigen receptor unit that migratehdeil surface. There it can
interact with antigens and send appropriate sigmat& to the nucleus. Cells
that reach this stage of differentiation are caBedells, and they enter the

bloodstream en route to peripheral tissues.

The B cell population its respond to an extremely diveraege of
antigens. To guide the manufacture of its light aedvy chains, each cell
selects one combination of its gene fragments éuhare than a million
possibilities. In addition, each developing celh caodify the gene-splicing
sites to further increase variability in the DNAceding the antigen-binding
site. And—as if that diversity were still insufiesit—the cell can even insert
new nucleotide sequences at the joint between fatgras it splices them

together.

The cell rewrites its genetic code by means ofaheyme terminal
deoxynucleotide transferase. This enzyme is expdessly in the nucleus of
pro-5 cells, where heavy-chain gene rearrangemesally occurs.
Sometimes, however, light-chain genes are reardanfyest. Hiromi
Kubagawa of the University of Alabama at Birminghanctovered this fact

when he infected earylineage cells with Epstein-Barr virus, creatingeH-s
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reproducing culture whose immunoglobulin genes vimreen at that early
stage of development He found pre-5" cells that ieadranged only their
light chains; their joints contained new sequencagjgesting feat the

shuffling had taken place before transferase agtstepped.

Thus far we have been discussigell development as if it were a path that
all cells follow to the end once they have embared. That is not the case.
When Dennis GOsmond, now at McGill University, counted the numbk
cells in the pro-B, pre-B anfl stages in mouse bone marrow, he found that

half or more of the cells apparently die during ppne-B stage.

Researchers theorize that pre-B cells die unlessréceive a survival
signal—some kind of molecular messenger from neaddg. The 'kiss of
life’ may bind to a receptor that appears on thdase of late-stage pre-B
cells. This receptor is composed of heavy chaineegavith a so-called
surrogate light-chain complex. The surrogate corplalike the antigen
receptors produced by matiBeells, is encoded by genes that do not require

rearrangement for their expression.

When Daisuke Kitamura and his colleagues at theveysity of
Cologne prevented the expression of these receptwyg found that the
production ofB cells fell to less than a tenth its normal levdleB cells that

survived may have been ones that rearranged tghairdhain genes early,
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thus producing nonsurrogate light chains at anyearlough stage to

substitute for the missing receptor.

Other B cells die, not because they fail to receive a hkiséfe but rather
because they carry a kiss of death. Some rearrargerof aB cell's gene
fragments will make antibodies that react to fit&ly's own cells. Lineages

carrying these antibodies must be eliminated.

The negative selection process begins when newhyddB cells first
interact with their environment Self-reactive celigpidly encounter large
guantities of antigen to which their antibodies t@md—molecules on the
surfaces of their neighbors. If the binding is stycenough, the antibody
receptor will transmit signals into the cell, caugsit to commit suicide in
what is known as apoptosis (programmed cell deatimhatureB cells that
do not react strongly to self-antigen survive andture. Later they can
respond to antigenic stimulation from oneself moles. This general
principle was first demonstrated in chicks and nmreated with antibodies
against the IgM receptors on immatuBecells: early administration of
receptor antibodies abortd®lcell development, whereas doses given later
stimulated it. Early in development the signal srarited by the antibody
receptors induces apoptosis by activating enzyhmegscteave nuclear DNA.

Virtually no reactiveB cells survive to maturity.
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Clones that survive the selection process can migi@a the peripheral
lymphoid tissues. There they finally begin the wogkphase of their life
history. Eventually, after being stimulated by batitigens and B cells, they
may return to the bone marrow to undertake theial fimaturation into

antibody-secreting plasma cells.

The T cell pathway is somewhat more complex. Stefis ¢n the
thymus that commit to this line of development neagntually mature into

several different kinds of T cells, including helpad killer.

DevelopingT cells pass through a number of winnowing pointse Tikst
challenge tests their ability to recognize antigeresented to them by other
cells—an essential attribute for a functioning inmawcell. Molecules of the
so-called major histocompatibility complex (MHC)lthdragments of protein
antigens for presentation i cells. MHC molecules are divided into two
types, class | and class H, Developing cells in timgmus scan their
environment to determine whether they recognizesatiyMHC, If they can,

they survive; if not, they die.

Once the maturing cells have survived this challenge, the next step i
the destruction of the cells bearing receptors ribatt too well to the body's
own tissues (just as wit cells). Ultimately, only T cells with receptors tha

can recognize both foreign peptides and self-MH@/ige to leave the
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thymus and take up residence throughout the badyuinologists trying to
fill in the details of this picture started by tirag the line of descent from
stem cell to emigrant T cell. To test lineage refahips, researchers used
stem cells and progeny bearing cleanly realizaldekers. They introduced
these cells, at different stages of maturatiomw, ieé thymuses of mice whose
cells bore no such markers. By waiting hours oisd#ye worker could then

determine what offspring their transplants had sy

Thymus cells transplanted at the earlier stage efeldpment express
virtually none of the common T cell markers on tiseirface: little or no CD4

co-receptor protein and neither T cell receptarcétires nor the co-receptor
protein known as CD8. (CD8 binds to class | MHCeveas CD4 binds to
class Il MHC.) A day after transplantation, howeuwbese large cells have
reproduced themselves and given rise to other zlie bearing CD8 but no
CD4 of TCR (human thymic cells at a similar stafjel@elopment express
CD4 but not CD8 or TCR.) these cells in turn divid® progeny that bear
CD4, CD8 and small amounts of TCR. This stageaditst at which a T cell

progenitor expresses TCR on its surface. The esjoref CD4 at these
early stages of development may explain why HIWmsolently depletes T

cells: the virus is believed to bind to CD4 molesy and so it may attack
these primitive thymic progenitors, cutting off teetire line of their progeny

while the cell are changing their surface protethsy are also rearranging
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their genes to produce T cell receptor. In the raptm example, assembly
and surface expression of TCR chain begin at aorbehe stage at which
they express both CD4 and CD8. These progenit@gaised to interact
with MHC-bearing cells in the thymus: Most of thdseding to class | MHC

molecules will become killer cells. Those bindigctass Il develop mainly
into helper cells, although some also become ki&dls. (Cells that do not

bind to any MHC shrink and die.)

Once they have become committed to one path, taemediate-stage
cells shut down production of the receptor typg thid no longer use (either
CD8 or CD4) and express addition TCR. They alsouiaeqhoming
receptors’ that enable them to leave the bloodstr@ad enter the peripheral
lymphoid organs. Finally, they leave the thymust Blb potential T cell, of
course, complete this line of development. Somesrguinegative selection,
in which signals from other cells (those carryietf-antigen attached to self-
MHC) cause apoptosis. Cells in the thymus can stgafip trigger positive or
negative selection depending on the layer of pimnifietal tissue from which
they derived: endoderm, mesoderm or ectoderm. Tgmus is unusual

among lymphoid organs in containing cells frontlalee sources.

3.4 The cellular pathways:

31



Cells derived when particular stem cells begarediffitiating into B or T
cells come together in the peripheral tissues. Mbshe remaining stages
in the development of both kind of cells take plalceir receptors have

been triggered by encounter with a foreign subgtanc

Inside the lymphoid organs, T and B cells that hanatured but are
not yet engaged in immune responses reside in a&epdomains. After
immune cells have been stimulated by antigens, dbks that will
participate in antibody production undergo a comet of interactions to

form new structures called germinal centers.

Three kinds of cells congregate in these germirmalters at the
interface between T and B domain: activated helpeells, B cells and
dendritic cells, a type of antigen-presenting c&lfew cells proliferate in
response to the antigens; soon their clones makaagp of the population

in the centers.

While they are proliferating the B cell also di#atiates and mutate.
They modify the DNA in their gene fragments to makgibodies similar
to those that bound to the antigen in question (mrhaps even more
reactive). Some of the B cells interact with helparells and then give rise
to plasma cells. These are several kinds of plasits; the antibodies they

generate all react to the same antigen but eliiégrdnt immune responses.
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Yet other B cells become so-called memory celleyTwill not participate
iImmediately in the body’s defense but rather waliain a molecular record

of past invaders to speed response in the future.

Although the immune response is orchestrated withén lymphoid
organs, lymphocytes do not merely reside thereingatio be called on.
James L. Gowans and his colleagues at the Unieisit Oxford
demonstrated in 1959 that immune cells circulatevdsen the bloodstream
and the lymphoid organs. This traffic provides epchphoid organ with a
rapid sampling of all lymphocytes that might possesceptors for the

foreign antigens currently attracting the bodytsrdion.

Circulating lymphocytes pass into lymphoid orgagsneans of a
specialized kind of blood vessel, the HEV (highathdlial venule, named
for the blocky surface of its walls). Only lymphoey can pass through the
HEVs; they express homing receptors that match teouaceptors on the
HEV walls. These receptors appear to come in twetes: one that homes
in on lymph nodes, and another that matches sunfiatecules expressed by

lymphoid organs in the gastrointestinal tract.

When T andB cells are activated, they quickly stop producingirth
usual homing receptor molecules and revert to nga&mother interim mat

they produced early in their development. This ik binds to the
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vascular-cell adhesion molecule, VCAM-1 (which agmpears on stromal
cells in the bone marrow and epithelial cells iadide thymus). As a result,
these activated cells no longer pass through this wlanormal lymphoid-

organ HEVs when they are released into the bloeastr Instead they home
in on blood vessels serving infected, inflamed antigen-bearing tissues.
The vessels in these inflamed areas may expressWICAvhereas those
elsewhere do not. By returning to a cellular exqoes of their early

development, the cells fulfill their ultimate task.

This simplified version of how the cells of the imne system develop
and mature does not tell the entire story. For @@nma number of other
adhesion molecules are involved in interactionsvéen lymphocytes and
endothelial or stromal cells. Indeed, researchdrbave much to learn about
the means by which cells receive the signals thase them to undergo
programmed death, to continue living or to grow aliflerentiate. One
Important question is how stem cells choose betwaoducing themselves
and producing offspring committed to a particulaedge. This problem is of
more than theoretical significance: if stem cetts/e useful in the restoration
of congenital or acquired immunodeficiencies, meththat increase their
numbers either in the test tube or in the body mighrove patients' chances

for recovery. Stem cells are also an obvious tdayejene therapy that might
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either replace a defective gene or endow the geligleny with abilities to

survive in a hostile environment, such as a bodyica HIV.

In addition, as researchers understand more fadlypath from stem
cell to activated-B oiff cells, they will make headway in treating diseases
where that development goes dangerously wrong.ritaleor acquired
defects in genes essential for the growth and rdifteation of
iImmunocompetent cells can result in immunodefigierar lymphoid

malignancies.

Inherited defects can block developmerit Tor B cells at many
different stages, depending on the product of theegin question. For
example, a defect in the gene encoding the enzytaeroaine deaminase
(ADA) allows toxic metabolic products to accumulatethe bone marrow
and thymus, preventing lymphocytes from synthegiZdNA and dividing.
Affected infants lackl andB cells and so cannot defend themselves against
infection (hence the term 'severe combined immuir@elecy disease,l or
SCID). Armed with an understanding of the funcidrstem cells, Robert A.
Good and his colleagues at the University of MiotesViedical School
showed that SCID could be cured by transplantingpadible bone marrow
from a healthy sibling, but unfortunately most @ats lack a suitable donor.

Michael R. Blaese and his coworkers at the Natidbahcer Institute,
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however, have succeeded in inserting a functio@A ene in deficient

lymphocytes, thereby repairing one essential liftbh® immune system.

During the first half of this year, researchers niduthe genes
responsible for three other immunodeficiency digsa®\ll are on the X
chromosome and affect boys (who have only one adpjhe X's genetic
information), but each aborts immune system devedop at a different
level. One, a mutation in a protein kinase generdgsg for transmitting
signals for pre-5 cell growth and development, eaua gross deficit of
matureB cells and the antibodies they secrete. Anothdredonsequence of
a mutation in the gene for one of the three chéiat make up the receptor
for the growth factor interleukin-2. This defecbetages the development of
helper T cells, which in turn preveri2gscells from maturing into plasma cells.
The third disorder to be elucidated is caused Ogfact in the gene encoding
the surface molecules through whitlandB cells interact Boys in whom the
CD40 molecule or its receptor is malformed prodanly IgM antibodies;
they lack the signal that causBscells to divide and make high-affinity

antibodies of other classes.

Identification of these genes could lead to gemdaoement therapy
for these deficiencies. These three gene defecte wiscovered almost
simultaneously by several groups of investigatdtepwledge of the

development and function of the immune system naae lieached a level at
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which the genetic basis for other immune disordesy soon also be found.
Consequently, clinical benefits may accrue rapidithough lymphoid
malignancies also result from genetic malfunctidingy differ in a number of
ways from immunodeficiency diseases. Most importaralignancy requires
the accumulation of several mutations, all of whielror excessive cell
growth and survival at the expense of maturatiahraatural death. Complex
multicellular organisms have evolved many checkgofar monitoring cell
growth and survival. To overcome this complex dsénthe malignant
sequence of mutations must usually begin in tha stls or their immediate
clonal progeny to permit the gradual evolution ahalignant clone of cells
that can elude all these monitoring mechanismsnBva person inherits a
gene predisposing to malignancy, the affected eellst acquire additional
mutations during their life span to become malign@nce one mutation
favoring growth or survival occurs, however, thel®thcrease that a cell will
persist long enough to suffer another growth-pramgomutation and thus a
third or fourth. This principle can be seen in ifllar lymphoma, an
extremely slow growing malignancy Bfcells in germinal centers. Virtually
all follicular lymphomas contain a translocationaofiene calletcl-2, which
produces a messenger that prevents programmediesh. The gene is
usually turned off when an activated™ cell fails recognize antigen or

reshuffles its mini-genes so as to make self-nregcantibodies, but in
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follicular lymphoma cells it resides next to anilotly gene that is turned on

in B cells and so remains active indefinitely.

The multistep path to malignancy may also explainyvi3 cell
malignancies are four times as common as thosévingol cells. Stem cells
in the bone marrow produd® cells throughout life (and thus have many
years over which to accumulate mutations). Mbstells, in contrast, are
produced early in life; the thymus withers as peogge, leaving fewer

thymic stem cells and their offspring to mutate.

Once developmental and molecular biologists unréhelsignals that
guide stem cells and their intricate lines of progehey may be able to
manipulate the development of the immune system frathout. Clinicians
will then be able to strengthen responses to ingadatigate the damage that
immune cells do to self, and correct or elimindiese cell lines that would

otherwise propagate families of malignancy.

4.0 CONCLUSION

The study of how immune system develops throw aliglg on its origin
and manifestations in terms of activities and fioms. For you and other
learners to be able to have a good grasp of thussepthere is absolute need
for a thorough understanding of this Unit as itegiva very good and solid

foundation to study of immunology.
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SUMMARY

Immune system develop using environmental and gesgmal cue
cells as they differentiate into the many lineagleat recognize

foreign antigens and fight off invaders

All immune systems derived from a relatively smalimber of

rogenitors in the bone marrow and thymus.

Clinical Observations provided complementary evagerfor the

existence of lymphoid lineages.

Existence of the stem cell was first posited in1,9@searchers made
little progress in identifying actual example untile early 1980s
when Biologists established specific assays forTBand myeloid

precursors.

Cellular pathways often diverge when particulanrsteells began
differentiating into B or T cells come together the peripheral

tissues.

The study of immune system to the development négeplacement

therapy to correct deficiencies

TUTOR MARKED ASSIGNMENT
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Briefly describe how the immune system develops

REFERENCE
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1.0 INTRODUCTION

This wunit directly follows the processes of immursystem

development so as to ease your understanding dfsyetem and processes
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are involved in the production of immunity whichassentially about body

defence against infection diseases.

This Unit also displays in graphical form the immeusystem, to
enhance better comprehension by learners as tharigicanalysis is well
annotated to facilitate a free flow of communicatioetween learners and

facilitators during tutorial sessions.

8. OBJECTIVES

It is expected that at the end of this unit youwsthidoe able to do the

followings:

1. Confidently review the simplified immune systertprially.

2.  Convincingly display the immune system in graphfcam

3.  Understand the basic principles of the body defaysegem.

3.0 MAIN CONTENTS

3.1 OVERVIEW OF THE IMMUNE SYSTEM

We are constantly being exposed to infectious tgemd yet, in most

cases, we are able to resist these infections. dur immune system that
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enables us to resist infections. The immune sysgeromposed of two
major subdivisions, the innate or non-specific ilmusystem and the
adaptive or specific immune system. The innate imensystem is our first
line of defence against invading organism while #maptive immune
system acts as a second line of defence and dmasfprotection against
re-exposure to the same pathogen. Each of the msajmtivisions of the
Immune system has both cellular and humoral comusney which they
carry out their protective function. In additiomet immune system have
distinct functions. There is interplay between thes/stems also has
anatomical features that function as barriers fiection. Although these two
arms of the immune system have distinct functiahgre is interplay
between these systems (i.e., components of theteinimamune system

influence the adaptive immune system and vice Yersa

Although the innate and adaptive immune systemB hoiction to protect
against invading organisms, they differ in a numbleways. The adaptive
immune systems requires some time to react to @ading organism,
whereas the innate immune system includes defé¢hagdor the most part,
are constitutive ly present and ready to be mddaligpon infection. Second,
the adaptive immune system is antigen specific r@aats only with the
organism that induced the response. In contrast,rthate system is not

antigen specific and reacts equally well to a wgrgdf organisms, finally,
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the adaptive immune system demonstrates immuna@lbgiemory. It
‘remembers” that it has encountered an invadinguoiggn and reacts more
rapidly on subsequent exposure to the organisncoimtrast, the innate

iImmune system does not demonstrate immunologicaiong

All cells of the immune system have their originthe bone marrow and
they include myeloid (neutrophils, basophils, epsphils, macrophages
and dendritic cell) and lymphoid (B lymphocyte,ymiphocyte and Natural
Killer) cells, which differentiate along distinctafhway. The myeloid
progenitor (stem) cell in the bone marrow gives ri® crythrocytes,
platelets, neutrophils, neutrophis, monocytes/matages and dendritic
cells whereas the lymphoid progenitor (stem) celeg rise to the NK, T
cells and B cells. For T cell development the preauT cells must migrate
to the thymus where they undergo differentiatido o distinct types of T
cells. The CD8+ pre-cytotoxic T cell. Two types ©fhelp cells are
produced in the thymus the THI cells, which help D8+ pre-cytotoxic
cells to differentiate into cytotoxic T cells, afidH2 cells, which help B

cells, differentiate into plasma cells, which sée@ntibodies.

The main function of the immune system is self/seff-
discrimination. This ability to distinguish betweeelf and non-self in
necessary to protect the organism from invadingquns and to eliminate

modified or altered cells (e.g. malignant cells)nc® pathogens may
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replicate intracellularly (viruses and some baateand parasites) or
extracellularly (most bacteria, fungi and paragitifferent components of
the immune system have evolved to protect agdmestet different types of
pathogens. It is important to remember that infectvith an organism does
not necessarily mean diseases, since the immutensys most cases will
be able to eliminate the infection before diseammEsirs. Diseases occurs
only when the bolus of infection is high, when theilence of the invading
organism is great or when immunity is compromigéthough the immune
system, for the most part, has beneficial effeittere can be detrimental
effects as well. During inflammation, which is tresponse to an invading
organism, there may be local discomfort and caldhtdamage to healthy
tissue as a result of the toxic produced by theumaresponse. In addition,
In some cases the immune response can be diremtedt self tissues

resulting in autoimmune disease.

3.2 The immune system-A simplified view

Origin Maturatio Product Effect on

Thymus
ki Killer T Cells
Viruses

Bacteria
Pollen

Lymph'.-kines

Tumour Cells

Activated
Macrophages

Parasites
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The three main types of white blood cells that ipgndte in the
immune response originate in the bone marrow. T eeigrate into
the thymus, to play a role in cellular immunity hdeating fungi and
viruses and helping to reject tumours and transpthrorgans.
Phagocytes or scavengers can ingest and destragiars/such as the
pneumococcus, the commonest cause of bacterialmprea. The
third type cell is the B cell. When B cell interaatith antigens such
as bacteria, the cells multiply and produce anig®dvhich either
attack the microbes or react with organisms so they are more

easily killed by phagocytes.

The first step in developing an allergy is expodoreertain pollens,
dusts, moulds and so on. The body reacts or becalleggic to these
substances (allergens) by producing a protein knasvigE antibody,
which is responsible for IgE antibodies can attaxlthe surface of
two types of cells: the basophils, found in theobloand the mast
cells, found in tissues such the respiratory trdet, gastrointestinal

tract and the skin.

<«——IgE Antibody
46

A

Mast Cell



3. Each IgE antibody will react only with the allergagainst which it
was made. This means that an IgE antibody madestgairagweed
pollen will only react with another grain of ragwdegollen; hence the
importance of knowing exactly to which substance o allergic.
When an allergic person again encounters thisgaterit binds to the
IgE antibodies that are already on the surfacehefrhast cells or

basophils, and histamine is released.

(Diagrams adapted from P. Young: Asthma and allergen optimistic

future, US National Institute of Heajth

<+—Ragweed

<+— gk

Histamine

1. Body’s defence system
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Immunology, the science which deals with the bodgsponse to antigenic
challenge, is a highly complex study and one wisdtifficult to express in
“layman’s language.” It is a very broad scientdiscipline whose relevance
to most fields of medicine has become apparent enent years.
Immunological mechanisms are involved in the prim@cof body against
infectious agent but periodically they can alsoseabut periodically they
can also cause damage. This can be the case inisfenoBous diseases,
such as leprosy, and occurs in the so-called “aatoune” disorders where

the body’s reactions harm itself.

Immunology tests are now routinely used in a cAhpractice, and in
some cases they are indispensable for the diagobsisseases and the
subsequent care of patients. Unfortunately, howeveutine use has
become so extensive those tests are often usedassaily, resulting in

unjustified cost to the health system.

