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CHAPTER ONE
BASIC CONCEPTS IN IMMUNOLOGY
The immune system is a complex NETWORK composed by molecular and cellular elements.
• The main function of the immune system is managing of the individual integrity with defence
against outside parasites and against modifications of self structures (by viral infections,
tumorous transformations or other mutations).
• The immune network is formed by balance of attacking and tolerating type immune responses.
• The immune system links to the other (endocrine, neural, metabolic) regulatory systems of the
body in multiple levels influencing each other. Basic terms
• Immunis,- e (Julius Caesar) = exempt, free of burden (E.g. tax, law, or diseases)
• IMMUNE: individuals who do not capitulate to a disease when infected;
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• IMMUNITY: status of specific resistance to a disease;
• IMMUNOLOGY: branch of theoretical biology focuses on mechanisms responsible for both
self and non-self recognition, elimination of the invaders and protection of the basic structural
elements.
THE NOBEL PRIZE LAUREATES IN IMMUNOLOGY
1901 E.A. Von Behring (Germany) for the work on serum therapy especially its application
against diphtheria.
1905 R. Koch (Germany) for the investigations concerning tuberculosis.
1908 E. Metchnikoff (Russia) and P. Ehrlich (Germany) for their work on immunity
(respectively, phagocytosis/cellular theory and humoral theory).
1913 C.R. Richet (France) for the work on anaphylaxis.
1919 J. Bordet (Belgium) for the discoveries relating to immunity (complement). 1930 K.
Landsteiner (Austria/USA) for the discovery of human blood groups.
1951 M. Theiler (South Africa) for the discoveries and developments concerning yellow fever.
1957 D. Bovet (Italy/Switzerland) for the discoveries related to histamine and compounds,
which inhibit action of histamine and other substances on the vascular system and the skeleton
muscles.
1960 Sir F.McFarlane Burnet (Australia) and Sir P.B. Medawar (Great Britain) for the
discovery of acquired immunological tolerance.
1972 G.M. Edelman (USA) and R.R. Porter (Great Britain) for their discovery concerning
the chemical structure of antibodies.
1977 R. Yalow (USA) for the development of radioimmunoassays of peptide hormones.
1980 B. Benacerraf (USA), J. Dausset (France) and G.D. Snell (USA) for their discoveries
concerning genetically determined structures on the cell surface (major histocompatibility
complex) that regulate immunological reactions.
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1982 S. K. Bergstrom (Sweden), B. I. Samuelsson (Sweden) and J. R. Vane (UK) for their
discoveries concerning prostaglandins and related biologically active substances.
1984 N.K. Jerne (Denmark/Switzerland) for theories concerning the specificity in
development (lymphocyte clonality) and control of the immune system; G.J.F. Köhler
(Germany/Switzerland) and C. Milstein (Argentina/Great Britain) for the discovery of the
principle for production of monoclonal antibodies.
1987 S. Tonegawa (Japan/USA) for the discovery of the genetic principle for generation of
antibody diversity.
1990 J.E. Murray and E.D. Thomas (USA) for their discovery concerning organ and cell
transplantation in the treatment of human diseases.
1996 P.C. Doherty (Australia/USA) and R.M. Zinkernagel (Switzerland) for their
discoveries concerning the specificity of the cell mediated immune defense ("dual recognition").
1997 S.B. Prusiner (USA) for the discovery of prions as a new biological principle of infection.
1999 G. Blobel (USA) for discoveries concerning signal transduction.
•

Eradication of smallpox (1979, WHO)
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Vaccination
A process of induction of immunity to a pathogen by deliberate injection of a weaken, modified
or related form of the pathogen which is no longer pathogenic.
Other historic events & important findings:
–