In the past, antisera used for the diagnosis ag@mtment of some
conflictions could only be obtained by immunizingraals. The quality of
the antiserum obtained as a result depended ngpbaorthe antigen injection
but on the way in which each individual animal @sgped to the antigen,
which could not be predicted. In any case, thebadl response produced
by each animal was very heterogeneous and wastaliragainst many

different sites on the antigen. This heterogenditsintibody response made
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studies very difficult, such as those aiming at tdentification of the
antigenic determinant on parasites capable of &ion a protective
immune response. The introduction of new technoldgyeloped only a
few years ago and called hybridoma technology (dised in this issue by
Professor Capron), is revolutionising immunologyisTtechnique permits
the production of antibodieig vitro againstsingle antigenic determinants
(epitopes). It is now possible to obtain unlimitegnounts of very
homogeneous and specific antibodies. Already weusansuch antibodies

for diagnosis and possible in future they will Ised to treat patients.

Allergic diseases are recognised to be a seriob$icpbealth problem in
industrialised countries. The most common of theseditions, such as
hayfever are not life-threatening but suffererstgdhe doctor very often
and, as a consequence, the economic burden isbdoghfor the patient anf
for the community. The social-economic importantallergic diseases in
developing countries has not yet been fully asskdsat epidemiological
studies undertaken in some selected countries seershow a high

prevalence of these conditions.
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Developing countries are steadily becoming morealbkg of undertaking
research on problems of local importance, in otdeachieve self reliance.
In research on their disease problems they nedenagled scientists in all
fields of medicine. As a contribution to this goAIHO has set up a training
programme in immunology, which is described in detathis issue At the

moment of birth, we all arrived equipped with aurat defence system
against disease. Immunology is the science whieksst strengthen and

safeguard that defence system.

4.0 CONCLUSION

At this point, | am convinced that you would bagotten a good
grasp of what immune system is all about afterystugall three units of
this module particularly, this Unit 3 that dealgwoverview of the immune
system, simplified view of the system and body deéesystem. All of
which will provide a good template for a better erslanding of subsequent

modules and Units of the course.

5.0 SUMMARY
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6.0

7.0

We are constantly being exposed to infectious agamd yet, in most

cases, we are able to resist these infections.

Although the innate and adaptive immune systemh haiction to
protect the body against invading organisms, yiémdin a number of

ways.

All cells of the immune system have their origintire bone marrow
and they include myeloid (neutrophils, macrophageasophis,
eosinpophils and dendritic cells) and lymphoid (Bnphocyte, T

lymphocyte and natural killer) cells.

The main function of immune system is body defemgekilling off

invaders as they emerge before wrecking any havoc.

TUTOR MARKED ASSIGNMENT

Present a simplified view of the body defenceeyst

REFERENCES

Patterson. R and Ricketti. A. J (1983) Allergy VWorHealth

Organization magazine November 1983. WHO: Geneva.

51



Torrigiani. G. (1983) Immunology: The body’'s defensystem.
World Health Organization magazine November 1983HQYV

Geneva.

www.google.com

52



MODULE 2 (IMMUNOLOGY 1)

Unit 1 Definition and types of immunity
Unit 2 Components of immune system
Unit 3 Immunity and infectious diseases
Unit 4 Tests in clinical immunology

Unit 1 Definition and types of immunity
CONTENTS

1. Introduction

2. Objectives

3. Main contents

1. Definitions of immunity

2.  Types of immunity

Conclusion

Summary

53



6.

7.

Tutor Marked Assignment

References

54



1. INTRODUCTION

This module is aimed at building on the foundatiayed in
module 1 with regards to the origin and developnwnthe
Immune system as this unit in particular continudere the

previous one (unit 3 module 1) ends.
2. OBJECTIVES

This unit aims specifically at presenting to yowd asthers, the basic
types of immunity as they occur in immunology alsidg a good

description of each for your vivid understanding.

3.  MAIN CONTENTS
1. Definition of immunity

According to Brooker (2000) immunity is the stafe@sistance to infection
conferred by the presence of antibodies capabt®mwibining with antigens
or antitoxins which neutralize toxins or other cheats. Immunity is the
body’s ability to resist infection, afforded by tipgesence of circulating

antibodies and white blood cells.

2.  Types of immunity
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There are different types. Immunity may be catempaliinto 1. Natural
which may be inborn (passive) or acquired by trendfer of maternal
antibodies via the placenta to the unborn babyodid be transfer through
the breast milk too. Naturally acquired active inmity occurs when a
person produces his own antibodies in responseatmdp the disease or
being exposed to the micro — organism over timér&ficial is yet another

type of immunity acquired by immunization; it caa &ctive or passive.

1.  Active immunitythat arises when the bodies own cells produce and

remains able to produce, appropriate antibodidsvimig an attack of a

disease of ddberate stimulation.

(i)  Cell — mediated immunityhich results from the action of T —

lymphocytes.

(i) Humoral immunityresulting from the activity of phagocytic cells,

natural killer cells and other mechanisms preseifibtre exposure to

infection.

(iv) Passive immunitys a temporary immunity that may be provided by

injecting ready — made antibodies in antiserum riakem another

person or an animal already immune. Babies haveymasnmunity,
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conferred by antibodies from the maternal blood eoldstrums, to

common diseases for several weeks after birth.
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2.

CONCLUSION

This unit appear too simple but it is quite cructal acquire this
knowledge of properly defining what immunity stanfits and the
different types of it that exist according to th&assifications put

forward by different authorities.

SUMMARY

There are different definition of immunity menti@heén the unit
which includes those of brooker (2000), martin @0&nd another

general opinion.

According to brooker (2000)immunity can be classifito two (1)

Natural and (2) Artifitial

According to martin (2003) immunity can be of fozategories (1)

cell — mediated (2)active (3)humoral (4) passive

TUTOR MARKED ASSIGNMENT

Define and classify immunity as much as you can

REFERENCES
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1. INTRODUCTION

Just as most other matters have components sotl@sanmune
system has its own components. These componentsidenc
macrophages, lymphocytes, Antigen receptors, Antigeesenting
cells, monocytes etc. The components play compliamgrroles and
help the body to build the defense system discusseghit 3 of
module 1. These different components also playedfit roles as
assigned to them by nature in addition to the con®itary roles

they involve in with other components.
2. OBJECTIVES

The objective of this unit, is to facilitate younderstanding of
the existence as well as the roles of the diffecemponents of

the immune system in defending the body againsttidns

3.  MAIN CONTENTS
1. Macrophages

White blood cells are the mainstay of the immunsteay. Some white
blood cells, known as macrophages, play a fundatioimnate immunity

by surrounding, ingesting, and destroying invadbagteria and other
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foreign organisms in a process called phagocyt@gerally, “ cell

eating”), which is part of the inflammatory reactidMacrophages also
play an important role in adaptive immunity in tretach to invading
antigens and deliver them to be destroyed by otbemponents of the

adaptive immune system.

2. Lymphocytes

Lymphocytes are specialized white blood cells whésection is to
identify and destroy invading antigens. All Lympltes begin as “stem
cells” in the bone marrow, the soft tissue thds flhost bone cavities, but
they mature in two different places. Some lymphesymature in the
bone marrow and are called B lymphocytes. B Lymptes; or B cells,
make antibodies, which circulate through the bland other body fluids,
binding to antigens and helping to destroy themhumoral immune

responses.

Other lymphocytes, called T lymphocyte, or Cellgtune in the thymus,
a small glandular organ located behind the breastbdSome T
lymphocytes, called cytotoxic (cell - poisoning) laller T lymphocytes,
generate cell — mediated immune response, destrayetls that have

specific antigens on their surface that are recsghby the killer T cells.
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Helper T lymphocytes, a second kind of T lymphogcytgulates the
immune system by controlling the strength and qualf all immune

responses.

Most contact between antigens and lymphocytes edouthe lymphoid
organs — the lymphnodes, spleen, and tonsils, #sas/epecialized areas
of the intestine and lungs (see lymphatic systavtgture lymphocytes
constantly travel through the blood to the lymphordans and then back
to the blood again. This recirculation ensures thia¢ body is

continuously monitored for invading substances.

3. Antigen Receptors

One of the characteristics of adaptive immunitythat it is specific.

Each response is tailored to a specific type o&dmvg antigen. Each
lymphocytes, as it matures, makes an antigen receptthat is, a
specific structure on this surface that can bintth\& matching structure
on the antigen like a lock and key. Although lympytes can make
billions of different kinds of antigen receptorsacé individual

lymphocyte makes only one kind. When an antigeersrihe body, it

activiates only the lymphocytes whose receptorsmap with it.

4.  Antigen — Presenting Cells
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When an antigen enters body cell, certain trangpotecules within
the cell attach themselves to the antigen and pgmahst to the
surface of the cell, where they “present” the aartigto T
lymphocytes. These transport molecules are madea lgyoup of
genes called the major histocompatibility compl&#C) and are
therefore known as MHC molecules. Some MHC molexsutalled

class I MHC molecules, present antigens to helpeells.

3.5 Monocytes

Maternal factor also play a role in the body’s inmauresponse. At birth
most of the immunoglobulin is present in materiggh.| Because IgM, IgD,
IgE and IgA don't cross the placenta, they are alnumdetectable at birth.
Although some IgA is provided in breast milk. Thegs#ssively acquired
antibodies can protect the newborn up to 18 moriibs their response is
usually short — live and of low affinity these daidies can also produce a
negative response. If a child is exposed to théaay for a particular
antigen before being exposed to the antigen itseli the child will produce

a dampened response. Passively acquired materiab@dnascan suppress

the antibody response to active immunization. Sirlyilthe response of T —
cells to vaccination differs in children comparedatults, and vaccines that
induce Th1l responses in adults do not readilytdhe@se same responses in

neonates. By 6 — 9 months after birth, a child’snume system begins to
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respond more strongly to glycoproteins. Not un#l-124 months of age is
there a marked improvement in the body’s respomgelyysaccharides. This
can be the reason for the specific time frames doim vaccination

schedules.

During adolescence the human body undergoes sevehgsical,
physiological and immunological changes. These gearare started and
mediated by different HormonePepending on the sex either testosterone
or 17 — 3 — oestradiol, act on male and female dsodiccordingly, start
acting at ages of 12 and 10 years. There is eval#drat these steroids act
directly not only on the primary and secondary séxaharacteristics, but
also have an effect on the development and regulatf the immune
system. There is an increased risk in developingpimmunity for
pubescent and post pubescent females and malese Thealso some
evidence that cell surface receptors on B cellsmmadrophages may detect
sex hormones in the system. The female sex horrh@ne 3 — oestradiol
has been shown to regulate the level of immuno&gresponse. Similarly,
some male androgenge testosterone, seem to suppress the strgzsnss
to infection; but other androgens like DHEA have tipposite effect, as it
increases the immune response instead of downnglaii As in females,
the effect, the male sex hormones seem to have cootteol of the immune

system during puberty and the time right after tharfully developed
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adults. Other than hormonal changes physical clsaligethe involution of
the thymus during puberty will also affect the inmological response of

the subject of patient.

4. CONCLUSION

The ability of the immune system to mount a respots diseases is
dependent on many complex interactions betweercongponents of the
immune system and the antigens on the invadingogatis or disease —

causing agents.

5. SUMMARY

The main components of the immune system are mhagys,

lymphocytes, antigen receptors, antigen presewtiilg and monocytes.

6. TUTOR MARKED ASSIGNMENT

List the main components of the immune system anté Wwriefly on each

of them.

1. REFERENCES

Wikipedia, the free encyclopedia in Encerta
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www.google.com
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UNIT 3 Immunity and infectious diseases
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1. Introduction

This unit discusses immunity and infectious disedseexposing you to the

principle and mechanism through which the body esysfights against
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infections. This unit serves as a follow up to twevious unit 2 by
explaining how the components of the immune sydight diseases in the
body via immunity actions including phagocytosisnr- specific immunity
actions such as the activities of killer cells itwnog both intraocular killing

and nitric oxide — dependent Killing.
2. OBJECTIVES

You are expected to have achieved the followinthatend of studying this

unit:

1. Understand the principles and mechanism wherebybtuy fights

infections

2.  Also understand the functions of killer cells arhgocytes as well as

the processes of phagocytosis and intracellulandil

3.0 MAIN CONTENTS

The elements of the innate (non-specific) immunstey include anatomical
barriers, secretary molecules and cellular comptsneAmong the mechanical
anatomical barriers are the skin and internal efighlayers, the movement of the
intestines and the oscillation of broncho-pulmonaiiia. Associated with these

protective surfaces are chemical and biologaggnts.
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A. Anatomical barriers to infections

1. Mechanical factors

The epithelial surfaces form a physical barriet thaery impermeable to most
infectious agents. Thus, the skin acts as ourlifistof defense against invading
organisms. The desquamation of skin epitheliumladdos remove bacteria and
other infectious agents that have adhered to tileeéipl surfaces. Movement
due to cilia or peristalsis helps to keep air pgassand the gastrointestinal tract
free from microorganisms. The flushing action @frseand saliva helps prevent
infection of the eyes and mouth. The trapping aftécmucus that lines the
respiratory and gastrointestinal tract helps ptotBe lungs and digestive

systems from infection.

2. Chemical factors

Fatty acids in sweat inhibit the growth of bacteriaysozvme and

phospholipids found in tears, saliva and nasaksieas can breakdown the
cell wall of bacteria and destabilize bacterial rhesmes. The low pH of
sweat and gastric secretions prevents growth oftefiac Defenses
(low molecular weight proteins) found in the lungdagastrointestinal tract
have antimicrobial activity. Surfactants in the dumact as opsonins

(substances that promote phagocytosis of parbgighagocytic cells).
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3. Biological factors

The normal flora of the skin and in the gastroimes tract can prevent the
colonization of pathogenic bacteria by secretingictasubstances or by

competing with pathogenic bacteria for nutrientattachment to cell surfaces.
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B. Humoral barriers to infection

The anatomical barriers are very effective in pnéwg colonization of tissues
by microorganisms. However, when there is damadsgaes the anatomical
barriers are breached and infection may occur. Qmfegtious agents have
penetrated tissues, another innate defense mechaoimses into play, namely
acute inflammation. Humoral factors play an impartele in inflammation,

which is characterized by edema and the recruitwigoihagocytic cellsThese

humoral factors are found in serum or they are éatat the site of infection.

1. Complement system

The complement system is the major humoral nonHspedefense
mechanism (see complement chapter). Once acticateglement can lead to
increased vascular permeability, recruitment ofgphgtic cells, and lysis and

opsonization of bacteria.

2. Coagulation system

Depending on the severity of the tissue injury,dbagulation system may
or may not be activated. Some products of the datgu system can
contribute to the non-specific defenses becaudbkenf ability to increase
vascular permeability and act as chemotactic adgenfghagocytic cells. In

addition, some of the products of the coagulatigstesn are directly



antimicrobial. For example, beta-lysine, a proteioduced by platelets
during coagulation can lyses many Gram positivadbacby acting as a

cationic detergent.

3. Lactoferrin and transferring

By binding iron, an essential nutrient for bactetigese proteins limit

bacterial growth.

4. Interferons

Interferon’s are proteins that can limit viruslieggion in cells.

5. Lysozyme

Lysozyme breaks down the cell wall of bacteria.

6. Interleukin-1 - 11-1 induces fever and the production of apbtse
proteins, some of which are antimicrobial becalsy ttan opsonize

bacteria

C. Cellular barriers to infection

Part of the inflammatory response is the recruitmenf
polymorphonuclear _eosinophileand macrophages to sites of
infection. These cells are the main line of defansthe non-specific

Immune system.
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1. Neutrophils - Polymorphonuclear cells are re¢ediito the site of
infection where they phagocytose invading orgiasi and kill them
intracellularly. In addition, PMNs contribute tollederal tissue damage

that occurs during inflammation.

2. Macrophages: - Tissue macrophages and newlyitedr monocytes
which differentiate into macrophages also functionphagocytosis and
intracellular killing of microorganisms. In addiipmacrophages are capable
of extracellular killing of infected or altered &é&hrget cells. Furthermore,
macrophages contribute to tissue repair and aenagen-presenting cells,

which are required for the induction of specifiamme responses.

3. Natural killer (NK) and lymphokine activatedl&il (LAK) cells: - NK and
LAK cells can nonspecifically kill virus infectedhd tumor cells. These cells
are not part of the inflammatory response but tlaeg important in

nonspecific immunity to viral infections and tunsurveillance.

4. Eosinophils: - Eosinophils have proteins in graauleat are effective in

killing certain Parasites.

3.2 PHAGOCYTOSIS AND INTRACELLULAR KILLING

A. Phagocytic cells

1. Neutrophiles/Polymorphonuclear cells (PMN)
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PMNs are motile phagocytic cells that have lobedleiuThey can be
identified by their characteristic nucleus or byartigen present on the
cell surface called CD66. They contain two kindg@nules the contents
of which are involved in the antimicrobial propesgtiof these cells. The
primary or azitrophilic granules, which are aburtdam young newly
formed PMNSs, contain cationic proteins and aefendimat can Kkill
bacteria, proteolytic enzymes like elastase, atttepsin G to breakdown
proteins, lysozyme to break down bacterial cell Isyaland
characteristically, myeloperoxidase, which is iwmaal in the generation
of bacteriocidal compounds. The second type ofdeafound in more
mature PMNs is the secondary or specific granulkes& contain
lysozyme, NADPH oxidase components, which are wewlin the
generation of toxic oxygen products, and charastteally lactoferrin, an

iron chelating protein and B12-binding protein.

2. Monocytes/Macrophages: - Macrophages are ph#gamlls that have a

characteristic kidney-shaped nucleus. They cadémified morphologically

or by the presence of the CD 14 cell surface matislike PMNs they do

not contain granules but they have numerous lysesamhich have contents

similar to the PNM granules.

B. Response of phagocytes to infection
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Circulating PMNs and monocytes respond to dangeS)ignals generated

at the site of an infection. SOS signals include fddmyl - methionine

containing peptides released by bacteria, clottisgstem peptides,
complement products and cytokines released frosugisnacrophages that
have encountered bacteria in tissue. Some of th8 Si@nals stimulate
endothelial cells near the site of the infection express cell adhesion
molecules such as ICAM-1 and selecting which bom@¢dmponents on the
surface of phagocyte cells and cause the phagodgtesdhere to the
endothelium. Vasodilators produced at the site rdedtion cause the
junctions between endothelial cells to loosen d&@dphagocytes then cross
the endothelial barrier by "squeezing" between ¢hdothelial cells in a
process called diapedesiOnce in the tissue spaces some of the SOS signals
attract phagocytes to the infection site by cherm®témovement toward an
increasing chemical gradient). The SOS signals at$wate the phagocytes,
which results in increased phagocytosis and intadaekilling of the invading

organisms.

C. Initiation of Phagocytosis

Phagocytic cells have a variety of receptors oir ttedl membranes through

which infectious agents bind to the cells. Thestuofe:
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1. Fc receptors - Bacteria with IgG antibody onrtkarface have the Fc
region exposed and this part of the Ig moleculelmad to the receptor
on phagocytes. Binding to the Fc receptor requoras interaction of the
antibody with an antigen. Binding of IgG-coated teaia to Fc receptors
results in enhanced phagocytosis and activatidhefnetabolic activity

of phagocytes (respiratory burst).

2. Complement receptors - Phagocytic cells havecaptor for the 3rd
component of complement, C3b. Binding of C3b-codiadteria to this
receptor also results in enhanced phagocytosisséndilation of the

respiratory burst.

3. Scavenger receptors - Scavenger receptors bimdevariety of

polyanions on bacterial surfaces resulting in pbggpsis of bacteria.

4. Toll-like receptors - Phagocytes have a vardatyoll-like receptors
(Pattern Recognition Receptors or PRRs) which neiceg broad
molecular patterns called PAMPs (pathogen assakiatelecular
patterns) on infectious agents. Binding of infaetiagents via Toll-like
receptors results in phagocytosis and the reledsenfmammatory

cytokmes (IL-1,TNF-alpha and IL-6) by the phagosyte

D. Phagocytosis
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After attachment of a bacterium, the phagocyterssig extend pseudopods
around the bacterium. The pseudopods eventualigusu the bacterium and
engulf it, and the bacterium is enclosed in a pbag®. During phagocytosis
the granules or lysosomes of the phagocyte fusetiagt phagosomend empty

their contents. The result is a bacterium engutfedphagolysosome&hich

contains the contents of the granules or lysosomes.

E. Respiratory burst and intracellular killing

During phagocytosis there is an increase in gluemskeoxygen consumption
which is referred to as the respiratory burst. Tdmmsequence of the
respiratory burst is that a number of oxygen-comg compounds are
produced which kill the bacteria being phagocytosdds is referred to as
oxygen-dependent intracellular killing. In additjdracteria can be killed by
pre-formed substances released from granules osdyses when they fuse
with the phagosome. This is referred to as oxygeependent intracellular
killing.

1. Oxygen-dependent myeloperoxidasadependent intracellular killing

During phagocytosis glucose is metabolized vigpi@ose monophosphate

shunt and NADPH is formed. Cytochrome B which was pf the specific
granule combines with the plasma membrane NADPHase and activates
it. The activated NADPH oxidase uses oxygen toingithe NADPH. The
result is the production of superoxide anion. Sofrtae superoxide anion is

converted to H202 and singlet oxygen by superoxddsmutase. In
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addition, superoxide anion can react with H2O2ltieguin the formation of
hydroxyl radical and more singlet oxygen. The resfl all of these
reactions is the production of the toxic oxygen poumds superoxide anion

(02-X H203, singlet oxygen (02) and hydroxyl rat{€H-).
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2.0. Detoxification reactions

PMNs and macrophages have means to protect theradetmn the toxic
oxygen intermediates. These reactions involve idrawtationof superoxide
anion to hydrogen peroxide by superoxide dismuasethe conversion of

hydrogen peroxide to water by catalase.

3.0. Oxygen-independent intracellular killing

In addition to the oxygen-dependent mechanismsllofgkthere are also
oxygen-independent killing mechanisms in phagocytesionic proteins
(cathepsin) released into the phagolysosome canaganbacterial
membranes; lysozyme breaks down bacterial cellswalttoferrin_chelate
iron, which deprives bacteria of this required ieutr hydrolytic enzymes
break down bacterial proteins. Thus, even patehts have defects in the
oxygen-dependent killing pathways are able toddliteria. However, since
the oxygen-dependent mechanisms are much moraeefficy killing,

patients with defects in these pathways are maeeptible and get more

serious infections.

3.1 NITRIC OXIDE-DEPENDENT KILLING -
Binding of bacteria to macrophages, particulariyndmg via Toll-like

receptors, results in the production of TNF-alphlaich acts in an autocrine
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manner to induce the expression of the inducililecroxide synthetase gene
(i-nos) resulting in the production of nitric oxid®lO) If the cell is also
exposed to interferon gamma ( IFN-gamma) additionizic oxide will be
produced. Nitric oxide released by the cell is d¢oxand can Kill

microorganism in the vicinity of the macrophage.

3.2  Non-Specific Killer Cells

Several different cells including NK and LAK cell& cells, activated
macrophages and eosinophils are capable of kilbngign and altered self
target cells in a non-specific manner. These qatyg an important role in

the innate immune system.

A. NK and LAK cells

Natural killer (NK) cells are also known as largemular lymphocytes
(LGL) because they resemble lymphocytes in theirpmology, except that
they are slightly larger and have numerous granuls cells can be
identified by the presence of CD56 and CD16 andkatd CD3 cell surface
markers. NK cells are capable of killing virus-icted and malignant target
cells but they are relatively inefficient in doisg. However, upon exposure
to IL-2 and IFN-gamma, NK cells become lymphokirthaated Killer
(LAK) cells, which are capable of kiling malignartells. Continued

exposure to IL-2 and IFN-gamma enables the LAKscallkill transformed



as well as malignant cells. LAK cell therapy is oapproach for the

treatment of malignancies.

How do NK and LAK cells distinguish a normal cethi a virus-infected or
malignant cell? NK and LAK cells have two kinds mceptors on their
surface - a killer activating receptor (KAR) andkibker inhibiting receptor
(KIR). When the KAR encounters its ligand, a kilsativating ligand (KAL)
on the target cell the NK or LAK cells are capabfekilling the target.
However, if the KIR also binds tts ligand then killing is inhibited even if
KAR binds to KAL. The ligands for KIR are MHC-elaksnolecules. Thus,
if a target cell expresses class | MHC moleculesilitnot be killed by NK
or LAK cells even if the target also has a KAL whicould bind to KAR.
Normal cells constitutively express MHC class | emlles on their surface,
however, virus infected and malignant cells dowgutate expression of
class | MHC. Thus, NK and LAK cells selectively Ikilirus-infected and

malignant cells while sparing normal cells.

B. K cells

Killer (K) cells are not a morphologically distinttpe of cell. Rather a K
cell is any cell that mediates antibody-dependesgitular cytotoxicity

(ADCC). In ADCC antibody acts as a link to bringet cell and the target
cell together to allow killing to occur. K cellsyeaon their surface an Fc

receptor for antibody and thus they can recogrired and kill target cells



coated with antibody. Killer cells which have Faeptors include NK,
LAK, and macrophages which have an Fc receptotdGr antibodies and

eosinophils which have an Fc receptor for IgE aaliies.

All componentsf the non-specific immune system are modulated bdygisoof the

specific immune system, such as interleukindaragargammaantibody, etc

4.0 CONCLUSION

Immunity and infections or diseases are jolly fderand they are closely
related in their activities. Body immunity via themune system fights
diseases and agents of infection using various adstimechanisms that

have been extensively discussed in this unit.

5.0 SUMMARY

1. Diseases or infections stimulate the action of imityu or its

production if it is not there already

2. The purpose of immunity in the body is help redisease or combat

infectious agents that gain access to the body

3. Immunity actions include phagocytosis, intracelitdling by killer

cells and nitric oxide dependent killing .
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6.0 TUTOR MARKED ASSIGNMENT
1.  What is immunity?

2. Explain methods and actions employed by this systeperform its

functions
3. REFERENCES
Wikipedia, the free encyclopedia in Encerta

www.google.com
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1. Introduction
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This very unit is the aspect of this course thataacerned with available
tests in clinical immunology used to establish awafirm the issue of
whether someone has immunity or not. It also hidgsrobe into the causes
or reason for whatever situation is detected udferent tests and
methods. Different tests and methods employed #&e discussed to
distinguish or differentiate them from one anothisues of defective

Immunity and tissue deposition are also given fyior

2. OBJECTIVE

This main objective of this unit is to make youlizathe fact that there are
tests in clinical immunology to establish the aafaility or non — availability

of immunity and possible reason(s) for the outcafeach test.

3.0 MAIN CONTENTS

3.1 Why Test Patient

Immunological Investigations of patients are laygehrried out on the
blood, but may also involve analysis of the cerspnaeal fluid, urine and
other tissue fluids. The investigations are dirécae answering any of
the following sets of questions; which can only pesed after an

appropriate, clinical history and examination,
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1. Is the patient making specific anti-bodiesatoy particular infective
agent (or a specific antigen derived from it.}Adf, it is possible, and in
some cases highly probable, that the patient's ®yngpare caused by

the agent.

2. Is the patient making antibodies to some othbstance
(non-Infective) in the environment, e.g., polleraigs, dust,
milk, drugs, etc? If so, are they the sort of awdiles likely to

cause allergic symptoms?

3. Is the patient making unusual antibodies to seffstituents

and so causing a so-called "auto immune" disease?

4. Is the patient able to make antibodies at Alt@ the
symptoms due to a failure of the immune systenwbok

properly?

5. Is there direct evidence of microorganisms or theodpicts in the

patient's blood or tissues?

6. What is the concentration of the variouswmadrplasma constituents
(proteins, peptides, hormones, etc.), which can rbeasured by
iImmunochemical techniques? Characteristic changekevels of these

constituents are diagnostic in many areas of maelidtor example, the
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iImmunological assay of thyroid hormone indicatesewilthere is hypo-

or hyper-function of that gland.

7. Are there abnormal proteins or hormones @tog in the plasma or
urine? The former are seen in some malignant deserdf cellsof the
Immune system; and the commonlged pregnancy test detects a

special hormone present only in the urine of pragmemen.

8. Is there evidence of deposition at the sitdisfue damage of im-

munological proteins, or of infiltration with immoltogically active cells?

9. Is the state of cell-mediated immunity ndffna

10. Are there special types of abnormal cells (eancer cells) or their

products circulating in the blood?

3.2 ANTIGEN - ANTIBODY REACTIONS

In providing the answers to these -questions,dlgel majority of the tests
employed exploit the antigen-antibody reaction, #m& various ways it
can be detected. It is only in answer to quedtan some of the tests rely
on theSpecial characteristics of living cellsddo Ilymphocytes,
monocytes an@olymorphonuclear leucocytes) to pead to specific
agents in a particular manner. It is obvious tmaemploying antigen-

antibody reactions for experimental or clinical poses one must use
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either known antigen or a known antibody. For exi@npo detect the
presence of antigen X in the blood or tissues,oomeasure the serum
concentration of X, one must have a known andbidi&ource of anti-X.
These reagents are usually prepared in laboratoiry domestic animals.
Conversely, if onevants to know whether the patient is making anti-Y

antibodies, one must have a known and reliableceonirthe antigen .

The answers to questions 1-4 above employ knowigeard to detect the

patient's antibodies in serum, plasma or tissuésflu

An example of this type of test is the Widal tesed in the
diagnosis of typhoid fever. This is agglutinationreaction, in which the
homogeneous opalescent appearance of a susperisloied typhoid
organisms is modified by antibody, which causes ludg@tion or
clumping of the bacilli and disruption of the susgpien. The antibodies,
which react with surface antigens of the microorgias, arise as a result
of natural infection or immunization. The strengtii most human
antibodies is tested by diluting out the serum awoting the highest

dilution at which the reaction can be detected.

In the widal test, an agglutination reaction whiglpositive only up
to a dilution of 1 in 20 is much weaker than oneiclthcan still be

detected at a serum dilution of 1 in 500. The gjtlerof the reactions
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against different forms of the typhoid bacillus yd®es the diagnostic
information on whether or not the patient is likétyhave the infection.
The patient's antibody responsaytake time to develop, so that a rising
titre (concentraon) of antibodies to a specific organism durihg tourse
of an illness is usually more positively diagnostitan a single

estimation.

If the antigen is available in a soluble-form, thére test may
exploit the fact that the reactions between saohstiof antigen and
antibody can result in the formation of an insoduptecipitate. Such
precipitates are often best visualized in transgagels, such as agar gel,
derived from seaweed. If holes are made in theagal, the solutions of
antigen and antibody are placed in adjacent halesy the precipitate
occurs as a visible line in between the two holBsis reaction is
concentration-dependent, and will not be seertlifesi antigen or antibody
IS present in excess, or indeed if either is prelsequantities less than 1
mg per litre. An example of the clinical use of fhrecipitation test is to
detect antibodies to soluble antigens from birdsictv are found in the

sera of bird fanciers who get a special type obglur chest disease.

3.3 Radio-isotope tests
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Antibodies which are clinically significant are eft present in
extremely small amounts, and more sensitive metlodddetection are
needed. For example, the antibodies which are nssiple for the acute
allergic symptoms of hay fever and asthma belong special class of
antibodies called immunoglobulin E or IgE. They present in very small
amounts in the serum indeed all the IgE antibotbggther in a normal
person's serum seldom total more than one-fiftla ahilligramme in a
litre. These specific IgE antibodies have to beeckeid by a test in which
the antigen, or some reagent of the test, is ldbelh a radioactive
Isotope, such as lodinel25. The commonly emplogstiwas developed
by the Swedish firm Pharmacia, and has been cé#iledradio Allergo-

Sorbent Test (RAST).

In this test, the antigen (or allergen) is chentycabated on to small filter-
paper discs. These are mixed with the patientigrst allow any specific
IgE antibodies to that particular antigen to becomenfyr bound to the
disc. The disc is washed and then exposed to a@olof a sheep or goat
antiserum to human IgE, in which the antibochpleculeshave been
labelled with lodinel25. This antibody binds to amyman IgE which
was fixed in the first stage. The level of radiahdaty remaining on the
disc after further washing indicates the strengthth® specific IgE

antibodies.
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This principle of using a "second antibody" raigedheterologous species
against human immunoglubulin is widely used in mamgcedures to
detect human antibodies to known antigens. Iteskiasis of thendirect
iImmunofluorescent teswvhich is frequently used to detect antibodies to
"auto-antigens”. In some instances the antibodiedicate that a
particular organ or tissue is being damaged by amo“immune"
process, while in others the antibodies act asndisiic hallmarks of a

particular condition on an empirical basis.

The test uses histological sections of human anahtissues mounted
on microscope slides. The patient's serum is adolede slide, and any
anti-tissue antibodies bind to the relevant ansgevost tissues, of
course, consist of a multitude of different struesy and are
antigenically very complex. However, this procedatws the anti-
bodies to "seek out" and bind to only those ansgetth which they

specifically react.

After washing of the tissue to remove excess séruhe section is
exposed to anti-human immunoglobulin, in this insta tagged with
fluorescent molecules. These bind to any humarbadhtes fixed to the
tissues in the first stage and allow them to beialised through the
fluorescent microscope. Some of the commonestahéb to be detected

in this way are the antibodies to the constituaitshe nuclei within



tissue cells (anti-nuclear antibodies'). These fatend in the sera of
patients with the condition of systemic lupus eeytlatosus, an auto-
iImmune disease in which the antibodies that devdimpnuclear

constituents form antigen-antibody complexes armtyre damage in
many organs, particularly the skin, joints and kg The procedure
has also been used to demonstrate antibodies igeastof the thyroid
gland in patients with various disorders of thagaor. And indeed many
types of endocrine gland disorders arise as atreSah "auto-immune"
process, and thiaedirect immunofluorescent test can be used toctléte

auto-antibodies which indicate this process.

3.4 Defective immunity

In patients who experience recurrent infections aadm to have little
resistance, it may be necessary to ascertain whttegpatient is capable
of making antibodies at all. All normal sera conta certain level of
antibodies to commonly occurring micro-organismstamsuch agents as
tetanus toxoid with which most individuals are viaated as children.
Patients who develop a failure to make antibodmsally cease to make
any antibody protein (immunoglobulins), and measwet of their total

serum immunoglobulin reveal very low levels (a atind also known as

hypo-gammaglobulinaemia).
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The measurement of these large molecular weigheijm®o (and indeed a
considerable number of other plasma proteins) ism@ans of hetero-
specific antisera. These provide reagents for thmenunochemical
guantitation of the proteins by some modification or other o th
precipitate reaction. If the test serum is added tmnstant quantity of a
specific antiserum, the amount of precipitate fadm® directly propor-
tional to the quantity of antigen present. Direceasurement of the
precipitate in agar gel is one of the most freqglyamted methods for this
purpose, but it caalso be quantitated with great sensitivity anddyiby
measuring the light scattering of the precipitate inephelometer, or its
absorbance in a spectrophotometer. These technagieasidely used in
clinical biochemistry and immunology departmentdie Tpatterns of
change in levels of the different plasma proteires @ diagnostic im-

portance in many diseases.

Where the plasma constituent is present in veryllsamounts, then
more sensitive procedures are used. This is the with many of the
hormonesand smallpeplidesof considerable biological significance, such
as insulin, thyroid hormones, etc. Some form ofiGziidmiunoassay is
usually employed, in which a small amount of thetwaillar substance

Is tagged with radioactive lodine. The binding dfe tradioactive
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molecules by a specific antiserum is quantitativeifibited by free

unlabelled molecules present in the patient's serum

The same procedures, either precipitation by aifspemtiserum or

radio-isotope labelling {depending on the quaniiyolved) can be used
to detect substances not normally present in seflimese include
substances such as alpha-foeto-protein, a plasataimppresent during
foetal life which disappears soon after delivery imay occur again in
the serum of patients with certain types of livancer. Other abnormal
proteins are products of microbial infection, sashhepatitis B surface

antigen, the product of a hepatitigrigection.

3.5 Tissue deposition

Deposition of antibodies at abnormal sites, pratyigmmunologic
mediated damage, can be detected by direct immuorescent
examination of tissue biopsies. The sections oftibgue are exposed to
fluorescein-labclled anti-human immunoglobulinsdatie distribution of
fluorescence is noted. This is particularly usefal assisting the

microscopic diagnosis of certain skin and kidnesedses.

The same principle, using a conjugated antiseruspézific micro-

organisms, can be used to detect the microorganismssues or smears
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from patients. This permits rapid microbiologicaaghosis without the

need to culture the organisms, which may take 24hor longer.

Tests of cell mediated immunity are less frequemdguired in
clinical immmunology at the present time, althougbyt are of great value
in research into some of the abnormal mechanisnissebse. Their main
use in the clinical field is for the proper diagmoand management of
certain patients, usually children, who show aufal of the immune
system to work properly. The tests begin by isolatof the patient’s
lymphocytes from the peripheral blood. Lymphocy&aes the body cells
responsible for initiating the great variety of imne response of which
each individual is capable. They have special ser&ructures referred to
as “markers”, and the different types of marker bardetected on the cells
by appropriate specific antisera, usually by tlehteque of fluoresce in —
tagging of the antibody molecues. The number arsdridution of the
markers may indicate whether or not there is aufailof lymphocyte —
dependant immunity. In addition, functional testdymphocytes can be
done in which the isolated cells are cultured foruanber of days in the
presence of certain substance called “mitogensh& most commonly
used of these is derived from the jack bean and called
phytohaemaglutinin (PHA). Normal lymphocytes enéaemnd divide in the

presence of PHA, undergoing a process called “diastsformation “.
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Functionally defective cells do not do this, ands tlability can be
correlated with the individual's ability to develog proper immune

response.

Again, by using antisera to the antigens presengtmrormal cells,
such as cancer cells, these cells or their prodeenisbe detected in the
blood and tissues. For instance, certain typegutdemic cells can now
be detected in blood smears and bone marrow, vehiteaterial called
carcinoembryonic antigen (CEA) can often be foundthe plasma of
patients with cancer of the bowel. The precise oetsed depends on the
nature and concentration of the antigens concetmédnost of these tests
rely on the greater sensitivity of the immunoflsrent or

radioimmunoassay procedures.

This has been a brief review of the range of imnhogioal tests
employed diagnostically in clinical medicine, a ganincreasing all the
time. Newer techniques have now been developedhwdmaploy different
substances to label antibody molecules. They irckezymes which are
efficient at very low concentrations in acting opesial substrates to
release coloured products, which can be seen ljirectmeasured by a
spectrophotometer. Another group of substancesgbewaluated as
antibody “labels” are lucinogens, capable of getmegdight energy in the

presence of appropriate co — factors. These addetavays and increase



the sensitivity and the ease by which antigen +bady reactions can be
measured. They are likely to be particularly impottin circumstances
where facilities for radio — active monitoring eanmunofluorescence are
not available. The methods of producing specifithanlies for diagnostic
purposes have been improved, and a unique proedlssl cmonoclonal

antibody” production has been developed. This mlesiantibodies of
extremely high specificity in potentially unlimiteguantities, which are

used in clinical laboratory medicine.

It is to be expected that these developments wiltiaue, and it is
to be hoped that their judicious use will enablanumology and the

Immunologist to continue to the health and welleinly of mankind.

4.0 CONCLUSION

Test in clinical immunology began with a considenmatof the
factors responsible for immunity to reinfection léoling a specific
infectious disease it was found that the infectiesulted in production and
secretion into the circulation of special proteinolecules called
antibodies. These were able to neutralize the sowinthe germs causing
the infections, cause their elimination and agsistbody to recover from

the infection and prevent reinfection.
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5.0

SUMMARY

Reasons for instituting clinical immunological &stere examined

and ten of such mentioned and discussed

Issue of antigen — antibody reactions as they at&sts in clinical

iImmunology was also examined.

The impact of radio—isotope tests as involved innicl

immunology also looked into.

The aspect of defective immunity as well as tisdeposition were

also examined

6.0 TUTOR MARKED ASSIGNMENT

7.0

Clinical immunology activities, why test patiedts
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1. INTRODUCTION

In this unit, discussions are centered on the isguenmune response to
diseases through cell-mediated actions. Remembtreirearlier Modules,
particularly in Module 2, mention was made of killeells as well as
Antigen presenting cells as being actively involvedohargocytosis, cell-

mediated response is a follow up to all those astio

OBJECTIVE

This real objective of this unit is to further enba better understanding of
topics treated in the earlier units, particularlyn iModule 2.

3.0 MAIN CONTENT

3.1 Central role of the cells in immune responses

After Th cells recognize specific antigen preseigdn APC, they can initiate
several key immune processes. These include: &rtgmt of appropriate
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effect or mechanisms (e.g., B cell activation orgéoeration); 2) induction
of proliferation of appropriate effect or cells aB) enhancement of the
functional activities of other cells (e.g., grammjtes, macrophages, NK

cells).

There are three subpopulations of Th cells, Th@, @ahd Th2 cells.
When naive ThO cells encounters antigeseacondary lymphoid tissues,
they are capable of differentiating into inflammstdhl cells or a helper
Th2 cells, which are distinguished by the cytokitiesy produce. Whether a
ThO cells becomes a Thl or aTh2 cell depends upercytokines in the
environment, which is influenced by antigen. Foarmaple some antigens
stimulate IL-4 production which favors the genematiof Th2 cells while
other antigens stimulate IL-12 production, whicldisg the generation of
Th1 cells. Thl and Th2 cells affect different celted influence the type of
an immune response. Cytokines produced by Thl aefigate macrophages
and participate in the generation of Tc cells, Itesy in a cell-mediated
iImmune response. In contrast cytokines producedl'ti¥ cells help to
activate B cells, resulting in antibody productibnaddition, Th2 cytokines
also activate granulocytes. Equally important, eabpopulation can exert
inhibitory influences on the other. IFN-y produckyg Thl cells inhibits
proliferation of Th2 cells and 1I-10 produced by ZTtcells inhibits

production of IFN-y by Thl cells. In addition, adtigh not shown, IL-4
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inhibits production of Thl cells. Thus, the immumesponse is directed to
the type of response that is required to deal thighpathogen encountered -
cell-mediated responses for intracellular pathogerentibody responses for

extracellular pathogens.

3.1 Cell-cell interactions in antibody responses toexogenous T-

dependent antigens

3.2.1 Hapten-carrier model

Historically, one of the major findings in immunglp was that both T
cells and B cells were required for antibody prdaucto a complex
protein. A major contribution to our understandwofgthis process came
from studies on tie formation of anti-hapten antiles. Studies with
hapten-carrier conjugates established that: 1) déld recognized the
carrier determinants and B cells recognized hapteeterminants; 2)
interactions between hapten-specific B cells anmdaraspecific Th cells
was self MHC restricted; and 3) B cells can functimoth in antigen
recognition and in antigen presentation. B cellsupy a unique position
In immune responses because they express immumnabgloftg) and
class Il MHC molecules on their cell surface. Thsgrefore are capable of
producing antibody having the same specificityles expressed by their

immunoglobulin receptor; in addition they can fuocstas an antigen
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presenting cell. In terms of the hapten-carrier jiggate mode], the
mechanism is thought to be the following: the hapserecognized by the
Ig receptor, the hapten-carrier is brought into Bheell, processed, and
peptide fragments of the carrier protein are prieseto a helper T cell.
Activation of the T cell results in the productiohcytokines that enable
the hapten-specific B cell to become activated nmdpce soluble anti-

hapten antibodies.

Note that there are multiple signals deliveredh® B cells in this model of
Th2 cell-B cell interaction. As was the case fotivation of T cells where
the signal derived from the TCR recognition of gtmee-MHC molecule
was by itself insufficient for T cell activationg $o0 for the B cell. Binding
of an antigen to the immunoglobulin receptor delvene signal to the B
cell, but that is insufficient. Second signals dasled by co-stimulatory

molecules are required; the most important of the&40L on the T cell.

3.2.2 Primary antibody response

B cells are not the best antigen presenting cefl primary antibody
response; dendritic cells or macrophages are mdfieierd.

Nevertheless, with some minor modifications thadvaparrier model of
cell-cell interactions described above also appitiesiteractions in a

primary antibody response.
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In a primary response the Th2 cell first encourdatgen presented by
dendritic cells or macrophages. The "primed" THRcaa then interact
with B cells that have encountered antigen angbi@&enting antigenic
peptides in association with class 1| MHC moleculdse B cells siill
requires two signals for activation - one sign#hésbinding of antigen to
the surface Ig and the second signal comes t@#0/CD40 ligand
engagement during Th2/B cell-cell interaction. Iddi&on, cytokines
produced by the Th2 cell help B cells proliferated adifferentiate into

antibody secreting plasma cell.

3.2.3 Secondary Antibody Responses

As a consequence of a primagsponse, many memory T and B cells
are produced. Memory B cells havehigh affinity Ig receptor (due to
affinity maturation), which allows them to bind apcesent antigen at much
lower concentrations than that required for macagels or dendritic cells.
In addition, memory T cells are more easily actdathan naive T cells.
Thus, B/Th cell interactions are sufficient to gente secondary antibody
responses. It is not necessary (although it caarpte "prime" memory Th

cells with antigen presented by dendritic cellsnacrophages.