L. Pasteur (1880s)- Vaccines against cholera, and rabies

–

R. Kock (late 19th century)- Infections caused by microorganisms

–

P. Ehrlich et al. (1890s)- Serum factors transfer of immunity

–

Behring & Kitasato (1890s)- Antibodies in serum bound to pathogens

–

Porter & Edelman (1960s)- Antibody structure

–

J. Gowans (1960s)- Immunological importance of lymphocytes
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Composition of the immune system Natural Innate-like immunity with adaptive features Innate
Innate
•None antigen specific
•No immunological memory
•Rapid reactivity
•Linear amplification of the reaction
Adaptive
•Antigen specific
•Immunological memory
•Activated after a latency
•Exponential amplification of the reaction
Natural Innate
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Like immunity with adaptive features
Innate immune system
 Pattern recognition receptors (PRR)
 Pathogen associated molecular patterns (PAMP)
 First line defence
 Low number of molecularly distinct receptors and high number of recognized patterns
 Main molecular components: Antibacterial peptides, Complement factors and their receptors,
Heat shock proteins, Fc receptors, Inflammatory cytokines, Growth factors, Histamine
 Main cellular components: Macrophages, Monocytes, NK cells, Granulocytes, Mast cells
Adaptive immune system
 Antigen receptor (BCR,TCR)
 Epitope specific in a given antigen
 Adaptive immune response
 High number of distinct antigen receptors and high number of recognized antigens
 Main molcelar components: Antibodies, MHC, T and B cell receptors, Lymphatic citokines 
Main cellular components: T cells (both αβ and γδ), B cells, Antigen presenting cells
Natural immune system
 Antigen recognition receptors (BCR,TCR) with limited specificity
Patern recognition profile  Innate-like immune response  Limited number of distinct antigen
receptors and high number of recognized antigens
 Main cellular components: iNKT cells, iγδT cells, MAIT cells, IEL cells, CD5+ B cells Main
molcelar components: natural (auto) antibodies
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Size of the immune system
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The bursa of Fabricius in birds

Cells,

tissues

and

organs

the immune system
•

Immune cells are bone marrow-derived, & distributed through out the body

•

Primary lymphoid organs:

•

–

Thymus: T cell maturation

–

Bone marrow (bursa of Fabricius in birds): B cell maturation

Secondary lymphoid organs:
–

Lymph nodes

–

Spleen

–

Mucosal lymphoid tissues (lung, gut)
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of

Types of immunity
•

•

Innate (natural) immunity
–

Phagocytes etc.

–

Early, rapid responses, but limited & ‘non-specifc’

Adaptive (acquired) immunity
–

Lymphocytes (B & T cells)

–

Take time but powerful - ‘specificity + memory’

Measles attacks & immunological memory

“Memory” in adaptive immunity
•

1st infection  memory  2nd infection
slow response

fast response
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pathogen proliferate

pathogen killed

disease

no disease

symptoms

no symptom

Memory & specificity – key features of the adaptive immunity
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Immunological memory & vaccination
•

Natural infections:
1st infection  memory 

•

2nd infection

slow response

fast response

pathogens multiply

pathogens disposed

Symptoms/disease

no disease

Vaccination  memory  nature infections
no disease

fast response
pathogens disposed
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no disease
Vaccination protects us from infection by inducing the adaptive immune response, but
bypassing the need for a primary infection
Theoretical basis for immunological specificity and memory
•

Theory of Clonal Selection

•

Establishment of lymphocyte memory pool

Ehrlich‘s ―Side-chain Hypothesis‖
(1900)
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Burnet‘s ―Clonal Selection‖ Theory
Each lymphocyte produces one type of Ag receptors only, antigen selects and stimulates cells
carrying receptors specific for the antigen
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2
2

2
2

2

2

2

Antigen substance, which is recognized by T cell and/or B cell receptors, and it is able to induce
active immune response or tolerance according to the host immunogenetic background (MHC
haplotype).

Factors determining the immunogenity
• immunodominant regions
• chemical structure (inorganic molecules are not antigens at general, but e.g. heavy metals in
protein complex are able to induce specific metal allergies). The best antigens are
proteins>polypeptides>polysaccharides>lipides>nucleic acids
• physico-chemical nature (D and L configuration; ortho-, para,- meta position; hydrophilic and
hydrophobic amino acid sequence)
• molecular weight (not an absolute category)
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• conformation sensitivity (folding and refolding)
• Origin auto-, allo-, xenoantigen
• mode and anatomic region of the administration (e.g. peripheral immune reaction and oral
tolerance for the same antigen depending from the place of the antigen presentation)
• dose dependence (large and low dose)
• Valency: monovalent, bivalent, and multivalent antigens

Immunological memory
•

The ability of the immune system to respond more rapidly and effectively to specific
pathogens that have been encountered previously.
23

•

Reflection of the pre-existence of a clonally expanded population (pool) of antigen
specific lymphocytes.

The adaptive immune mechanisms
•

Humoral immune responses
–

•

B cells and antibodies

Cell mediated immune responses
–

Cytotoxic T cell (Tc)

–

Helper T cells (TH)

The Immune Recognition Molecules of the Adaptive Immune System
Immunoglobulin (Ig)
-

B Cell Receptor (BCR)

-

Antibody (Ab)

-

T Cell Receptor (TCR)

2. Major Histocompatibility Complex (MHC)
Recognition molecules in the adaptive immune system
Immunoglobulins
B cell receptors (BcR)
T cell receptors (TcR)
MHC class I and class II
Specialized molecules manage antigen recognition. The common structural features of these
molecules are the well-conserved (constant) basic elements (designed by 110 amino acids
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domain units) containing variable, antigen specific parts (binding sites) for the recognition and
ligand formation.
B Cells
work chiefly by secreting soluble substances known as antibodies (Ab)