3.2.4 Class switching
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Cytokines produced by activated Th2 cells not astignulate proliferation

and differentiation of B cells, they also help red@ the class of antibody
produced. Different cytokines influence the switchdifferent classes of
antibodies with different effort functions. In thigy the antibody response
Is tailored to suit the pathogen encountered (g.§. antibodies for parasitic

worm infections).

lIl. Cell-cell interactions in antibody responses © exogenous T-

Independent antigens

Antibody responses to T-independent antigens do raqtire cell-cell
interactions. The polymeric nature of these ansgaiows for cross-linking
of antigen receptors on B cells resulting in adibra No secondary
responses, affinity maturation or class switchirmguos. Responses to T-
independent antigens are due to the activationsafopopulation of B cells
called CD5+B cells (also called B1 cells), whiclstoiguishes them from

conventional B cells that are CD5- (also calledcBis).

CD5+ (BI) cells

CD5+ cells are the first B cells to appear in oetng They express
surface IgM but little or no IgD and they producenarily IgM
antibodies from minimally somatically mutated gerlme genes.

Antibodies produced by these cells are of low dffirand are often



polyreactive (bind multiple antigens). Most of g in serum is derived
from CD5+ B cells. CD5+ B cells do not give risent@mory cells. An
Important characteristic of these cells is thay thwe self-renewing, unlike
conventional B cells which must be replaced frora tone marrow.
CD5+ B cells are found in peripheral tissues arelthe predominant B
cell in the peritoneal cavity; B1 cells are a majafense against many
bacterial pathogens that characteristically havigspacharides in their
cell walls. The importance of these cells in imntyms illustrated by the
fact that many individuals with T cell defects atdl able to resist many

bacterial pathogens.

IV. Cell-cell interactions in cell-mediated immunity (generation of Tc cells

in response to endogenous antigens in the cytosol)

Cytotoxic T lymphocytes are not fully mature whémy exit the thymus.
They have a functional TCR that recognizes antigpemn they cannot lyse a

target cell. They must differentiate into fully fetronal effector Tc cells.

Cytotoxic cells differentiate from a "pre-CTL" irgponse to two signals:

*  Specific antigen associated with class | M#@,a stimulator cell

*  Cytokines produced by Th1l cells, especidlh2| and IFN-gamma.

A. Features of CTL-mediated lysis
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1. CTL killing is antigen-specific. To be killed &y CTL, the target cell
must bear the same class | MHC-associated antluygntiiggered pre-

CTL differentiation.

2. CTL killing requires cell contact. CTL are trggd to kill when they
recognize the target antigen associated with asaelhce MHC molecule.
Adjacent cells lacking the appropriate target MH@gen are not

affected.

3. CTLs are not injured when they lyse target célsch CTL is capable of

killing sequentially numerous target cells.

B.  Mechanisms of CTL-mediated killing

CTLs utilize several mechanisms to kill target £ellome of which
require direct cell-cell contact and others thaulefrom the production
of certain cytokines. In all cases death of thgdtucells is a result of

apoptosis.

1. Fas- and TNF-mediated killing

Once generated CTLs express Fas ligand on théacgmwhich binds
to Fas receptors on target cells. In addition, TNsecreted by CTLs
can bind to TNF receptors on target cells. Thedfas TNF receptors

are a closely related family of receptors, whichewlthey encounter

108



their ligands, for trimers of the receptors. Thesseptors also contain
death domains in the cytoplasmic portion of theeptar, which after
tirmerization can activate caspases that inducetapis in the target

cell.

2.  Granule-mediated killing

Fully differentiated CTLs have numerous granuled tontain perforin and
granzymes. Upon contact with target cells, perfagnreleased and it
polymerizes to form channels in the target cell foeme. Granzymes,
which are serine proteases, enter the target lvelugh the channels and

activate caspases and nucleases in the targe¢sealiing in apoptosis.

V. Cell-cell interactions in cell-mediated immuniy (activation of

macrophages in response to endogenous antigens @sicles)

Macrophages play a central role in the immune syst®acrophages are

involved in:

* Initial defense as part of the innate immsystem

* Antigen presentation to Thi cells

»  Various effector functiong.g.,cytokine production, bactericidal

and tumoricidal activities). Indeed macrophagesy phn important role
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not only in immunity but also in reorganizationtslsues. However, because

of their potent activities, macrophage can alsdamage to tissues.

Many of these macrophage functions can only beopedd by activated
macrophages. Macrophage activation can be definedq@antitative

alterations in the expression of various gene mmtsduhat enable the
activated macrophage to perform some function ¢aahot be performed by

the resting macrophage.

Macrophage activation is an important function af dells. When Thl cells
get activated by an APC such as a macrophage réhegses IFN-y, which
Is one of two signals required to activate a magagge. Lipopolysaccharide
(LPS) from bacteria or TNE- produced by macrophages exposed to

bacterial products deliver the second signal.

Effect or mechanisms employed by macrophages inclad

production of:

TNF-, which can induce apoptosis

Nitric oxide and other reactive nitrogen nmediates

Reactive oxygen intermediates

Cationic proteins and hydrolytic enzymes;il@dy dependent

cellular cytotoxicity (ADCC)
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Macrophage activation by Thl cells is very impottanprotection against
many different pathogens For exampl®neumocystis carimii,an

extracellular pathogen, is controlled in normal iwalals by activated
macrophages; it is, however, a common cause ohdeafIDS patients
because they are deficient in Thl cells. SimilarMycobacterium
tuberculosis, an intracellular pathogen that residie vesicles, is not
efficiently killed by macrophages unless they aptivated; hence this

infection is a problem in AIDS patients.

VI.  Cell-cell interactions in cell-mediated immunty (activation of NK

cells)

Cytokines produced by activated Th1l cells, paréidulil-2 and IFN-y, also
activate NK cells to become lymphokine activatetekicells (LAK cells).
LAK cells are able to kill virus infected and tumcells in a non-MHC-
restricted manner. Indeed, susceptibility of tagls to killing by NK and
LAK cells is inversely proportional to the expressiof MHC class 1
molecule. The effector mechanisms used by NK anHl télls to kill target
cells is similar to those used by CT{(eg.,perform and granzymes). NK

and LAK cells are also able to kill antibody coatayet cells by ADCC.

4.0 CONCLUSION

111



The cell mediated immune response involves a comgdgies of events
after antigens enter the body. Helper T cells arquired alongside
macrophages to bind the presented antigen therebgnie activated to
divide and secrete interleukin. Cell — mediated unmrespond also assist
in effective elimination of cells infected in the/steem in which cells
destroyed other cells become active. Cell — medlian@mune response
resist invaders that reproduce within the bodyscedlich as viruses and

mutated cells as in cancers.

5.0 SUMMARY

Cell — mediated immune response to infection oeakss can be in the

following ways or forms which include:

1 via central role of the TH cells

2 through cell — cell interaction in one of these:

1. Hapten carrier model

2. Primary antibody response

3. Secondary antibody response

4. Class switching.

1. TUTOR MARKED ASSIGNMENT
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1. What do you understand by immune response to infes?

2. Explain ways by which immune response to infecttan be carried

out?

3. REFERENCES
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1. INTRODUCTION

In continuation of the discussion of immune respausinfections this unit is
focused on hypersensitivity reaction which accadio martin (2003) is a
condition whereby the body system is prone to nedpgbnormally to the
presence of a particular antigen which may causaiaty of tissue reactions
ranging from serum sickness to an allergy suchagddver or, at the severest

to anaphylaxis. ie

of understanding of the subject matter.
2.  Objective

The objective of this unit is simple and straightfard as it is just to
clarify and throw light on the issue of hypersawntit reaction in immune

response to infections or diseases.
3.0 Hypersensitivity Reactions

Hypersensitivity refers to excessive, undesirabb{aging, discomfort-producing
and sometimes fatal) reactions produced by the abimmune system.

Hypersensitivity reactions require a pre-sensitigeunune) state of the host.
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Hypersensitivity reactions can be divided into foypes: type I, type I, type IlI
and type 1V, based on the mechanisms involved anel taken for the reaction.
Frequently, a particular clinical condition (disepsay involve more than one type

of reaction.

3.1 Type 1 Hypersensitivity

Type | hypersensitivity is also known as immediat@naphylactic
hypersensitivity. The reaction may involve skintigaria and eczema), eyes
(conjunctivitis), nasopharynx (rhinorrhea, rhinifisronchopulmonary tissues
(asthma) and gastrointestinal tract (gastroensgrifihe reaction may causeange

of symptoms from minor inconvenience to death. fidaction usually takes 15-30
minutes from thdime of exposure to the antigen, although sometiinesy have

a delayed onset (10-12 hours).

Immediate hypersensitivity is mediated by IgE. Tingnary cellular component
in this hypersensitivity is the mast cell or basbpFhe reaction is amplified
and/or modified by platelets, neutrophils and eoghils. A biopsy of the

reaction site demonstrates mainly mast cells astephils.
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The mechanism of reaction involves preferentiatipation of IgE, in response to
certain antigens (allergens). IgE has very higméyffor its receptor on mast cells
and basophils. A subsequent exposure to the sdergeai cross links the cell-
bound IgE and triggers the release of various phaotegicallyactive substances.
Cross-linking of IgE Fc-receptor is important inshaell triggering. Mast cell
degranulation is preceded by increased Ca++ inflimch is crucial process
cytoplasmic Ca++ also promote degranulation, wieragents which deplete

cytoplasmic Ca+tlegranulation.

The agents released from mast cells and theirtsffae listed below. Mast cells
may be triggered by other stimuli such as exer@sgtional stress, chemicals
(e.g., photographic developing medium anaphylot®Xeg., C4a, C3a, C5a, etc.).
These reactions, mediated by agerithout IgE-allergen interaction, are not

hypersensitivity reactions although they produeesame symptoms.

The reaction is amplified by PAF (platelet actieatifactor) which causes platelet
aggregation and release of histamine, heparin asdactive amines. Eosinophil
chemotactic factor of anaphylaxis (ECF-A) and nepitil chemotactic factors
attract eosinophiis and neutrophils, respectivetyich release variousydrolytic

enzymes that cause necrosis. Eosinophils may alstoot the local reaction by
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releasing arylsulphatase, histaminases, phosplselipaand prostaglandin-E,

although this role of eosonophils is now in questio

Cyclic nucleotides appear to play a significanerol the modulation of immediate
hypersensitivity reaction, although their exactdtion is ill understood. Substances
which alter cAMP and cGMP levels significantijter the allergic symptoms.
Thus, substances that increase intracellular cAbH#rsto relieve allergic
symptoms, particularly broncho-pulmonary ones, ardused therapeutically.
Converselyagents which decrease cAMIP stimulate cGMRggravate these

allergic conditions.

Diagnostic tests for immediate hypersensitivityline skin (prick and intradermal)
tests measurement of total IgE and specific Igkbadtes against the suspected
allergens. Total IgE and specific IgE antibodies measured by a modification of
enzyme immunoassay (ELISA). Increased IgE levedsratticative of an atopic
condition, although IgE may be elevated in some-aimpic disease&.g.,

myelomas, helminthimfection, etc.).

There appears to be a genetic predisposition tmi@tliseases and there is

evidence for HLA (A2)association.
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Symptomatic treatment is achieved with antihistamiwhich histamine receptors.
Chromolyn sodium inhibits mast cell degranulatiprgbably, by inhibiting Ca++
influx. Late onset allergic symptoms, particuldolpnchoconstriction which is
mediated by leukotrienes, are treated with leukatireceptor blockers (Singulair,

Accolate) or inhibitors of the cyclooxygengsathway (Zileutoin). Symptomatic,

although short term, relief from bronchoconstrintie provided by bronchodilators
(inhalants) such as isoproterenol derivatives (li@ine, Albuterol). Thophylline
elevates CAMP by inhibiting cAMP-phosphodiesterasd inhibits intracellular

Cat+ release is also used to relieve bronchopulma@yanptoms.

The use of IgG antibodies against the Fc portidng® that binds to mast
cells has been approved for treatment of certéangs, as it can block mast

cell sensitization.

Hyposensitization (immunotherapy or desensitizatias another treatment
modality which is successful in a number of allesgi particularly to insect
venoms and, to some extent, pollens. The mechaisismt clear, but there, is a
correction between appearance 1gG (blocking) adid® and relief from
symptoms. Suppressor T cells that specifically bithigE antibodies may play a

role.
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3.2 Type Il Hypersensitivity

Type Il hypersensitivity is also known as cytotokigpersensitivity and may affect a
variety of organs and tissues. The antigens aremaly endogenous, although
exogenous chemicals (haptenglich can attacho cell membranes can also lead to

type Il hypersensitivity. Drug-induced hemolytineania, granulocytopeniand

thrombocytopeniare such examples. The reaction time is minutémtos. Type |l

hypersensitivity to primary mediated by antibodiéshe IgM or IgG classes and

complementPhagocytes and K cells may also play a role (ADCC).

The lesion contains antibody, complement and neifs. Diagnostic tests include
detection of circulatingantibody against the tissues involved and the pesef
antibody and complement in the lesion (biop$y) immunofluorescence. The

staining pattern is normally smooth and linear hsas that seen iGoodpasture's

nephritis (renal and lung basement membrane) antbpegus (skin intercellular
protein,  desmosome) Treatment involves  anti-inflammatory  and

immunosuppressive agents.

3.3 Type lll Hypersensitivity
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Type lll hypersensitivity is also known as immur@mplex hypersensitivity. The
reaction may be generé.g.,serum sickness) or may involve individual organs
including skin(e.g.,systemic lupus erythematosusthus reaction), kidneye.g.,

lupus nephritis), lungs (e.q., aspergiHosmyod vesselée.g.,polyarteritis),joints

(e.g.,rheumatoid arthritis) or other organs. This reattay be the pathogenic

mechanism of diseases caused by many microorganisms

The reaction may take 3-10 hours after exposurgnéoantigen (as in_Arthus
reaction. It is mediated by soluble immune complexes. Tamymostly of the 1gG
class, although IgM may also be involved. The a@ttighay be exogenous (chronic
bacterial, viral or parasitic infections), or endagus (non-organ specific
autoimmunity;e.g., systemic lupus erythematosus, SLE). The antigesoisble
and not attachetb the organ involved. Primary components are delilmmune
complexes and complement (C3a, 4a &ajl. The damage is caused by platelets
and neutrophils. The lesion contains primarily nephils and deposits of immune
complexes and complement Macrophages infiltratinglater stages may be

involved in the healing process.

The affinity of antibody and size of immugemplexesre important in production

of disease and determining the tissue involvedgDusis involves examination of
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tissue biopsies for deposits of Ig and complemeninbmunofluorescence. The
immunofluorescent staining in type Il hypersensiyi is granular (as opposed to
linear in type Il such as seen in Goodpasture'sigyne). The presence of imnmune
complexes in serum and depletion in the level ahgplement are also diagnostic.

Polyethylene glycol-mediated turbidity (nephetorngtbinding of C1q and Raji

cell test are utilized to detect immune complexes. Treatmictudes anti-

inflammatory agents.

3.4 Type IV Hypersensitivity

Type IV hypersensitivity is also known as cell nadd or delayed type
hypersensitivity. The classicaxample of this hypersensitivity is_tuberculin
(Montoux) reaction which peaks 48 hours after tijedtion of antigen (PPD or old

tuberculin). The lesion is characterized by indieratind erythema.

Type IV hypersensitivity is involved in the pathogsis of many autoimmune and
infectious diseases (tuberculosis, leprosy, blagtasis, histoplasmosis,
toxoplasmosis, leishmaniasistc.) and granulomas due to infections and foreign

antigens. Another form of delayed hypersensitivéycontact dermatitis (poison
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Ivy, chemicals, heavy metalsic.)in which the lesions are more popul&ype IV
hypersensitivity can be classified into three categs depending on the time of

onset and clinical and histological presentation.

Mechanisms of damage in delayed hypersensitivigjuoe T lymphocytes and
monocytes and/or macrophages. Cytotoxic T cells) (dguse direct damage
whereas helper T (TH1) cells secrete cytokines Wiictivate cytotoxic T cells,
recruit and activate monocytes plus macrophagesshwbause the bulk of the
damage. The delayed hypersensitivity lesions mainltain monocytes and a few

T cells.

Major lymphokines involved in delayed hypersendiiv reaction include
monocyte chemotactic factor, interleukin-2, intesfegamma, TNF alpha/beta,

etc.

Diagnostic tests vivoinclude delayed cutaneous react{eng. Montoux test) and
patch test (for contact dermatitis). In vitro tefstsdelayed hypersensitivity include
mitogenic responsdympho-cytotoxicity and IL-2 production. Corticostets and

other immunosuppressive agents are used in treatmen

4.0 CONCLUSION
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Hypersensitivity reactions are among the common umenresponses to

infections, disease or even invaders. The four kndypes of hypersensitivity

reaction can occur at different times or occasroresponse to changes happenings

to the body immune system.

5.0

6.0

SUMMARY

Hypersensitivity refer to excessive , undesiraldefdging, discomfort-
producing and sometimes fatal) reactions produgethb normal immune

system

Hypersensitivity reactions require a pre — sersitimmune state of the host

Hypersensitivity reactions can be divided into foypes: Type |, Type ii ,

Type iii and Type iv.

Frequently, a particular clinical condition (disepsnay involve more than

one type of reaction.

TUTOR  MARKED ASSIGNMENT

Explain hypersensitivity reactions in relation to immunayd discuss the

four different types of these reactions?
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1.0 INTRODUCTION

Immunodeficiency is a deficiency in the immune @EwE.
And according to Oxford mini dictionary for Nursethis can be
acquired, that is the condition, as in AIDS. Therether means by
which one can become immunodeficient which canda eesult of
aging or due to immunological changes. Therefore

immunodeficiency can be primary or secondary iuret

2.0 OBJECTIVE
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The main objective of this unit is to make abunflactear to you that
iImmunodeficiency is not only due to HIV/AIDS infemh but can be as a

result of aging or even immunological changes
3.0 MAIN CONTENTS

IMMUNODEFICIENCY

Immunodeficiency is the failure of the immune systéo protect against
disease or malignancy. Primary Immunodeficiency caused by genetic or
developmental defects in the immune system. Thefects are present at birth but
may show up later on in life. Secondary or acquirethunodeficiency is the loss
of immune function as a result of exposure to diseggents, environmental factors,

iImmunosuppression, or aging

3.1 SECONDARY (ACQUIRED) IMMUNODEFICIENCIES

Immunodeficiencies associated witinfections

Bacterial, viral, protozoan, helminthand fungal infections may lead to B cell, T
cell, PMN and macrophage deficiencies. Most promirsmong these is acquired
immunodeficiency syndrome (AIDS). Secondary immusfadencies are also seen

in malignancies.



Immunologic abnormalities in the AIDS

All acquired immunodeficiencies have been outdogeAtDS that is caused by

Human immunodeficiencyirus (HIV)-1. This virus was first discovered B8l

and the patients exhibited fungal infections wathportunistic organisms such as

Pneumocystis cariniand in other cases, with a skin tumor known as dsép

sarcoma. There are two major types of HIV: HIV-d&h the former being the
strain frequently found in North America. HIV isrspd through sexual intercourse,
infected blood and body fluids as well as from neotto offspring. HIV, which was
discovered in 1983, is a retrovirus with RNA thatréverse transcribed to DNA by
reverse transciptase (RT) following entry into tiedl. The DNA is integrated into
the cell genome as a provirus that is replicatedgbwith the cell. HIV-1 does not
replicate in most other animals but infects chingess although it does not induce
AIDS in them. Severe combined immunodeficient n{8€ID) reconstituted with
human lymphocytes can be infected with HIV-1. Th&/H virion consists of a
viral envelope made up of the outer lipid bilaydrtioe host cell in which are
embedded glycoproteins composed of the transmembgpdl along with the
associated gpl 20. The gp120 binds the CD4 exmremsenost cells. Within the

viral envelope is the viral core or nucleocapsitsisting of a layer of matrix
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protein composed of p17 and an inner capsid madef y24. The viral genome
consists of two single stranded RNA associated Rih molecules as well as

other enzymes including protease and an integrase.

Replication cycle and targets of therapy

The virus attaches to the CD4 molecule on Th cefisnocytes and dendritic cells
through thegp120 of HIV. For HIV infection, a co-receptor isquired. The co-
receptor is a chemokine receptor such as CXCR4 @RE CCR5, expressed
predominantly on macrophages, and CXCR4 @GD4+T cells serve as
coreceptors for HIV infection. After the fusion BV envelope and the host
membrane, the nucleocapgiters the cell. The RT synthesizes viral DNA wihic
Is transported to the nucleus where it integratiéls tie cell DNA in the form of a
provirus. The provirus can remain associated witpaired T-cell functions. Most
chemotherapeutic agent used for treatment of mafigies are also

iImmunosuppressive.

Other conditions in which secondary immunodeficieacoccur are sickle cell
anemia, diabetes mellitus, protein calorie maltiotri burns, alcoholic cirrhosis,

rheumatoid arthritis, renal malfunctiogtc,
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Primary immunodeficiencies are inherited defectshef immune system. These
defects may be in the specific or non-specific immumechanisms. They are
classified on the basis of the site of lesion ia developmental or differentiation

pathway of the immune system.

Individuals with immunodeficiencies are susceptitbea variety of infections

and the type of infectiodepends on the nature of immunodeficiency

Developmental defects in primary immunodeficiencies

Specific immune system

There are variety of immunodeficiencies which restdm defects in stem cell
differentiation and may involve T-ceiter B-cellspcdor immunogtobulins of

different classes and subclasses.

A defect in the early hematopoiesis which involsesm cells results in reticular
dysgenesis that leads to general immune defectsumsequent susceptibility to

infections. This condition is often fatal but vegye.

Lymphoid lineage immunodeficiency

If the lymphoid progenitor cells are defective,hgoth the T and B cell lineages

are affected and result in the Severe Combined Inudeficiency (SCID). Infants



suffer from recurrent infections especially by ogpaistic microorganisms

(bacterial, viral, mycotic and protozoan infectipns

In about 50% of SCID patients, the immunodeficiere-linked whereas in the
other half the deficiency is autosomal. Both ararabterized by an absence of T
cell and B cell immunity and absence (or very tawnters) of circulating T and B

lymphocytes. Thymic shadows are absenkerays.

The x-linked severe SCID is due to a defect ingamma-chain of IL-2 also shared
by IL-4, -7, -11 and 15, all of which are involvéd lymphocyte proliferation

and/or differentiation. The autosomal SCIDs arisgmprily from defects in

adenosine deaminase (ADA) or purine nucleoside gitmylase (PNP) genes
which results is accumulation of dATP or dGTP, extjvely, and cause toxicity to
lymphoid stem cells. Other genetic defects leadimgSCID include those for
RAG1, RAG2 and IL-7-alpha. If suspected of SCIDe {hatient must not receive

live vaccine, as it will result in progressing dise.

Diagnosis is based on enumeration of T and B cali immunoglobulin
measurement Severe combined immunodeficiency carrdaed with a bone
marrow transplant. Recently, autosomal SCID pagievith ADA deficiency have

been treated with a retroviral vector transfectét the gene with some success.



SCID includes several disorders

Patients having both T and B cell deficiency laekambinase activating genes
(RAG 1 and 2) that are responsible for the T celteptor and Ig gene
rearrangements. These patients are athymic andiagaosed by examining the T
cell receptor (TCR) gene rearrangement. DefectB iceils are not observed in
early infant life because of passive antibodiesinigid from the mother. NK cells

are normal.

In some SCID patients, T cells may be presentimdtionally defective because of

deficiency in signaling mediated by the CDS chéat is associated with the TCR.

3.3 Immunological Changes

The virus replicates rapidly and within about tweeks the patient may develop
fever. The viral load in the blood increases sigaiftly and peaks in two months,
after which there is a sudden decline becauseeofatent virus found in germinal
centers of the lymph nodes. CTL develop very earhereas antibodies can be
detected between 3 - 8 weeks. The CTL killing ofcElis around 4-8 weeks leads
to a decrease in CD4+ T cells. When the CD4+ T o@lint decreases below 200

per cubic mm, full blown AIDS develops.
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There are several barriers to development of atgife HIV vaccine.

Attenuated vaccine may induce the disease

CD4+ T cells may be destroyed by the vaccine

Antigenic variation of HIV

Low immunogenicity of the virus by downreguéat of MHC molecules

Lack of animal models

* Lack of in vitro tests

The following reagents have been considered in ddgping vaccines

 Immunization with deletion mutants to reduce patiragity

« Vaccination with recombinant proteins

«  Gene encoding proteins introduced into virestars may be used for

vaccination

« Chemokines that compete for the co-receptors

¢ |L-2 to boost the Th cell
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3.4 Immunodeficiencies associated with aging

These include a progressive decrease in thymiexottypo-cellularity of and
reduction in the size of thymus, a decrease in g3or cell function and hence
an increase in auto-reactivity, a decrease in C&8l% dunctions. By contrast B

cells functions may be somewhat elevated.

Immunodeficiencies associated with malignancies andather

diseases

B cell deficiencies have been noted in multiple foye. Waldenstrom's

macnsgiobulinemia. Chronic lymphocytic leukemia amdll differentiated
lymphomas. Hodgkin's disease and advanced solidrsirareinterteukin-2
receptor common gamma chain (IL-2Rvc) may be lagkim patients thereby
preventing signaling by IL-2,4,7,9 and 15. Theséigmés are T and NK cell

deficient.

Adenosine deaminase (ADA) is responsible for cotivgradenosine to inosine.
ADA deficiency leads to accumulation of adenosingioh interferes with DNA

synthesis. The patients have defects in T, B ancChlls.
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4.0 CONLUSION

Immunodeficiency can either be primary or secoydaquired in
which the body become vulnerable to all infectiomguding opportunistic
ones as it is unable to produce immunity agairfsictions or disease. This
situation can be as a result of immunological cleangs experienced in
HIV/AIDS infection or due to aging or genetic defean the immune

system.

5.0 SUMMARY

* Immunodeficiency is also referred to as immunéaiency

* It is the failure of the immune system to protéise body against

diseases or malignancy

* Immunodeficiency can be primary or secondary

* Primary deficiency is caused by genetic or depeiental defects in

the immune system

* Secondary immune deficiency is also referred t® a&cquired

deficiency
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6.0

7.0

Secondary deficiency results from exposure toeak® agents,

environmental factors, aging or immunosuppression.

TUTIOR MARKED ASSINGMENT

Define immunodeficiency and explain the differaratys by which it

can occur.
REFFERENCES

Brooker. C (2000) Mosby Nurses Poket Dictionary t3Eslition.

Harcourt Limited: London

www.google.com
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UNIT 4 AUTOIMMUNITY

CONTENTS

1. Introduction
2. Objectives
3. Main content
1. Definition and general classification
2. Etiology predisposition for autoimmunity
3. Diagnosis and treatment
4.  Models of autoimmunity diseases
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1.0 INTRODUCTION

This Unit handles the issue of Autoimmunity beingvery
iImportant aspect of immune response. Autoimmunay to do with
immunoglobulin’s (autoantibodies) or cell-mediateununity against
somebody components. It is a situation wherebyptas cell antigens
stimulate an immunological reaction within the bodyey include

136



Hashimoto’s thyrioditis, rheumatoid arthritis, hesytic anaemia and

Addison’s disease.
2.0 OBJECTIVE

The objective of this Unit is to demonstrate tAatoimmunity
IS an important aspect of immune response espeanalielation to

body infection and diseases.
3.0 MAIN CONTENT

3.1AUTOIMMUNITY
Definition
Autoimmunity can be defined as breakdown of meddrasi responsible for self
tolerance and induction of an immune response agaomponents of the self.
Such an immune response may not always be harmfvever, in numerous

autoimmune diseases it is well recognized that yetsd of the immune system

cause damage to the self.

Effector mechanisms in autoimmune diseases

Both antibodies and effector T cells can be invdlwe the damage in autoimmune

diseases.
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Genetic classification

Autoimmune diseases are generally classified onbdss of the organ or tissue
involved. These diseasasay fall in an organ-specific category in which the
immune response is directed against antigeagsociated with the target organ
being damaged or a non-organ-specific categoryhitlwthe antibody iglirected

against an antigen not associated with the targgdro The antigen involve in most

autammune diseases is evident from the disease.

Genetic predisposition for autoimmunity

Studies in mice and observations in humanggest a genetipredisposition for
autoimmune diseases. Association between certaiA types and autoimmune

diseases has been noted (HLA: B8, B27, DRR3, DR4, DR5efc.).

3.1 Etiology of autoimmunity disease

The exact etiology of autoimmune diseases is naiwkn However, various
theories have been offered. These include seqeestemtigen, escape of auto-

reactive clones, loss of suppressor cells, crosactin@ antigens including
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exogenous antigens (pathogens) and altered seljeast (chemical and viral

infections).

()  Sequestered antigen

Lymphoid ceils may not be exposed to some self gang during their

differentiation, because they may be late-develpgntigens or may be confined
to specialized organ®.g.,testes, brain, eyetc.).A release of antigens from these
organs resulting from accidental traumatic injuny surgery can result in the

stimulation of an immune response and initiatioofautoimmune disease.

(i)  Escape of auto-reactive clones

The negative selection in the thymus may not bly fuinctional to eliminate self
reactive cells. Not all self antigens may be repnésd in the thymus or certain

antigens may not be properly processed and prakente

(i) Lack of regulatory T cells

There are fewer regulatory T-cells in many autoimmdiseases

(iv) Cross reactive antigens
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Antigens on certain pathogens may have determinahniish cross-react with self
antigens and amnmmune response against these determinants may ttead
effector cell against tissue antigeri®ost stretococal nephritic and canditis,
anticardiolipin antibodies during syphilis aadsociation betweeKlebstella

and ankylosing spondylitis are examples of sucsreactivity.

3.3 (i) Diagnosis

Diagnosis of autoimmune diseases is based on synspnd detection of
antibodies reactive against antigens of tissuescafid involved. Antibodies
against cell/tissue associated antigens are detamfeimmunofluorescence.
Antibodies against soluble antigens are normallytected ELISA or
radioimmunoassay. In some cases, a biological Heioncal assay may be used

(e.g., Graves diseases, pernicious anemia).
(if) Treatment

The goals of treatment of autoimmune disorderstareduce symptoms and
control the autoimmune response while maintainimg hody's ability to fight
infections. Treatments vary widely and depend oa $pecific disease and

symptoms: Anti-inflammatory (corticosteroid) and nmnosuppressive drug
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therapy (such as cyclophosphamide, azathiopringpsgorine) is the present
method of treating autoimmune diseases. Extenggearch is being carried
out to develop innovative treatments which includeti-TNF alpha therapy
against arthritis, feeding antigen orally to trigg®lerance, anti-idiotype
antibodies, antigen peptides, anti-IL2 receptoibanties, anti-CD4 antibodies,

anti-TCR antibodies, etc.
3.4 Model of autoimmune diseases

There are a number of experimental and natural @nmodels for the study of
autoimmune diseases. The experimental models iackiperimental auto-

allergic encephalitis, experimental thyroiditisjuant induced arthritigtc.

Naturally occurring models of autoimmune diseasetude hemolytic anemia
in NZB mice, systemic lupus erythematosus in NZBZBW), BXSB and
MRL mice and diabetes in obese mice.

4.0 CONCLUSION

Autoimmunity is one of the immune responses of Huy to
diseases, infections, invaders or to immunologicelhanges. In

Autoimmunity, there is a breakdown of mechanisnpoesible for self
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tolerance and induction of an immune response agaomponents of the

self.

5.0. SUMMARY

6.0

7.0

Autoimmunity is the breakdown of mechanisms respole for self
tolerance and induction of an immune response agawmmponents

of the self.
Autoimmune response may not be harmful e.g adidm

However, product of autoimmune response may caaseage to the

self unexpectedly.
Etiology of autoimmunity is not known

Autoimmune disease can be diagnosed and treatid) unodels of

autoimmune diseases
TUTOR MARKED ASSSIGNMENT

Discuss autoimmunity in terms of definition, cldissition, etiology,

diagnosis and treatment.
REFERENCES

Brook. C (2000) mosby Nurse’s pocket dictionaryst3Edition.

Harcourt publishers limited: U:k.
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1. INTRODUCTION

The module is discussing generally the issue of umensystem
disorders and possible treatment. The First unitth&f module dwells
specifically on the disorders of the T cell, andntbraces such aspects as T-
cells deficiencies, Di George’s Syndrome, disoradr8 lymphocytes, non-

specific immune system and the disorders of compidraystem.

2. OBJECTIVE

This unit intends to x-ray the various disordersha T-cells the and

various available treatment for your awareness.

3. MAIN CONTENTS

3.1 Di George’s syndrome (Deletion 22 syndrome)

This is the most clearly defined T-cell immunodeficy with
hyperparathyroidism. The syndrome IS associated h wit
hyperparathyroidism, congenital heart disease,detnnotched ears and fish
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shaped mouth. These defects results from abnorealapment of the
fetus during the 6th to 10th week gestation whemtpgroid, thymus, lips,
ears and aortic arch are being formed. No genetidigposition is clear and
not all Di George syndrome babies have thymic agpla& thymic graft
taken from an early fetus (13-14 weeks of gestaticen be used for
treatment. Older grafts may result in GVH reactiom severely
immunodeficient Di George patients, live vaccinesyngcause progressive

infections.

Di George syndrome is autosomal dominant and isethby a deletion in
chromosome 22. The deletions are of variable sige dive does not
correlate with severity of disease. In about 6%cades, the choromosome
22 microdeletion is inherited but most cases relsalh de novo deletion

which may be caused by environmental factors.

3.2 T cell deficiencies with variable degrees B cell deficiency

1. Ataxia-telangiectasia

Ataxia-telangiectasia a deficiency of T cells associated with a lack

of small blood vessels of the facial area (talectgigs). T-cell and their
functions reduced to various degree. B (in 70%hef ¢ase). There is high

incidence of malignancy, particularly leukmiasthese patients, the defects
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arise from a breakage in chromosome 14 at theo§ile®CR and Ig heavy

chain genes.

2.  Wiskott-Aldrich syndrome

This syndrome associated with normal T cell numberth reduced
functions. Which get progressively worse. IgM cartcation are reduced

but igG levels are normal. Both igA and igE levals elevated.

Boys with this syndrome develop severe eczemachetddue to platelet
defect and thrombocytopenia). They respond pooolypblysaccharide
antigens and are prone to pyogenic infection. Wisktmirich syndrome is

an X-linked disorder due to defect in a cytoskelghacoprotein, CD43.

3. MHC deficiency (Bare leukocyte syndrome)

A number of cases of immunodeficiency have beenrde=] in which there
Is a defect in the MHC class Il transactivator {[i3) protein gene, which
results in a lack of class-Il MHC molecule on th&RPC. Since the positive
selection of CD4 cells in the thymus depend onpitesence of these MHC
molecules, these Patients Associated Protein (B&R¢ and hence express

the class-| MHC molecules and consequently areigefiin CD8+ T cells.

3.3 Disorders of B Lymphocytes
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There are a number of diseases in whicbll numbers functions are
normal but immunoglobulin levels are low. These lanefly summarized

below.

4.  X-linked infantile hypogammaglobulinemia.

X-linked hypogamaglobulinemia, also referred to aBruton’s
hypoglobulinemia or agammaglobulinemia, is the mosevere
hypogammaglobulinemia in which B cell numbers aldnamunoglobulin
levels are very low. The patients have failure oCBLL maturation
associated with a defective B cell tyrosine kinés&) gene. Diagnosis is

based on enumeration of B cells and immunoglobulasurement.

5.  Transient hypogammaglobulinemia

Children, at birth, have igG levels comparable hattof the mother.
Because the half life of igG is about 30 days/eigel gradually declines,
but by three months of age normal infants begirsyothesize their own
IgG. In some infants, however, igG synthesis maybagin until they are 2
or 3 years old. This delay has been attributeddor oI cell help. This
results in a transient deficiency of IgG which dantreated with gamma-

globulin.

6. Common variable hypogammaglobulinemia (Late onset

hypogammaglobulinemia)
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These individuals have acquire deficiencies of &yl IgA in the 2nd or
3rd decade of their life and are susceptible targety of pyogenic bacteria
and intestinal protozoa. The y should be treateith wpecially prepared

gamma-globulin for intravenous use.
7. IgA deficiency

IgA deficiency is the commonest of all immunodediaties (1/700 of all
caucasians). About 20% of individuals with IgA defncy also have low
IgG. IgA-deficient infections. Patients with IgA fa@ency have a high
incidence of autoimmune diseases (particularly imenaomplex type) and
lymphoid malignancies. Anti-IgA antibodies (IgA)eadetected in 30 to 40
percent of patients who should not be treated Witflobulins. Laboratory

diagnosis is based on IgA measurement.
8.  Selective IgG deficiency

Deficiencies of different IgG subclasses have beemd. These

patients are susceptible to pyogenic infections.

9.  Hyper-IgM immunodeficiency

Individuals with this type of immunodeficiency haview IgA and IgG
concentrations with abnormally high levels of IgWhese patients cannot make a

switch from IgM to other classes which are attréalito a defect in CD40L on their



CD4 cells. They are very susceptible to pyogenfeation and should be treated

with intravenous gamma-globulins.

3.4 Non-specific immune system

Primary immunodeficiencies of the non-specific immawsystem include defects in

phagocytic and NK cells and the complement system

10. Defects of the phagocytic system

Defects of phagocytic cells (numbers and/or funjocan lead to increased

susceptibility to a variety of infections.

11. Cyclic neutropenia

This is marked by low numbers of circulating neptrb approximately every three
weeks. The neutropenia lasts about a week duringchwithe patients are
susceptible to infection. The defect appears todbe to poor regulation of

neutrophil production.

12. Chronic granulomatous disease (CGD)
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CGD is characterized by marked lymphadenopathy, hegalEnomegaly and
chronic draining lymph nodes. Leukocytes have pgotacellular killing and low
respiratory burst In majority of thegmtients, the deficiency is due to a defect in
NADPH oxidase (cytochrome b558: gp91phox, or raggl@2phox) or other cofactor
proteins (gp47phoxp67phoxthat participate in phagocytic respiratory burdie3e
patients can be diagnosed on the basis or poor Nitrobluszetium (NBT)
reduction which is a measure of respiratory buisterferon-gamma therapy has

been successful

13. Leukocyte Adhesion Deficiency

In this disease, leukocytes lack the complementpier CR3 due to a defect in
CD11 or CD18 peptides and consequently they cargsgond to C3b opsonin.
Alternatively there may be a defect in integrin gwlles, LFA-1 or mac-1 arising
from defective CD1la or CD11b peptides, respedtivAlhese molecules are
involved in diapedesis and hence defective neutl®gannot respond effectively

to chemotactic signals.

14. Chediak-Higashi syndrome
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Chediak-Hjgasnsyndrome is marked by reduced (slower rate) ietfalar killing

and chemotactic movement accompanied by inabifitpgh@gosome and lysosome
fusion and proteinase deficiency. Giant lysosonmsagellular granules) are often
seen. The respiratory burst is normal. Accompanyiikgcell defects and platelet

and neurological disorders are noted.

Disorders of complement system

Complement abnormalities also lead to increasedeibility to infections. There
are genetic deficiencies of various componentsoofement system, which lead
to increased infections. The most serious amongethe the C3 deficiency which

may arise from taw C3 synthesis or deficiency ttdal or factor H.

15. CONCLUSION

The immune system disorders phenomenon is not asuah thing as the
disorders are recorded in different forms such iaGé&vre’s and like the T-

cells; and the form of diseases, and disorderowiptement system and of
non-specific immune systems. In simple language ithmune system

disorders are common occurrences.

16. SUMMARY
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Immune system disorders occur as a result of deétom the norm

T-cell deficiency is one of the disorders otheréll-disorders include B-cell

deficiency, Di-George’s, wiskott-Aldrich and oth®mdromes

17. TUTOR MARKED ASSIGNMENT

Discuss the issue of disorders of the T-cells

18. REFERENCES

www.google.com
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1. INTRODUCTION
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Apart from the disorders of the T-cells discussednit 1 of this
module, other forms of disorders do exist but tmeght not be as
common as the ones earlier mentioned and theydacAutoimmune
diseases, transplant rejection and Allergies: Tlaaselikely cases that
you will come across in the course of dischargiagryduties in the field
and that is the more reason why you need to famziéayourself with
them all, particularly the Allergies and Autoimmudiseases. There is

also the possibility of transplant rejection

2. OBJECTIVES

The main objective of this unit is to make you isathat there are other
disorders of the immune system aside the onesslisdun unit 1 of this

module.

Disorders of the immune system can range fromebe $erious, such as
mild allergy, to thelife threatening, such as more serious allergy,

transplant rejection, immune deficiencies, and iautaune diseases.

3.1 Allergy

Allergy, sometimes called hypersensitivity, is cadisby immune
responses to some antigens. Antigens that provolalergic response

are known asllergens.The two major categories of allergic reaction,
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rapid and delayed, correspond to the two major gypé immune

responses.

Rapid allergic reactionssuch as those to Bee venom, pollen or pets, are
caused by humoral immune mechanisms. These immediate
hypersensitivity reactions result from the prodoctof IgE antibodies
when a person is first exposed to an allergen.l§Beantibodies become
attached tomast cells—white blood cells containindnistamine, the
chemical that causes the familiar allergic symptoofisrunny nose,
watery eyes, and sneezing. Mast cells paeticularly abundant in the
lungs and intestine. If the antigen-binding sitésmast cells become

filled with an allergen, the mast cells releas¢amsne.

Allergic reactions that are slow in onset (known @elayed-type
hypersensitivitypr DTH), such as those to poison lvy or poison oak, are
cell mediated. Extreme examples of DTH ocaumhen macrophages
cannot easily destroy invading substances. As altre3-cells are
activated, leading to inflammation of the bodyuissThis inflammation
continues for as lon@s the T cells are activated. The bacterium that
causes tuberculosis also falls into this categagabse this bacterium is
covered with a waxy coat that macrophages canrsitale Theresulting

DTH leads to the lung and liver damage associaidttwberculosis.
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3.2 Transplant Rejection

The immune system recognizes and attacks anythifegedht from the
substances normally present within an individuagnesubstances that

are only slightly different, such as transplanisdues and organs.

When an organ is transplanted, the MHC of the damgan is recognized
as foreign andhttacked by the recipient's immune system. To mzemi
the chances of transplant rejectigohysicians seek transplant donors
who share as many MHC genes as possible witlrémsplant recipient.
Even then, most transplant recipients are givemgsito suppress their

Immune response and prevent rejection of the ttansp

If the transplanted tissue contains T lymphocytesifthe donor, as
in bone marrow transplants, these donor T lymplexcyhay recognize
the recipient's tissues as foreign atthck them. Physicians can reduce
or prevent this potentially fatajraft-versus-host (GVHjeaction by
removing all mature T Ilymphocytes from the organ tsisue before

performing thdransplant.

3.3Immune Deficiency
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Deficiencies in immune function may be either inteer or acquired.
Inherited immune deficiencies usually reflect thgure of a gene important

to the generation or function mhmune system components.

Some inherited diseases damage a person's innateniy by
making macrophages incapable of ingesting or brgpldown
invading organisms. Individuals affected by thedseases are
especially susceptible toopportunistic Infectionsthat s,
infections by normallyharmless organisms that can flourish in a

person whose immune system has been weakened.

DiGeorge syndrome is an inherited immune disordewlich a
person has no thymus anherefore, cannot produce mature T
lymphocytes. People with this disorder can moury déimited
humoral immune responses, and their cell-mediatechune

responses are severdimited.

The most extreme example of a hereditary immuneidety is
severe combined immunodeficiency (SCID). Individuaiith this
disease completely lack both T and B lymphocytes thas have

no adaptive immune responses. People with SCID ihuestin a
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completely sterile environment, or else they wiliakly die from

infections.

Acquired immune deficiencies can be caused by fitfles and also
other agents. For example, radiation therégge Radiology) and

some kinds of drugs used in treating disease redymsghocyte

production, resulting in damaged immune functioeofte undergoing
such therapies must be carefully monitored for l@gemmune function
and susceptibility to infections. Environmental difeistyle factors, such as

poor nutrition or stress, can also affect the imensiystem's general status.

An infectious agent resulting in fatal immune deficy is the human

immunodeficiency virus (HIV). This virus causes acquired
immunodeficiency syndrome (AIDS) by infecting angertually
destroying helper T cells. Because helper T cedigulate all
immune responses, their loss results in an ingbiid make
adaptive Immune responses. This complete lack ofhune
function makes individuals with AIDS highly suscigbd to all

infectious agents.

3.4 Autoimmune Diseases
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Autoimmunityis the immune response of the body turned agaissiwn
cells and tissues. Autoimmune diseases may inveither cell-mediated
responses, humoral responses, or both. For exampigpe 1 diabetes, the

body makes an immune response againsingalin-producing cells and

destroys them, with the result that the body camusat sugars, in
myasthenia gravis; the immune system makes angloagainst
the normal molecules that control neuromusculaiviggt causing
weakness and paralysis. In rheumatic fever, the umemsystem
makes antibodies that bind to the heart's valveadihg to
permanent heart damage. In systemic lupus erytlosust
commonly known as lupus, the body makes antibodigsinst

many different body tissues, resulting in widesdregmptoms.

The mechanisms of autoimmune diseases are poodgrsiood,
and thus the basis for autoimmunity is unclear. Muesearch
focuses on trying to understand these mechanisnds saould

eventually result in cures.

3. CONCLUSION
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It is crystal clear that disorders are possible aadnal occurrence in the
Immune system and apart from the common ones, fafmtssorders also
into other conditions such as Allergy, Transplajéction and Autoimmune

diseases and immudeficiency

4.  SUMMARY

Apart from T-cells disorder, other disorders alstcw in the immune

system

These other possible disorders include;

1. Immune deficiency

2.  Allergy

3.  Transplant rejection

4, Autoimmune diseases

5.  TUTOR MARKED ASSIGNMENT

List and discuss other possible disorders in th@ume system apart from

T-cell disorders
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1.0 INTRODUCTION
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This Unit discusses the various cells that arelied in the activities
of the immune system as well as the specificity adfptive immune
response alongside lymphocyte recirculation. This fwrther explains and
complement facts and opinions discussed in thedaottory part of this

module in relation to the disorders of the T-cells.

This unit is also set to give clarifications on maaspects of the other
disorders mentioned in Unit 2 of this same Moduleid going to make an

Interesting reading to you.

2.0 OBJECTIVE

The main objective is to clarify some areas oflatdn the previous
Units of this module and re-assure you of bettelewstanding of the subject

matter in this Unit.
3.0 MAIN CONTENTS
3.10VERVIEW

The immune system has developed to protect thefrlenstpathogens
and other foreign substances. Self/non-self discation is one of the
hallmarks of the immune system. There are two si##s where pathogens

may reside: extracellularly in tissue spaces aaaaflularly within a host

164



cell and the immune system has different ways alfirlg with pathogens at

these sites.

A. Extracellular pathogens

Antibodies are the primary defense against extiidaeelpathogens and they

function in three major ways:

1 . Neutralization

By binding to the pathogen or foreign substancébadies can block the
association of the pathogen with their targets. &ample, antibodies to
bacterial toxins can prevent the binding of theirtao host cells thereby
rendering the toxin ineffective. Similarly, antibodbinding to a virus or
bacterial pathogen can block the attachment opétleogen to its target cell

thereby preventing infection or colonization.
2. Opsonization

Antibody binding to a pathogen or foreign substames opsonize the
material and facilitate its uptake and destrucbgrphagocytic cells. The Fc
region of the antibody interacts with Fc receptors phagocytic cells

rendering the pathogen more readily phagocytosed.

3. Complement activation



Activation of the complement cascade by "antibody cesult in lysis of
certain bacteria and viruses. In addition, some pmrants of the
complement cascade.g.C3b) opsonize pathogens and facilitate their uptake

via complement receptors on phagocytic cells.

Antibodies binding to and neutralizing a bactertakin, preventing it from
interacting with host cells and causing pathologypbound toxin can react with
receptors on the host cell, whereas the toxin adfitcomplex cannot. Antibodies
also neutralize complete virus particles and beadteells by binding to them and
inactivating them. The antigen: antibody complexeigentually scavenged and
degraded by rnacrophages. Antibodies coating ageantender it recognizable as
foreign by phagocytegmacrophages and polymorphonuctear leukocytes),

which then ingest and destroy it; this is calledapzation.

Activation of the complement system by antibodieatmg a bacterial cell. Bound
antibodies form a receptor for the first proteintioé complement system, which
eventually forms a protein complex on the surfat¢he bacterium that in some
cases, can kill the bacterium directly but more egally favors its uptake and
destruction by phagocytes. Thus, antibodies tapg#hogens and their products

for disposal by phagocytes.
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B. Intracellular pathogens

Because antibodies do not get into host cells, #neyineffective against
intracellular pathogens. The immune system usafeaant approach to
deal with these kinds of pathogens. Cell-mediatespaonses are the
primary defense against intracellular pathogens #oed approach is
different depending upon where the pathogen resmése host cel(i.e.

in the cytosol or within vesicles). For example,singiruses’ bacteria
reside in the cytoplasm of the host cell, howeweme bacteria and
actually live within endosomes in the infected hostl. The primary
defense pathogens in the cytosol is the cytotoxtgniphocyte (Tc or
CTL). In contrast, th@rimary defense against a pathogen within vesicles

IS a subset of helper T lymphocv{dshl).

1. Cytotoxic T lymphocytes

CTLs are a subset of T lymphocytes that expressigue antigen on their
surface called CDS. These cells recognize antifyensthe pathogen that are
displayed on the surface of the infected cell anitl the cell thereby
preventing the spread of the infection to neightmprcells. CTLs kill by

inducing apoptosis in the infected cell.

2. Th 1 Helper T cells
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Th cells are a subset of T cells that express guenantigen on their surface
called CD4. A subpopulation of Th cells, Thl ceitsthe primary defense
against intracellular pathogens that live withirsiges. Thl cells recognize
antigen from the pathogen that are expressed osulfie@ce of infected cells
and release cytokines that activate the infectdd Cace activated, the
infected cell can then kill the pathogen. For ex@mplycobaclerium
tuberculosisthe causative agent of tuberculosis, infects maages but is
not killed because it blocks the fusion of lysosemeéth the endosomes in
which it resides. Thl cells that recognilee tuberculosisantigens on the
surface of an infected macrophage can secrete iogkthat activate
macrophages. Once activated the lysosomes fuseemithsomes and thé

tuberculosidacteria are killed.

Although immune responses are tailored to the pathand to where the
pathogen resides, pathogens can elicit both abaaytiand a cell-mediated
response, both of which may contribute to riddimg host of the pathogen.
However, for any particular pathogen an antibody aorcell-mediated

response may be more important for defense aghmgathogen.

3.2 Il Cells of the Immune System

All cells of the immune system originate from a laopoietic stem cell in

the bone marrow, which gives rise to two major dipes, a myeloid
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progenitor cell and a lymphoid progenitor cell. $ddwo progenitors give
rise to the myeloid cells (monocytes, macrophagesndritic cells,
meagakaryocytes and granulocytes) and lymphoid €€lcells, B cells and
natural kiUey (NK) cells), respectively. These sethake up the cellular
components of the innate (non-specific) and adap(specific) immune

systems.

1. Cells of the innate immune system

Cells of the innate immune system include phagocytells
(monocyte/macrophages and PMNs), NK cells, basgphiast cells,
eosinophiles and platelets. The roles of theses delve been discussed

previously (see_non-specific immunityThe receptors of these cells are

pattern recognition receptors (PRRs) that recogmiaad molecular patterns

found on pathogens (pathogen associated moleattarps, PAMPS).

Cells that link the innate andadaptive Immune system

A specialized subset of cells called antigen prtasgrcells (APCs) are a

heterogenous population of leukocytes that playngortant role in innate
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immunity and also act as a link to the adaptive imensystem by participating

in the activation of helper T cells (Th cells). She

Include dentritic cells and macrophages. A charafitefeature of APCs is the
expression of a cell surface molecule encoded hyegen the major
histocompatibility complex, referred to as class MHC molecules. B
lymphocytes also express class I| MHC moleculesthrg also function as
APCs, although they are not considered as paheoinnate immune system.
In addition, certain other celle.g.,thymic epithelial cells) can express class

I MHC molecules and can function as APCs.

C. Cells of the adaptive immune system

Cells that make up the adaptive (specific) immuwstesn include the Band T
lymphocytes. After exposure to antigen, B celléedédntiate into plasma cells
whose primary function is the production of antilesd Similarly, T cells can
differentiate into either T cytotoxic (Tc) orT help(Th) cells of which there

are two types Thl and Th2 cells.

There are a number of cell surface markers that used in clinical

laboratories to distinguish B cells, T cells aneiitisubpopulations.

lll. Specificity of the Adaptive immune Response

170



Specificity on the adaptive immune response resitéise antigen receptors
on T and B cells, the TCR and BCR, respectivelye TICR and BCR are
similar in that each receptor is specific for onagenic determinant but they
differ in that CRs are divalent while TCRs are maalent. A consequence of
this difference is that while B cells can have itheitigen receptors cross-
linked by antigen, TCRs cannot. This has implic&ti@as to how B and T

cells can become activated.

Each B and T cells has a receptor that is uniquefparticular antigenic
determinant and there are a vast array of diffeaatigen receptors on both
B and T cells. The question of how these receoesgenerated was the
major focus of immunologists for many years. Twaibdypotheses were
proposed to explain the generation of the receptttrs instructionist

(template) hypothesis and the clonal selection tingsis.

1. Instructionist hypothesis

The instructionist hypothesis states that thereniy one common receptor
encoded in the germline and that different receptoe generated using the
antigen as a template-would cause the one commneeptoz to be folded to fit
the antigen. While this hypothesis simple and vappealing, it was not
consistent with what was known about protein fajdis dictated by the

sequence of amino acids in the protein). In addifiypothesis did not
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account for self/non-self discrimination in the inme system. It could not

explain why the one common receptor did not folwhad self antigens

2. Clonal selection hypothesis

The clonally selection hypothesis states that teengline encodes many
different antigen receptors - one for each antgeleterminant to which an
individual will be capable of mounting an immunepense. Antigen selects
those clones of cells that have the appropriateptec. Thefour basic

principles of the clonally selection hypothesis are

a. Each lymphocyte bearsiagletype of receptor with a unique specificity.

b. Interaction between a foreign molecule and glyoeyte receptor capable

of binding that molecule with a high affinity leattslymphocyte activation.

c. The differentiated effectors cells derived framactivated lymphocyte will
bear receptors of an identical specificity to thofe¢he parental cell from

which that lymphocyte was derived.

d. Lymphocytes bearing receptors for self molecalesdeleted at an early
stage in lymphoid cell development and are theeefabsent from the

repertoire of mature lymphocytes.

The clonal selection hypothesis is nhow generallgepted as the correct

hypothesis to explain how the adaptive immune gysiperates. It explains
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many of the features of the immune response: 1)sthexificity of the
response; 2) the signal required for activatiothefresponség.e. antigen); 3)
the lag in the adaptive immune response (timegsired to activate cells and

to expand the clones of cells); and 4) self/nohesstrimination.

1. IV. Lymphocyte Reclrcuiation

Since there are relatively few T or B lymphocyteshva receptor for any
particular antigen (1/10,000 - 1/100,000), the ceanfor a successful
encounter between an antigen and the appropriabphigcyte are slim.
However, the chances for a successful encountegraetly enhanced by the
recirculation of lymphocytes through the seconddyynphoid organs.
Lymphocytes in the blood enter the lymph nodes @erdolate through the
lymph nodes. If they do not encounter an antigethe lymph node, they
leave via the lymphatics and return to the bloa thie thoracic duct. It is
estimated that 1-2% of lymphocytes recirculate every hour. If the
lymphocytes in the lymph nodes encounter an antigémch has been
transported to the lymph node via the lymphatios,dells become activated,
divide and differentiate to become a plasma cdllpf Tc cell. After several
days the effector cells can leave the lymph nodasthe lymphatics and
return to the blood via the thoracic duct and theake their way to the

infected tissue site.
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Naive (virgin) lymphocytes enter the lymph nodesirthe blood via High
Endothelial Venules (HEVS) Homing receptors onlyimephocytes direct the
cells to the HEVs. In the lymph nodes, lymphocyteth the appropriate
antigen receptor encounter antigen, which has braesported to the lymph
nodes by dendritic cells or macrophages. Aftervattn the lymphocytes
express new receptors that allow the cells to |&a&dymph node and reenter
the circulation. Receptors on lymphocytes recogneleadhesion molecules
expressed on endothelial cells near the site ahf&ation and chemokines

produced at the infection site help attract thevatgd cells.

4.0 CONCLUSION

It is a well established fact that certain cefish® body are involved
In the activities of the immune system, particylalinmune responses
through specific processes and methods which iecladutralization,
opsonization, complement activation, lymphocytectdation etc. The chief
of the cells involved in immune responses are tlaad B cell as well as the

helper Th cells (Th 1 and The 2)

5.0 SUMMARY

* Certain body cells are involved in immune resps

* Cells involve in immune responses include T anddlls as well as
helper The cells which comprise of Th 1 and ThZscel
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6.0

(A)

(B)

(©)

7.0

Processes of immune response include neutraizatbpsonization,

complement activation, lymphocyte recirculation etc

TUTOR MARKED ASSIGNMENT

What do you understand by immune responses?

Discuss processes and methods involved in inenmagsponse

Mention the 4 cells involve in the processes

REFERENCE

www.google.com.
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1. INTRODUCTION

Broker (2000) describes vaccines as an extractapedpfrom attenuated
organisms where as Martin (2003) says it is a spgoieparation of
antigenic material that can be used to stimulageptioduction of antibodies
and thus confer active immunity against a specifsease or a number of
diseases. Many vaccines are produced by culturexggeba or viruses.
Other vaccines consist of specially treated toxin®f dead bacteria. The

processed organisms losses its virulence but eei@imntigenic nature.

2. OBJECTIVE

To understand what raccine are, and how they aceluped in the

laboratory by scientists.

3. MAIN CONTENTS

1. DEFINITIONS.

According to Coventry (1999) vaccines is a substansed to stimulate

production of antibodies to give immunity againstliaease by causing a
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mild form of it. Broker (2000) sees vaccines aseatract prepared from
attenuated organisms e.g. BCG, rubella bacteritndor.g. tetanus and
inactivated virus e.g. typhoid. The antigenicitytbé organisms is retained
but the pathogenicity is reduced. Martin (2003)ssagccine is a special
preparation of antigenic materials that can be utedstimulate the
development of antibodies and thus confer activenumty against a
specific disease or a number of diseases. It iallysgiven by injection but
may be introduced into the skin through light sdnas for some diseases
e.g. Polio. Many vaccines are produced by cultutagteria or viruses
under conditions that lead to a loss of their @ngde but not of their
antigenic nature. Others consist of specially gédbxins (toxoids) or dead

bacteria that are still antigenic

TYPES OF VACCINE

1. Live attenuated vaccines contain bacteria or vsubat have been

altered so they can’t cause disease.

2. Killed vaccines contain killed bacteria or inacte@ viruses.

3.  Toxoid vaccines contain toxins (or posions) produicg the gem that

have been made harmless

4.  Component vaccines contain parts of the whole baabe viruses.
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LIVE ATTENUATED VACCINES

Live attenuated vaccines usually produced frormtdterrally occurring gem
itself. The gems used in these vaccines still nétt people, but they rarely
cause serious disease. Viruses are weakened att¢éouatted) by growing
them over and over again in a laboratory underisbing conditions called
cell culture. The process of growing a virus repditalso known as
passing-serves to lessen the disease-causingy afilihe virus. Vaccines
are made from viruses whose disease-causing ah#gydeteriaorated from

multiple passages e.g

1. Mumps vaccine (MMR vaccine)

2. Rubella (German measles) vaccine (MMR vaccine)

3. Oral polio vaccine (OPV)

4.  Varicella (chickenpox) vaccine

Inactivated (killed) vaccines :- cannot cause dadton, but they still can
stimulate a protective immune response. Viruses iaaetivated with

chemicals such as formaldehyde.

Examples of inactivated (killed) vaccines

1. Inactivated polio vaccine (IPV), which is the shotm of the polio

vaccine
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2. Inactivated influenza vaccine

Toxoid vaccines

Toxoid vaccines are made by treating toxins (orsipois) produced by
germs with heat or chemicals, such as formalingdestroy their ablity to
cause illness. Even though toxoids do not causmasés they stimulate the

body to produce protective immunity just like threrms’ natural toxins.

Examples of toxoid vaccines:

1. Diphtheria toxoid vaccine (may be given alone orcme of the

component in the DTP, DT aP, or dT vaccines)

2.  Tetanus toxoid vaccines (may be given alone oraasqs DTP, DT

aP, or dT)

Component vaccines

Some vaccines are made by using only parts of theses or bacteria.
These vaccines cannot cause disease, but theyticanase the body to
produce an immune respone that protects agairsttiah with the whole

germ. Four of the newest vaccines are made this way

Examples of component vaccines:

1. Haemophilus influenzea type b (Hib) vaccine
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2. Hepatitis B (Hep B) vaccine

3. Hepatitis A (Hep A) vaccine

4. Pneumococcal conjugated vaccine

1. VACCINE FOR USE IN IMMUNIZATION

The following are included in the National Prograenon Immunization

(NPI)

1. Bacilli Calomette Guerin (BCG) (anti-tuberculouseme)

2.  Oral Poliomyelitis Vaccine (OPV)

3. Diphtheria, Pertussis, Tetanus (DPT) vaccines

4, Measles Vaccine

5. Tetanus Toxoid (TT)

0. Yellow fever vaccine

7. Hepatitis B

8.  Cerebro-Spinal Meningitis (CSM)

3.1.1 Bacille Calmette Guerin (BCG) (anti-tuberculais vaccine)
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BCG vaccine contains a live attenuated from of nygoberium bovis. It is
one of the most widely used vaccines in the wdnld,its efficacy is still the
subject of scientific discussion. Uncertainty abtha effectiveness of BCG
Is in part the consequence of a lack on unifornmtyolices for the use of

the vaccines. Nigeria’s policy on BCG immunizatisiased on:

1. Operational considerations

Tuberculosis is a major health problem ion NigeBacause of the high
prevalence of the disease and the high risk of rtuth@sis infection in
infancy, Nigeria’s policy is to immunize infants twiBCG as early as
possible. The efficacy of BCG vaccine is controxr£fficacy may vary
from one country to another because of differemcdle protocols used to
administer the vaccine and as a consequence oérehifes in the

epidemiology of tuberculosis in diverse populations

In Nigeria, BCG is given in the neonatal period whiee risk of infection is
still low, so as to provide protection against taiy (disseminated)
tuberculosis and tuberculous meningitis-two fornhigshe disease that are

often fatal in childrenhood.

The global AIDS epidemic is another reason for meec@nding that infants
be given BCG at birth or soon after. By reducing ttumber of people at

risk for infection, the spread of multi-drug reaist organisms can be
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slowed. Immunization should be supported by comtyuoontrol efforts

with an emphasis on case finding and treatment.

3.1.2 Oral Poliomyelitis Vaccine (OPV)

Oral poliomyelitis vaccine (OPV) is included in thigeria Expanded
programme on immunization because it effectivelynfers intestinal
iImmunity, is low cost and easy to administer. Tlaeome contains three
different types of attenuated live virus (types &/l 3). As the vaccine
contain live viruses, it has the potential to casseondary infections in
household and communities. This effect is bendfi@ad helps in

maintaining protective levels of antibodies in thegcondarily infected.

Seroconversion rates following the recommended doges of OPV
have been lower in many developing countries thanindustrialized
countries. The reason for this is not fully undeost but may be related to
infections with other viruses that interfere withet poliovirus. Low

seroconversion can be overcome by administerirdjtiadal doses of OPV.

In Nigeria, the first does of OPV should be givanbath and this is

followed by three doses during the first life.

The efficacy of three doses of OPV in developingrtdes is between 72%
and 98%. This means that some cases will occur evéuly immunized

persons, particularly in polio endemic countrieshwonly three doses of
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OPV in their routine schedule. For this reason,eNayprovides four doses

per child to assure 100% efficacy, as recommenga/iHO.

In many area routine immunization alone may nosuiécient to eradicate
wild poliovirus. Supplementary activities may becegsary. Strategies for

use in Nigeria include:

Using OPV in state and LGA immunization campaignthwhe goal of
giving two doses of OPV one month apart to all dfteih under 2 years of

age regardless of previous immunization status.

After campaign, care must be taken to assure thett ehild receives the
full number of doses (four doses) required for imimation. These

additional doses can be given later at state el

“mop up” immunization programme in high risk are@th health personnel

going from house-to-house to ensure total coverage.

Attention to outbreaks with extensive immunizatiactivities where

suspected cases are detected.

3.1.3 Diphtheria Pertussis Tetanus (DPT) vaccine
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Diphtheria and tetanus toxoid have change ven ldaver the years. They
are known to be excellent antigens that have loatogenicity and are

appropriate for preventing these diseases in Nigeri

The diphtheria and tetanus toxoid are suppliedhasovalent vaccines or
as components of combined vaccines such as DPBMATTT. The Nigeria
programme uses DPT to immunize children and theovaent TT for

women in their reproductive years and for oldetdrkn and adults at risk

for tetanus.

Pertussis vaccine is a component of the combinetl @fcine. There is a
very high morbidity and mortality caused by perisigs the first six months
of life and because of this, every effort shouldrbade to cpmplete the

primary immunization series with DPT vaccines atyess possible.

Community-based studies in Nigeria have shown thean age of
incidence of pertussis is very low and the casdifatrate high. Three doses
of DPT vaccine are required to produced significantunity against

pertussis.

In special populations such as health care prosided school age children,
supplemental doses of DPT may be given where tineaeneed to reduce
the risk of exposure to pertussis by newborns, onimized children at

home and other high risk patients.
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The currently available pertussis vaccine contaum®le pertussis
bacteria killed by chemicals or heat. The vaccmesafe but is the most
reatogenic of the EPI vaccines. The reactions amemglly limited but
without proper counseling they can cause alarmaanxiety for parents and
thus contribute to high dropout rates for EPI. @ntrevidence does not
support a causal link between DPT immunization aadere neurologic

conditions but this concern has been highly pubsdi

In very rare instances, DPT immunization may pnéaie acute
encephalopathy with hypotonic, hyporesponsive &a@so Trials are
underway serve more years. When it does becomthblaiit is likely to be

very expensive.

3.1.4 Measles Vaccine

Measles is a highly infectious viral disease and the biggest killer among
the EPI target diseases. In the absence of vammnaiearly everyone
contracts measles and in Nigeria most unvaccinetédren will contact
measles before their fifth birthday. The median afmfection is less than

24 months.

There are several different types of live - attéedameasles virus strains

available for use in vaccines (Schwarz, Edmonstagré&b, AIK-C, CAM-
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70, L-16 and Moraten strains). These vaccines arg &ffective and have
successfully reduced the occurrence of measlesughout the world.
Measles vaccination is generally considered toh@enhost cost-effective
public health intervention in use today. In Nigefwever, poor quality
vaccines, improper handling by health officials idgr vaccination and
break in the cold chain contribute to poor Serocsiea rates among

children vaccinated.

In Nigeria, especially in the urban areas, a sigaift number of measles
cases occur, often in children below nine monthsagé. Because case
fatality rates are very high in the first year dk,| children should be

Immunized as soon as 9 months of age.

In certain high risk populations early immunizatiané month of age may
be indicated. Children given early does of measi@scine must be re-
iImmunized as soon after 9 months of age as possibt®mmunities where
high coverage of 9 to 23 months old infants haslseshieved, improved
vaccination of older children with catch-up vactioma of older

unvaccinated children may further reduce the ldadi of exposure of

infants.

3.1.5 Tetanus Toxoid
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Tetanus toxiod is available alone or combined wdippheria toxoid and
pertussis vaccine, absorbed, as DPT and DT, Tetmmxosd is one of the
most effective immunobiologic agents. One of thesmserious health

problems confronting Nigeria is neonatal tetanusTIN

Tetanus toxoid (TT) should be offered to all wonwnchild bearing age,
including pregnant women. Obviously unimmunized womshould
received five doses of tetanus toxoid. The TT imization schedule should
include a fist dose given at the first contacteeosnid dose at least 4 weeks
after the first dose, and a third dose given 6-Ightims after the second
dose. The third dose includes high and durable initywilt should be rein
enforced by additional two booster doses. A woméo \was received all
five doses of TT will be immune against tetanus toe rest of her

childbearing life.

Due to the serious consequences of tetanus infectigery effort
should be made to identify and immunize eligiblenvem when they bring
children for immunization or when they attend aatah clinics. A child
receiving 3 dose of DPT, confirmed by card, wiluobas 2 doses of TT,.

Then the child will receives the 3rd, 4th and 5dse&k of TT for life time
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protection. School age children or women in chiltbey age must receive

the five does of TT if no previous DPT immunizati@cord is available.

3.1.6 Yellow fever vaccine

The vyellow fever vaccine contains a live virus (}7fthat has been
attenuated. Yellow fever was added to the WHOdfstecommended EPI
vaccines in 1990 for yellow fever endemic arealad been used in Nigeria
before then. The vaccine can be safely administeredfants at 6 months
of age and is often combined with measles vaccihgha 9-month

immunization.

3.1.7 Hepatitis B Vaccine

There are two types of inactivated hepatitis vaesi(HB) available. One is
manufactured from the plasma of persons who ameecsrof HB surface
antigen (BHs Ag) and the second is made using rbownt DNA

technology. Both vaccines work well to produce inmmy in infants and

have a low frequency of adverse effects. They d#fiecteve even when
administered at birth because the antibody an imgeives from its mother
(maternal anti-HBs antibody) does not interferehviite development of an

iImmunologic response to the vaccine.
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Hepatitis B vaccine is compatible with the otherfam vaccines.

Immunization schedules should allow for the firesd to be given as early
as possible in high risk populations. The age & first dose may vary
depending on the epidemiological characteristicghefpopulation. Where
perinatal transmission of HB is common, the firssel can be given at birth.

Three doses are considered a full course.

3.1.8 Cerebro-Spinal meningitis (CSM) Vaccine

CSM is a recurrent epidemic disease in Nigeriatiqdarly in the northern
states, lying in the meningitis belt, Epidemics @M have occurred in
Nigeria in 1977 and 1986/87 giving rise to high mdity and morality and
neurological disabilities such as mental retardetioearing loss, learning
disability and seizures. Effective treatment andcuzes against sero groups

A, C, Y and W-135 are available.

However, there is the lack of an effective vacchma can be included in the
national EPI. At present outbreak response is slowneffective due to lack
of emergency preparedness and prompt action. Bgistirveillance system
are insensitive to early case detection and qudsntification of sero
groups. The strategy is to prevent epidemics awmldicee morbidity and
mortality through surveillance and vaccination gmwper treatment of

cases. When vaccines are used in epidemic sityaftorts must be made
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to reach 100% coverage. Several studies have sti@atv®even in situations
where 80% have been immunized the unimmunized reataconsiderable

risk of the disease.

High molecular weight polysaccharide antigens framganisms of
serogroups A,C Y and W -135 are effective in contgj outbreaks of
CSM. Single antigen and quadric valent vaccinesaarglable for use in
control or prevention of outbreaks. Routine immaitian is recommended
only for particular high risk groups. An effectigeoup B vaccine is not yet

developed.

2. CONCLUSION

Vaccines are used to stimulate the production tbadies and thus confer
active immunity against a specific disease or abemof diseases. Vaccines
are produced by culturing bacteria or viruses otth®y use of specifically
treated toxins which offer protection for the boagainst infections and

diseases.

3. SUMMARY

1. Vaccines are processed organisms without viruleboé with

antigenic nature
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2. Vaccines stimulate production of antibodies thanfeo immunity

against diseases and infections

3. Many vaccines are produced by culturing bacternaroises

4.  Specially treated toxins or dead bacteria are alsed to produce

vaccines

5. There are different types of vaccines which inclidde?, OPV, TT,

BCG, CSM, Measles, Hepatitis e.t.c

6. TUTOR MARKED ASSIGNMENT

(a). How do you define vaccine?

(b). List different ways of vaccine production

(c). Mention 6 types of vaccine and their use
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1. INTRODUCTION

Immunization, according to Brooker (2000) is thdfiaral means by
which immunity is initiated or augmented and carab&ve or passive in
operation. Nicholas (1986) opined that immunizai®mone of the most
powerful and cost effective health interventionsichdlas, while

commenting on the Expanded Programme on immunizafisther
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stated that effective immunization programme hawgomadditional
advantages in advancing primary health care. Ins tkburse,
Immunization is also treated as being very impdrtarthe health care
setting. A portion of this Unit is also dedicatenl the activities of
scientists who contributed to immunization actestiin different ways
and forms. Immunization is no doubt very crucialthe survival of

children.

OBJECTIVE

This unit is aimed at understanding the cruciak rof vaccines and
immunization as a child survival strategy and tmifearize you with

great scientists who were and still involved in iomzation activities.

3.1 IMMUNIZATION

When the body is first exposed to an antigen, s¢days will pass before

the adaptive immune response becomes active. Imm@cinety then rises,

levels off, and falls. During followingexposures to the same antigen, the

immune system responds much more quickly and reablgher levels.

Because the first, or primary, immune responsdow,sit cannot prevent

disease, although it may help in recovery. In @Biir subsequent, or

secondary, immuneesponses usually can prevent disease because the

pathogen is detected, attacked, and destroyedebsjonptoms appear. This
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complete resistance to disease is called immuniy may be achieved

through either active or passive immunization.

1. Active Immunization

Active immunization occurs when a person's own imeusystem is
activated and generates a primary immune resporisetive
Immunization can be triggered in two ways, eithgmiatural immunity

or by vaccination.

In natural immunization, the body contracts a diseand recovers.
Because a primarymmune response occurs during the illness, the
immune system will mount a disease-preventing s#&gn response
every time it is subsequently exposed to the desedatural immunity is
developed during childhood diseases, such as ahig&r. Once exposed

to the diseases, a person is no longer susceptilile

Vaccination is intentional immunization againstaatgular disease by the
use of vaccinessubstances that are structurally similar to theualct
disease-producing agents but that do not produsease themselves.
Most vaccines take one of two forms. The first tgbevaccine such as
the vaccines for tetanus and whooping cough, cositelnemically killed

bacteria omther pathogenic organisms. The other type, sudhesral
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polio vaccine, containweakened forms of living organisms that

have been genetically selected so they do not pgeodisease.

Passive Immunization

Another way to provide immunity is by means of pass
immunization. Passive immunization does not engdge
person's own immune system. Instead, the individeegives
antibodies that were created in another persommnal. Such
antibodies can be lifesaving when a disease pregse$oo
rapidly for natural immunity to occur. For exampiea person
who has not been immunized against tetanus badseeigposed
to tetanus, the toxin produced by these bacterialdvoeach a
deadly level before a primary immune response cdoddin.
Administering antibodies against tetanus toxin Kghyic

neutralizes the toxin and prevenisath.

Passive immunization has two drawbacks: First, pleeson

does not mount an active immune response, So thimzing
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effect is temporary and the person is not immuier aécovery.
Secondly, if passive immunization is used repegtedt

occasionally produces side effects.
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3.1

IMMUNIZATION

MILESTONES

Louis Pasteur (1822-1895)
showed how mankind can be
protected against rabies. A
contemporary portrait and a
drawing of his laboratory.

1721 Variolation (deliberate inoculation with
smallpox virus), practiced for centuries in
Africa, China, India, and the Middle East, is
introduced to Europe by Lady Mary Wortley
Montagu, wife of the English ambassador in
Turkey. In America, the Reverend Cotton
Mather learns of variolation from his African
slaves and introduces it in Boston.

1796 Edward Jenner, an English medical
student, observes that milk-mai2s who have
recovered from cow-pox are protected
against smallpox. He practises his first
inoculation on an 8-year-old boy on 14 May
1796 and announces his findings two years
later. The word vaccination (from the Latin
word for cow: vacca) replaces the term
variolation.

1803 Dr Jenner's pamphlet on vaccination lias
been translated into five languages. More
than 100,000 persons have been vaccinated in
England. Jenner predicts the eventual
"annihilation of the smallpox."

1870 Combatants in the Franco-Prussian war
meet a common enemy: a smallpox epidemic.
The French sustain 23,400 fatalities; the
Germans lose only 278. The reason? Tiic
German army lias been vaccinated.

1880 German scientist Robert Koch discovers
the tubercle bacillus and begins work on a
tuberculosis vaccine.

1885 Louis Pasteur of France introduces the
rabies vaccine. Previously, a bite from a rabies-
infectA3  animal usually  resulted in
"hydrophobia", which was inevitably f.-.tal. By
1890, rabies vaccination centres exist in major
cities throughout the world.

Robert Koch (1843-1910) won the Nobel Prize for
physiology and medicine in 1905 with his work on
TB nnd ether dis-

1890 The united efforts of bacteriologists Emil
A. vort Ben ring of Germany and Shibasaburo Kit
sate of Japan 'wglt in the discovery of
toxin/antitoxin immunization for diprT-theria
and tetanus. They receive the Nobel Prize for
their work in 1902.

Robert Koch (1843-1910) won the
Nobel Prize for physiology and
medicine in 1905 with his work on
TB and other diseases.

Edward Jenner (1749-
1823) discovered
vaccination and
became “the father of
immunology,” A doll
distracts s child from
the brief scratch of the
needle.
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Paul Ehrlich (1854-1915), another Nobel

Portable steam sterilisers for use in remote

prizewinner, was a pioneer in diphtheria health-centres.

vaccine.
Photo WHO

1897 Paul Ehrlich evaluates the effgilis

5 T

tiveness of diphtheria antiserum
Germany and receives the Nobelize
for further work in immunology in 1903

1963 Mass immunization campaigns u:
newly developed, safer measlesccine
begin in the United States amdirope. Thi
United States reported82,000 cases
measles in 1962; by 1968, tlrecidence ha
dropped to 22,000 cases.

1906 Albert Calrnette and Camil@uerir}
of France produce an atteatac
tuberculosis vaccine (bacillus Cal-me

Guerin)., now called the BCG vaccine.§ L .
1967 The World Health Organization (Wii-

"t..-ins the campaign to eliminagmallpox

Following the discovery of the pertu from the planet.

bacillus by theBelgian scientist Jul
Bordet, several types of pertussis

cines are developed. His work earns §
the Nobel Prize in 1919.

1974 wHOs Expanded Piogramme
Immunisation (KPi) isestablished.

1977 HP! sets its target: by 1990itamunize

1940 After perfecting and testingsafe! 3 all the world's children againsc thsix
pertussis vaccine American Pea i childhood diseases: measles,pertussi
Kendrick begins trials of a combin All Maow Maalin, the world's List victim of diphtheria, tuberculosis, poliomyelitisanc

diphtheria toxoid and pertussis vac- smallpox. tetanus (including neonatal tetanus).
cine. Top; Front cover of World Health in May 1977 Mradicav.r' = .<ntinent by contient
1980.

smallpox makes its uist stand Bomalia

1954 Work by John Enders, Thon Below: A healthy and protected baby: raz?eéfg%%nﬁzu:isgse' AH Maow Maz

Weller, and Thomas Peebles of Wand the goal of EPI by 1990. p ry.

University (USA) leads the way tohe . .

development of a safe measles - vaccine. 1980  The Thlrt)/thlrd World  Healt
Assenbly officially declares smallpc

completely eradicated from the plan&y

American virologist and physiciadona: now, safe and effective vaccinesist foi

Salk  produces  the inactival about 20 infectious diseases.

poliomyelitis vaccine (IPV) which |

injectable. 1987 World Health Day (April 7) 1987 focuses
on EPI, giving added "imp-i <:- *.;>

1957 Albert Sabin of the United Sta immunization programmes worldwide in their

brings out the live poliomyelitis vaccir attempts to reach the 1990 goal.

Taken orally, it is designated as OPV.

1958 During the Eleventh World Health
Assembly, the Soviet Union points out that
the funds devoted to smallpox vaccination

1990 Target date for EPI,

when children worldwide will havacces:

p_robably exceed the cost of wiping out the to immunization services and will
disease. WHA votes to step up efforts to have the possibility of beingfully
eradicate smallpox. protected against the six vaccine-pre-

vent able¢disease
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4.0 CONCLUSION

Immunization is the artificial means by which imnity is
Initiated or augmented and can be either activpassive in operation.
Passive immunity may be conferred by the injecbbmantisera but the
production of active immunity calls for the use @fvaccine. Active
Immunization occurs when a person’s own immuneesysts activated
and regenerates a primary immune response. Adtiveunization can
be triggered in two ways, either by natural immatian or by
vaccination. On the other hand passive immunizasotemporary and

when used repeatedly may produce side effects.

1. SUMMARY

1. Immunization is the artificial means by which imniyns initiated or
augmented
2. Immunization can be active or passive

3. Active immunization can triggered in two ways eith®y natural

Immunization or by vaccination.

4. Passive immunization is temporary and when usedatepdly may

produce side effects.
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5. TUTOR MARKED ASSIGNMENT

1.  What do you think immunization is?

2. Mention and describe two types of immunization

3.  What are the benefits or otherwise of the two t¢pes

4. REFERENCES

Wicket J.F (1987) Smallpox showed the world the vi&prid Health

Organization Magazine. Jan-Feb. 1987 WHO: Geneva

Wikipedia, the free encyclopedia in Encarta.
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UNIT 3 Six Killers of Children

CONTENTS

1. Introduction

2.  Objectives

3. Main Contents

3.1 Measles

3.2 Diphteria

3.3 Pertusis

3.4 Neonatal tetanus
3.5 Poliomyelitis

3.6 Tuberculosis

4, Conclusion

5. Summary

6.  Tutor Marked Assignment

7. References
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1. INTRODUCTION

The six killers of children are the six childhoadmunizable diseases which
are also called or referred to as the Target DeséAthatever title or name
ascribed tothese disease what is of paramount tanpae is that they affect
and kill children aged 0-5 years who are not immeadiagainst the diseases
which include measles, diphtheria, pertussis, tetarpoliomyelitis and
tuberculosis. The six deadly diseases are all imnabte and the vaccines

are always available at no cost to children.

2. OBJECTIVE

The fight by international Agencies lie WHO, Unic#t is on to wipe out
these immunizable diseases, particularly poliontigefrom the surface of

the earth as it was done to small pox.

204



MCB 317

Measles

Tuberculosis

Poliomvelitis

IMMUNOLOGY AND IMMUNIZATION

Every 15 seconds a child dies from measles: two
million children die each year. Virtually every
unprotected child will contract the disease,
which may be fatal for those already 'weakened
by  malnutrition or chronic diarrhea.
Complications occur in about 30 per cent of
cases, and include ear infections, diarrhea,
blindness, and encephalitis.

Diphtheria kills between 10 and 15 per cent of
its victims. It causes membranes to develop in
the throat, and death may follow from
asphyxiation. Diphtheria bacilli in the throat also
produce a toxin which, in the bloodstream, may
attack the heart or nervous system with fatal
results.

Some 51 million children contract pertussis
(whooping cough) every year; over 600,000 of
them die from it. The disease got its common
name from the "whoop" children make while
desperately trying to inhale after coughing
spasms. Complications include: malnutrition
(due to excessive vomiting after coughing),
permanent brain carnage end pneumonia.

Neonatal tetanus is estimated to cause 800,000
deaths a year. Nearly 100 per cent of newborn
babies who get it will die. It is caused by
unsterile methods of cutting the umbilical cord or
by applying germ-laden substances to the stump.
Immunization of the mother will give protection
to the baby.

Annually, about 275,000 children are affected
by poliomyelitis. It is the major cause of
lameness in the Third World, where nearly all
children get polio before they are three.
Although only one out of every 200 infected
children develops typical symptoms, among
those with recognised polio, one in ten will die.

Tuberculosis attacks as many as ten million
victims a year, and is particularly lethal for
infants. In the lungs, TB can trigger a rapidly fatal
pneumonia or a slow wasting disease, in the
bone, it can lead to severe deformities. When
TB occurs in the brain, the result'.-; are usually
fatal.



MCB 317 IMMUNOLOGY AND IMMUNIZATION

4.0 CONCLUSION

The six killer diseases of children also known iasnunizable
childhood diseases or target diseases affect dinchkdren aged 0-5 years.
The inclusion of this unit in this module will fin¢r improve the skill of
learners and that of immunization coverage towaftective control of the

diseases and their eventual eradication

1. SUMMARY

1. Six killers of children are also known as the chddd immunizable

diseases also referred to as the target diseases

2.  The six killer diseases include measles, diphtheestussis, Tetanus,

poliomyelitis and tuberculosis

3.  The six killer diseases affect mainly children agesl years

4.  Vaccines for the childhood diseases are readilylaiMa at no cost to

children

5. TUTOR MARKED ASSIGNMENT

List the six killer diseases of children and disctlsem. What

other terms are used to identify the diseases?
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6. REFERENCES

Herdenson D.A (1989) How smallpox showed the waprid/
Health Organization Magazine WHO No. 1989 pp. 19-21

WHO: Geneva

www.google.com
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UNIT 4  The Cold Chain System

CONTENTS

1. Introduction

2.  Objectives

3. Main Contents

3.1 Vaccine storage and recommended temperature

3.2 The Cold chain system

3.3 Monitoring of the cold chain

3.4 The cold chain equipment in common use

4, Conclusion

5. Summary

6.  Tutor Marked Assignment

7. References

1. INTRODUCTION

According to WHO immunization standard, the coldiiohensures

that vaccines are kept cool and therefore potenthal way from the

manufacturer up to the end receives. And unless dable chain is

maintained all through, the vaccine risks havingefiect.
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Therefore, in line with Nicholas (1986), effectiwaaccine
storage requires the operation of a cold chairl atages of delivery.
For long storage at central or regional store®, livus vaccines such
as measles and oral polio, require temperaturesirais 200c, while
diphtheria, pertussis and tetanus (DPT) and tetéoxad (TT) and
BCG should be stored in the range of +20c to +8@tshould never
be frozen. However, refrigeration below 80c is rsseey for all

vaccines to maintain potency.
2.0 OBJECTIVE

This is a very crucial unit which reinstates angtmgohasis the
need to maintain effective cold chain system asetain the potency

of vaccines else all immunization will amount tdhnog.

3.0 Vaccine Storage Time and Temperature

The table below shows the recommended storage tatupe and maximum

time for each vaccine at each link in the cold ohai

Type ofPrimary storelProvincial StoreDistrict StoreService leve
Vaccine |MAX 6 MAX 3 Months [MAX 1 MAX 1

Months Month Month
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OoPV

-150C to [-150C to -250C

250C

+20C to 80C

+20C to 80C

BCG,
Measles,
MR, MMR,

YF, Hib FD

CSM

Storing freeze-dried vaccine &

200C is not harmful but

unnecessary. WHO no long
recanmends them to be storec
these vacci

-200C. Instead,

should be kept in refrigerati

and transported at +20 to +80C

t20C to 80C

+20C to 80Q

Hep B
DTP-HepB
Hib liquid
DTP, DT

1T, Td

+20C to 80C | +20C to 80C

+20C to 80

C +20Cto8

Cold-chain

This is a scientific method or system for keepiagcines cold from the

manufacturer to the point of vaccination.
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1. Vaccines are very sensitive to heat. To mainta@rthotency,
all vaccines used in the national Immunization Paogme are

usually, stored and distributed under the WHO staaisl

2. Vaccines are often packed inside insulated comfa)necold
boxes and vaccine carriers with enough ice-paaid, €hain monitors shall be
inserted between vaccine packs to monitor the teype of the vaccine during

transportation

3. To maintain the cold chain, containers of cold ®oxe
vaccines, are marked VACCINE RUSH, DO NOT OPEN frdme

manufacturer through all levels of their transpimmavithin the country.

4. Federal Government shall instruct port officials and
clearing agents not to, under any circumstancedareger the life of

vaccines by delaying their clearing or openingrtleentainers.
5. Vaccines shall not be transported in open vehoflasy type.

6. Government shall provide boots, jackets and haadegl for

officers working in cold stores.

7. Government officials at all levels shall pack vaed in dry
cold conditions, not wet, to prevent peeling offtoé labels from the

vaccines packets or vials.
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8. Government shall provide cold chain equipment siscbehicles,
generators, motor cycles, books, refrigeratorsychas, cold boxes, vaccine

carriers, ice-packs, etc. for use.

9. To encourage private sector participation in prowisof
Immunization services, government shall assist ed@mpossible with cold
chain equipment such as cold; boxes, ice packsawhne carriers to enable

then collect vaccines from government cold stores.

10. Trained cold chain officers shall have the solpagsibility for
vaccine collection, storage and distribution to lallels including private

health facilities.

11. In the cold rooms where freezers and refrigeradoesused,
monitoring charts, thermometers, etc. shall bedegne units to allow for
twice-daily recording of temperatures. The tempegrtcharts shall be
prominently displayed in the cold rooms and reaafrtemperature shall

be faithfully kept without any bias for cold chaasessment.

Refrigerators, freezers, cold boxes and vaccingecarare to be used only
fur vaccine storage. No other items of any typdldfeafound inside these

units.
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Note that all vaccine imported and produced locallyshould undergo

regular potency testing

Logistics

Considering the reported misuse of EPI vehiclesegpgpment at state
and LGA levels, government shall not hesitate ke &ppropriate steps

to discourage such acts.

1. EPI Managers at all levels shall control approeriatlization of

EPI vehicles.

2. For logistic reasons and for effective programmeestision, EPI

vehicles shall not be part of the common vehicta.po

3. Repairs and running costs of EPI vehicles and ewgnp shall be

regarded as Statc /LGA input into the programmeasi¢avors.

4. EPI Managers must, ensure that EPI vehicle' angbreqat are

used only for their intended purposes.

5.  Where these guidelines are not strictly followbee, EMOH &SS

shall withdraw the vehicle immediately

6. EPI managers shall ensure proper keeping of logsbob EPI
vehicles.
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1. MONITORING OF THE COLD CHAIN

When next you visit a shopping in a large superketaconsider the
food cold chain, from which the word vaccine colichin was developed in
the mid-1970s. In order to maintain its qualitgshn food is refrigerated or
frozen from the time when it is first stored, thgbuthe stages of processing,
transport and distribution to the shops. The qualftthe food depends on
the continuity of cooling and on the period of timich the distribution

process has taken.

We appreciate the quality, but how has it beenex€i? Is the cold chain
just a network of cooling equipment? Is it justarh of workers trained to
order and distribute? Is it simply the technolodymwcessing and packag-
ing? The cold chain is all of these things, boumgkther in a managerial
system whose objectives and whose procedures ags ¢b everyone

involved.

Our experience of the vaccine cold chain enablestai
consider some of the root causes of success aldefarhich we

must face in applying the concept.

Things will go wrong!
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When you drive your car into a sharp bend, do yoagine
meeting a vehicle on your side of the road and lclyecir position
on the road and reduce your speed? If so, you ajeod driver,
because you anticipate the possibility of an emergeand you
prepare for it. In the design of the vaccine cdidic we anticipate
fallure and prepare for it in a number of ways. éHare some

examples:

2. Electricity fails frequently in most tropical dewging
countries, and even when the failures are few, the
voltage varies widely according to the time of dalge
design of refrigeration equipment for vaccine gjeran
this condition differs from that used in industsat
countries with temperate climates, it is designed t
protect vaccine when the power fails or is inadégua
In the latest equipment modified for the cold chane
cooling energy is stored in the icepack bank which
maintains vaccine storage temperatures when the
refrigerator receives no power. Ordinary domestic
refrigerators have thin insulation and no mass hclv
to store energy when the power is cut, so the

temperature rises quickly in tropical conditiongl aran
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easily damage vaccine. This is a common cause of

failures in the cold chain.

When equipment fails, when vaccine fails to arnvben staff becomes sick,
the cold chain must continue to function. Thesergemy procedures are
included in training, they are planned drug susson and they are pasted
on walls in the health centre. Who is responsibietie vaccine refrigerator
when the responsible person is sick? Where is #dteine to be placed
when the refrigerator stops working? What reseaecwe stock is needed
to allow for delays in vaccine delivery? What vaes can continue to be given
when me icepacks have melted? Where is the teemeho can be called

when equipment fails?

Unless emergencies are anticipated, they have ia tlabxpanding out of
control, if only one problem occurs and is dealthwpromptly, the cold
chain is preserved and immunization continues emapted. We call this
ability of the system to survive in spite of mishafhe robustness of the cold
chain design. The cold chain is improved by analyziailures when they

occur and taking measures to prevent a recurrence.

Inspect: don't expect?
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Dr Fakhry Assaad, Director of WHOQO's Division of i@municable Diseases up to
1986, frequently offered the advice: "You get wiaill inspect; not what you
expect." This advice precisely describes the cblarc Inspection begins, in
the EPI cold chain, with the handling of vaccind anth the maintenance of

equipment.

Every refrigerator in the cold chain contains arti@meter which must be
checked twice each day. There is always the daofy¢he vaccine being
exposed to high daytime temperatures or low nigkttiemperatures. Only by
inspecting the temperatures regularly can one hédemt about the storage
conditions of the vaccine and therefore be surehef effectiveness of

immunization.

This and other cold chain procedures are stan@ardigtionally and
internationally in the EPI. So the quality of vaeeihandling, the accuracy of
stock control and most activities in the cold chaam be followed easily and

supervised effectively.

Chemical indicators are also used to check theusbyqof the cold chain.
One such cold chain monitor travels with every 3,80ses of vaccine from
the manufacturer to where they are received inuder countries. The

monitors are also widely used in national cold clshidies.
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Inspection of equipment is as important as inspeaotif vaccine. Mainte-
nance begins with the users of the equipment whopoavent faults from
developing if they understand the equipment andwktile maintenance
procedures by heart. Practical training, partitylarthe time of installation of
the equipment, is the best way to turn knowledgaaihtenance into a habit.
Caring for equipment requires discipline but, mogtortant, the users must

be motivated.

Motivation is not always sufficient to prevent aa@kdown. At that time, a
repair technician is the most needed person. Bwt dm you know who to
cal? How do you know that he will be able to sdlve problem on the spot?
How will he know what spares to bring? Again, tiheveer is: inspection. In
successful cold chain systems, the repair techmsaigsit the health centres,
they keep an inventory of equipment models and evitesy are located, and
they are trained and /quipped with the help of Wtd@arry out repairs on

the spot.

1. CONCLUSION

As effective as vaccines are in the protection ebgbe particularly
children 0-5 years and women of childbearing ags,anly the maintenance

of a good cold chain system that will eventuallgdeto success. There is

218



MCB 317 IMMUNOLOGY AND IMMUNIZATION

therefore need to maintain the cold chain systemm fthe point of vaccine
production to the various location of vaccine usagethe regulated

temperature to achieve vaccine’s potency.

5.0 SUMMARY

- The cold chain ensures that vaccines are kepth@trecommended

temperature to make them potent from manufactarasérs.

- Refrigeration below 80C is necessary for all waes to maintain potency.;

- Measles and oral polio vaccines require -200Cotature while DPT, TT,

BCG should be stored between +20C to +80C

- There is also the need for proper monitoringhefcold chain system and its

equipments.

6.0 TUTOR MARKED ASSIGNMENT

How do you maintain an effective cold chain sysem

7.0 REFERENCES

- Llyod J. (1989) The cold chain. World Health QOrgation

Magazine. Apr-Dec. 1989 pp. 26-27. WHO: Geneva
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- FMOH (2006) National Programme on ImmunizatioriP(NNigeria
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1. INTRODUCTION

This unit deals with preparations for immunizatioasid the
arrangements to be put in place for a successfuumization schedule at

all levels — local, state and national.
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Topics that are discussed in this unit include imination
procedures, vaccine distribution strategies as wagliguidelines to

determine immunization needs.

It is noteworthy to mention that immunization schiedand
activities must embrace effective maintenance efdbld chain so as
to ensure that vaccine potency is not at risk unddatever

circumstances that prevail.

2.0 OBJECTIVE

To make you aware of conditions that are requi@dathieve a

successful immunization schedule and activities.

Recommended Schedule for Children with HIV-InfectidDS

Vaccine Asymptomatic |Symptomatic |Optimal timing of

HIV infection |HiV infection |immunization

BCG YES NO AT birth

DPT yes" YES 6,10,14 weeks

OPV* YES YES 0,6,10,1 4 weeks
MEASLES YES &,$ 9 months

HEPATITIS B YES YES As in uninfectcd children

YELLOW FEVER |YES NO
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TETANUS

TOXNOIN

YES

YES 5 doses as

in

children women

infectq

TT IMMUNIZATION SCHEDULE FOR WOMEN OF
CHILDBEARING AGE

2. Tetanus Toxoid (TT)

Doses When to give Expected duration of
protection
TT1 At first contract None
or as early as
possible in
pregnancy
TT2 At least 4 weeks 1-3 years
after TT1
TT3 At least 4 weeks 5 years
after TT2
TT4 At least 6 10 years
months after
TT3 or during
subsequent
pregnancy
TT5 At least 1 year All the childbearing years

after TT4 or
during

subsequent
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CONTACT [Minimum [Type of |Dosage |Route of of Site
target age |[Vaccine administration
of child
pregnancy

An immunization schedule contain, information toiethhealth workers
may wish to refer when deciding which immunizatigpes to administer
to a child, women of child hearing age and pregrnarnen. There is no
limit to the interval, even if a year passes betwtee administrations of

successive doses of a vaccine, administer thedosd as if the minimum

time interval has passed.
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Immunization Schedule for Children under One Year.

LIl ML i 11DV L V.Ji uilta rinivuoaovuial UIJ'JCI Mmilil
BCG 0.05ml |intra dermal RT. Upper Arm
*OPVO |2 drops |oral mouth
2ND 6 weeks of [DPT1 0.5ml |intra muscular upper outer
age quadrant of buttog
OPV1 3 drops |oral mouth
3RD 10 weeks -tiDPT2 0.5ml |intra muscular Upper outer
age quadrant of buttock
OPV2 2 drops |intra muscular Mouth
HBV?2 0.5ml [intra muscular upper arm
4TH 14 weeks ofDPT3 0.5ML [intra muscular upper outer
age gquadranof buttock
OPV3 3 drops |oral mouth
5TU 9-11 Measles |0.5ML |Subcutaneous Left upper Arm
months
YellowFev0.5ML [subcutaneous Left Upper Arm
er
HBV3 0.5ML |intra muscular Upper Arm

IMMUNIZATION PROCEDURES

* OPVO must be given before the age of two weeks

oo
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In recognition of national interests and prioritéee government will
continue to provide vaccines and immunization eesviree through the public
sector. Government shall ensure the provision@fimas and the use of a national
immunization schedule in order to attain optimalmiomologic protection

against EPI target disease and other vaccine pabkeiseases for:

I. All children as early as possible

. Women of child bearing age

Iii. Other Kt-risk groups, including HIVpositives.

No €eligible person shall be denied immunization unless there are medical

contraindication.

Techniques for Vaccine Administration

The recommended site for the administration of &iihvaccine is shown in
the Appendix 1. Vaccines that contain aluminum\ajti(such as Hepatitis B and
DPT) should be injected intramuscularly. The prefesite for infants and small
children is the upper front (anterolateral) pathefthigh because this is where there is
a lot of muscle mass. In older children, the dihauiscle may be large enough for these

vaccines. In adult women, the deltoid is the recenaled site for vaccine administration.
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Many Nigerian mothers may ask to have immunizatigien in the
buttock. This is not recommended for routine immations of children or adults
because of the risk of injury to the sciatic ndrvaddition, in many adults the layer of
fatty tissue in the buttocks may be deeper thaletigth of the vaccine needle and the
vaccine dose may be deposited in fat instead @ienéds vaccines are not absorbed well

from fatty tissue, the immune response will ofiemtypaired.

Giving several vaccines at the same time, simplifeutine childhood

immunizations and reduces the number of times nm®iwed children have to
visit the heath facility. All of the NPI vaccind8QG, DPT, OPV, measles, yellow
fever, hepatitis B and CSM) may be given at one umeation session but

injections should be given in different musclessite

Mixing different vaccines in one syringe for injeat or using a fluid vaccine to
reconstitute a freeze-dried vaccine is not recoreaeibuch practices can result in lower

potency or inactivation of vaccines.

BCG Immunization

1. Make certain, that you have adequate suppliesHherirnmunization
session. These should include sterile syringesnardles, cotton wool,

vaccines and diluent.
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2.

BCG vaccine is administered by intra-dermal inpectiSelect the left

forearm for older children and adults.

Clean skin with a cotton swab moistened with €ewhter or methylated

spirit and let it dry.

Hold the middle of the child's upper arm firmly iyour hand, Your

fingers should be at the side of the child's bgdyr thumb towards you.

Hold the syringe by the barrel with the millilitscale upwards and the
needle pointing in theirection of the child's shouldddO NOT TOUCH THE

PLUNGER.

Point the needle against the skin, bevel turneclmt 3 cm above your
thumb. Gently insert its tip into the upper layethe skin. Make sure that

the needle is in and not under the skin.

If the needle goes under the skin, take it outies®tt it again. If you bend

the needle replace it

Hold the barrel with your index and middle fingeut your thumb on the

plunger.

Hold the syringe flat (that is, parallel with th@face of the skin), inject

the vaccine.
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10. For children older than one year, inject 0.1 ml.

11. For children younger than one year, inject 0.05 ml

If the vaccine is injected correctly into the skarflat wheal, with the surface pitted

like an orange peel, will appear at the injectitan s

Note: If it becomes apparent after the full doselieen injected that the vaccine
went under the skin, ask the mother to return #h child in six weeks for

examination. If at that time there is no local teac re-immunize.

OPV Immunization

1. Use the dropper or devices supplied with the vaccin

2. If the baby will not open its mouth, gently squegzeheeks to open the

mouth.

3. Deposit drops of vaccine on the baby’'s tongue @diopper should not
touch the baby’s mouth). If the dropper becomesaconated, discard it

and use a new vaccine vial.

4. At the end of the session, destroy the unused neaoi any opened

vaccine vial. Discard the vial.

1. DPT IMMUNIZATION
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1.

Make certain that you have adequate supplies ®ritimunization
session. These should include sterile syringes ragetlles, cotton

wool, vaccine and diluent.

Inject the vaccine into the middle of the big measclthe front of the thigh
because of the danger of injuring the sciatic narne possibly causing

paralysis.

Ask the mother to hold the child across her kneahat the front of the

thigh is feeing upwards. Ask her to hold its legprievent moving.

Clean the skin with a cotton swab moistened withewvar methylated

spirit and let it dry.

Place your thumb and index finger on each sidaeptace you intend to

inject. Stretch the skin slightly.

Put the point of the needle against the skin bety@ar thumb and finger.

Quickly push the needle deeply into the muscla(miscular).

Pull the plunger back. If there is blood in thengy, discard the vaccine. DO
NOT use the syringe and needle again until they Ibeen sterilized. Put the used

syringe and needle in a container with disinfectahition to await cleaning
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and sterilization. Take a sterile syringe and reeadtl new vaccine. Repeat

the process starting at step 4.

9.  When no blood appears in the syringe, inject 0.gaotine.

10. Withdraw the needle.

11. Rub the injection spot quickly with the swab yoedif clean the skin.

12. Use another needle and syringe to immunize theahdgt

2.L4 Meadesimmunization

I. Make certain that you have adequate supplieshiBrimmunization session.

These should include sterile syringes, needle®cotool, vaccine and diluent.

ii. Use sterile syringe and needle to reconstihgemeasles vaccine using .the sterile

diluent according to the instructions on the vial.

ilii. Load the sterile syringe with a 0.5 ml dos¢hefreconstituted measles vaccine.

1. Ask the mother to expose the child's upper right ar

2. Clean the skin with a cotton swab moistened witlera methylated spirit and let

it dry.

3. With the fingers of one hand, pinch up the skitherouter side of the upper arm.

4. Hold the syringe at an angle to the child's arm.
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5. Do not touch the needle but push it subcutaneisiihe pinched-up space.\

6. To avoid injecting vaccine into a vein, pull therger back slightly before pressing
it to make the injection. If blood is drawn inte tyringe, discard the vaccine. DO
NOT use the syringe and needle again until theg baen steriized. Put the
syringe and needle in a container with disinfectalotion to await cleaning and
sterilization. Obtain a sterile syringe and needie¢ new vaccine. Repeat the

process starting from step 3.

7. DO NOT use the syringe and needle again until kiaee been re-sterilized.

Take another sterile syringe and needle with vagccin

8. Press the plunger gently; inject 0.5 ml of vaccine

9. Withdraw the needle. If blood appears, wipe i a cotton swab.

10.Use another sterile needle and syringe to immeaiechild.

11 Discard all unused vaccines in opened vials arttef the session.

Vaccine Digtribution Strategies

There are three basic vaccine delivery strategies
* Fixed Strategy

* Qutreach Strategy
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* Mobile Strategy
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3.2.1 Fixed Strategy

A fixed strategy is used when a health facility iommes people-at the facility.
The facility is able to provide immunization servicesthout assistance or
equipment from the L.G.A store. A sufficient numbar health workers is
assigned to the facility to immunize people. Thél athain equipment and
vaccines are at the health facility. A fixed imnaation service is usually the least
expensive over the long run because it utilizeswees already at the facility

and minimizes transportation costs.

In this case, the LGA store sends vaccines, cakihabquipment and
additional health workers to health facilities there unable to dc
Immunization sessions without LGA assistance. Téwgdtih facility and
LGA combine personnel and equipment to be ableotoranunization

.sessions at the health facility.

Health-Facility Based

Health workers, vaccines and cold chain equipmernfrgm a health
facility to a dispensary, immunization site or village, Outneac
immunization strategy is more expensive than adfixemunization
strategy due to the added cost to the health systetransportation and

cold storage equipment. It is also the most comiyjme because it adapts

LI



MCB 317 IMMUNOLOGY AND IMMUNIZATION

to various types of geographical areas and tesdate LGAs which have a

shortage of resources to adequately staff and bqalfh facilities.

To help increase access to immunization servicésouti incurring the
additional cost of transport of a health facilitireach strategy, an outreach
strategy assisted by the community is being tmedome states. In a
community-assisted outreach approach, health gorkepbilize the
conmnmify to pool its resources to cover the cbsiaosporting the health
workers and supplies to and from the communityelBginating the need
for each mother to individually spend time and ngandransit to and from
the health facility, a community-assisted outresithtegy can save the
community's time and money in an area where orfiyeal strategy is
operating. The approach depends on effective cortymmobilization

efforts.

Mobile Strategy

This strategy uses a group of health workers wdeltrto areas where
outreaches cannot get to and where no healthyfasilavailable. These
health workers are not assigned to any facilityusuglly operate from the
state's Epidemiology Unit. A mobile programme &niost expensive due

to the . cost of additional personnel, transporiaind equipment,
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Selecting an Immunization Strategy

The decision which vaccine distribution strategy use will be
influenced by the anticipated involvement of thenownity and a good
knowledge of the resources available for providingmunization

services in the area. The underlisted should alaaygensidered:
1.  The physical accessibility of health facilities.

2. Distribution of the target population in relatiom those health
facilities which are adequately prepared to provide

immunization services.

3.  Are there any reasons to exclude a particularifg2illhis may
be based on records or on dat provided by LGA aitihe

facility staff.

4. The type and amount of resources available for igiray

immunization services in the LGA such as
5.  Cold chain equipment
6.  Vaccines and related supplies

7. Allowances for vaccinators, mobile teams and oaltres
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8. Vehicles

9.  Vehicle spare parts

10. Fuel

11. Prompt and reliable -maintenance of vehicles

Vaccination Activities

I. Determine vaccine (s) needed

il. Review EPI card, ask mother

lii. Administer appropriate vaccines

Do follow-up Activities

a Give health education to mothers.

b Record types and quantities of vaccines used.

C Return opened vaccines to the state EPI sthe destroyed

d Prepare and submit monthly records.

e Check to be sure that each child has receivedealmmunizations

he is supposed to receive.

f Emphasize the safety of the immunizations
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g Ensure that the mothers know that reactions ¢sinas do occur,
What they are and what to do if they occur? Exptaat if a child has a
reaction after the shots, this indicates that thecwe is working and is
developing in the child's body protection agaihst tlisease. Emphasize

that the reactions are much milder than the disease

| Ensure that the mothers know when to bring tbieidren for the next
immunization.

J- Ask each mother if she knows when tarre If a mother cannot
tell you when she is supposed to return or tellstixe wrong date, repeat
the correct date to her and remind her thatvérg important that she
brings her child back on that date.

K. If the Child Health Card recommends nutriticiadlow-up or
treatment for disease or injury, either directrtiwher to the proper person

or place, or give her instructions on what to do.

Destroy Opened Vaccine and Record Types and Quantities Used.

i Return open vials of vaccines to the State EfPédb be destroyed,

i Once a container of vaccines has been openeuist be used. If it

cannot be used during the vaccination sessionst be destroyed.

il Record use.
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Iv. Return empty vials to LGA store.

v Never keep opened ampoules of vaccine.

Vi Record carefully and accurately the amourgaxth type of vaccine

used on the Daily Immunization Tally Sheet.

Vil Promptly return unopened vaccine ampotoehe health

center refrigerator or freezer

viii  Prepare and submit monthly records ofmomization

4.0 CONCLUSION

The schedule for immunization showing days and gimmeimmunization

sessions should be made available. It is impottamothers be informed
of this schedule so that all children in the ardwware expected to have
access to the health facility or immunization sé@ receive their first set of

Immunization as soon as possible after reachingeb@nmended age.

In addition, children needs to receive their secand their third doses of
DPT and polio vaccines as soon as possible afteeminimum one- month
interval have passed. In order to ensure that laltlren in an area are
Immunized at the earliest acceptable age, immunizaessions for each
health facility or immunization site should be hedtther daily or at
regularly-scheduled days and times.
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The number of immunization sessions to be scheddkgzends on the
number of children you expect to immunize in theaawho have access to
the health facility or immunization site. This @&lled target population with
access. The target population with access consisthildren in the area,
less than 2 year old. These children make up aBéutof the total

population in Nigeria.

5.0. SUMMARY

* To have a successful immunization schedule anditaes all tiers of
government (Federal, state and local, and all lpespould play their

parts)

* Immunization schedules in this unit cover childrender one year,

children with HIV/AIDS and women of child bearingea

* Immunization procedures cover vaccines adminiisina

*Vaccines distribution, strategies discussed idelufixed strategy,

outreach strategy and mobile strategy.

* Guidelines for determining immunization needdidly attended to.

6.0 TUTOR MARKED ASSIGNMENT
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7.0

12.

13.

Discuss in details your understanding of vaccines

distribution strategy.
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