Ab basic structure
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Immunoglobulins
Monofunctional character (specific antigen recognition and binding) before the antigen
administration. Fab dependent function.
Polyfunctional character after the antigen administration (signal transduction, complement
fixation, opsonization, immunocomplex formation, FcR binding, etc). Fc dependent functions.
Immunoglobulin isotypes
• Based upon the constant structures of heavy (H) and light (L) chains
• CH isotypes: called Ig classes and subclasses as IgG, IgM, IgA, IgD and IgE. All classes are
represented in a normal serum (except the membrane bound IgD) as isotype variants.
• CL chain exists in two isotypic forms: kappa (κ) and lambda (λ), which can associate with all
heavy chain isotypes.
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Ab V and C regions

Antibody functions
•

Neutralization: e.g. toxins, viruses

•

Opsonization: bind pathogens for recognition by other immune cells (e.g. phagocytes)
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TH cells play a central role in the immune system
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Immunological tolerance
•

A state of unresponsiveness to a particular Ag - Ag specific
–

to Ags derived from body‘s own tissues/cells - self tolerance
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–

to pathogen-derived/foreign Ags

The concepts of immunological ‗self‘ & ‗non-self‘
•

Immune system does not attack self-tissues or cells under normal condition, but how?
–

Central tolerance – ―thymic education‖

–

Peripheral tolerance – failed-safe mechanisms

Central tolerance
– “thymic education”
•

Early in life (foetal stage)

•

T cells are important, which develop in the thymus

•

TCR specificities: randomly generated  many auto-reactive

•

T cells recognize self components (Ag) in the thymus  removed

•

Non-self reactive cells  selected, matured & exported

Peripheral tolerance
•

•

Post-thymic “continuing education”
•

not all self Ags present in the thymus

•

some auto-reactive cells can escape

Mechanisms:
•

Deletion

•

Inactivation (anergy)

•

Suppression
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CHAPTER TWO
CYTOKINES
Cytokines are road and loose category of small proteins (~5–20 kDa) that are important in cell
signaling. Their release has an effect on the behavior of cells around them. It can be said that
cytokines are involved in autocrine signalling, paracrine signalling and endocrine signalling as
immunomodulating agents. Their definite distinction from hormones is still part of ongoing
research. Cytokines include chemokines, interferons, interleukins, lymphokines, and tumour
necrosis factors but generally not hormones or growth factors (despite some overlap in the
terminology). Cytokines are produced by road range of cells, including immune cells
like macrophages, B lymphocytes, T lymphocytes and mast cells, as well as endothelial
cells, fibroblasts, and various stromal cells; a given cytokine may be produced by more than one
type of cell.
They act through receptors, and are especially important in the immune system; cytokines
modulate the balance between humoral and cell-based immune responses, and they regulate the
maturation, growth, and responsiveness of particular cell populations. Some cytokines enhance
or inhibit the action of other cytokines in complex ways.
They are different from hormones, which are also important cell signaling molecules, in that
hormones circulate in less variable concentrations and hormones tend to be made by specific
kinds of cells.
They are important in health and disease, specifically in host responses to infection, immune
responses, inflammation, trauma, sepsis, cancer, and reproduction.
Classic hormones circulate in nanomolar (10-9 M) concentrations that usually vary by less than
one order of magnitude. In contrast, some cytokines (such as IL-6) circulate in picomolar (10-12
M) concentrations that can increase up to 1,000-fold during trauma or infection. The widespread
distribution of cellular sources for cytokines may be a feature that differentiates them from
hormones. Virtually all nucleated cells, but especially endo/epithelial cells and resident
macrophages (many near the interface with the external environment) are potent producers of IL1, IL-6, and TNF-α. In contrast, classic hormones, such as insulin, are secreted from discrete
glands (e.g., the pancreas). As of 2008, the current terminology refers to cytokines as
34

immunomodulating agents. However, more research is needed in this area of defining cytokines
and hormones.
Part of the difficulty with distinguishing cytokines from hormones is that some of the
immunomodulating effects of cytokines are systemic rather than local. For instance, to use
hormone terminology, the action of cytokines may be autocrine or paracrine in chemotaxis or
chemokinesis and endocrine as a pyrogen. Further, as molecules, cytokines are not limited to
their immunomodulatory role.
Cytokines have been classed as lymphokines, interleukins, and chemokines, based on their
presumed function, cell of secretion, or target of action. Because cytokines are characterised by
considerable redundancy and pleiotropism, such distinctions, allowing for exceptions, are
obsolete.
The term interleukin was initially used by researchers for those cytokines whose presumed
targets are principally leukocytes. It is now used largely for designation of newer cytokine
molecules and bears little relation to their presumed function. The vast majority of these are
produced by T-helper cells.
Lymphokines, produced by lymphocytes
Monokines, produced exclusively by monocytes
Interferons, involved in antiviral responses
Colony stimulating factors, support the growth of cells in semisolid media
Chemokines mediate chemoattraction (chemotaxis) between cells.
Classification of Cytokines
Structural homogeneity has been able to partially distinguish between cytokines that do not
demonstrate a considerable degree of redundancy so that they can be classified into four types:


The four-α-helix bundle family: member cytokines have three-dimensional structures with
four bundles of α-helices. This family, in turn, is divided into three sub-families:
1. the IL-2 subfamily
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2. the interferon (IFN) subfamily
3. the IL-10 subfamily.


The first of these three, the IL-2 subfamily, is the largest. It contains several nonimmunological cytokines including erythropoietin(EPO) and thrombopoietin (TPO).
Furthermore, four-α-helix bundle cytokines can be grouped into long-chain and shortchaincytokines.



the IL-1 family, which primarily includes IL-1 and IL-18



the IL-17 family, which has yet to be completely characterized, though member cytokines
have a specific effect in promoting proliferation of T-cells that cause cytotoxic effects.



the cysteine-knot cytokines include members of the transforming-growth-factor-beta
superfamily, including TGF-β1, TGF-β2 and TGF-β3.

Functional; A classification that proves more useful in clinical and experimental practice
outside of structural biology divides immunological cytokines into those that enhance cellular
immune responses, type 1 (TNFα, IFN-γ, etc.), and type 2 (TGF-β, IL-4, IL-10, IL-13, etc.),
which favor antibody responses.
A key focus of interest has been that cytokines in one of these two sub-sets tend to inhibit the
effects of those in the other. Dysregulation of this tendency is under intensive study for its
possible role in the pathogenesis of autoimmune disorders.
Several inflammatory cytokines are induced by oxidative stress, The fact that cytokines
themselves trigger the release of other cytokines and also lead to increased oxidative stress
makes them important in chronic inflammation, as well as other immunoresponses, such as fever
and acute phase proteins of the liver (IL-1,6,12, IFN-a).
Cytokines also play a role in anti-inflammatory pathways and are a possible therapeutic
treatment for pathological pain from inflammation or peripheral nerve injury. There are both proinflammatory and anti-inflammatory cytokines that regulate this pathway.
Cytokine receptor
In recent years, the cytokine receptors have come to demand the attention of more investigators
than cytokines themselves, partly because of their remarkable characteristics, and partly because
a deficiency of cytokine receptors has now been directly linked to certain debilitating
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immunodeficiency states. In this regard, and also because the redundancy and pleomorphism of
cytokines are, in fact, a consequence of their homologous receptors, many authorities think that a
classification of cytokine receptors would be more clinically and experimentally useful.
A classification of cytokine receptors based on their three-dimensional structure has, therefore,
been attempted. Such a classification, though seemingly cumbersome, provides several unique
perspectives for attractive pharmacotherapeutic targets.


Immunoglobulin (Ig) superfamily, which are ubiquitously present throughout several cells
and tissues of the vertebrate body, and share structural homology with immunoglobulins
(antibodies), cell adhesion molecules, and even some cytokines. Examples: IL-1 receptor
types.



Hemopoietic Growth Factor (type 1) family, whose members have certain conserved motifs
in their extracellular amino-acid domain. The IL-2 receptor belongs to this chain, whose γchain (common to several other cytokines) deficiency is directly responsible for the x-linked
form of Severe Combined Immunodeficiency (X-SCID).



Interferon (type 2) family, whose members are receptors for IFN β and γ.



Tumor necrosis factors (TNF) (type 3) family, whose members share a cysteine-rich
common

extracellular

binding

domain,

and

includes

several

other

non-

cytokine ligands like CD40, CD27 and CD30, besides the ligands on which the family is
named (TNF).


Seven transmembrane helix family, the ubiquitous receptor type of the animal kingdom.
All G protein-coupled receptors (for hormones and neurotransmitters) belong to this family.
Chemokine receptors, two of which act as binding proteins for HIV (CD4 and CCR5), also
belong to this family.



Interleukin-17 receptor (IL-17R) family, which shows little homology with any other
cytokine receptor family. Structural motifs conserved between members of this family
include: an extracellular fibronectin III-like domain, a transmembrane domain and a
cytoplasmic SERIF domain. The known members of this family are as follows: IL-17RA,
IL-17RB, IL-17RC, IL17RD and IL-17RE.
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Cellular effects;
Each cytokine has a matching cell-surface receptor. Subsequent cascades of intracellular
signalling then alter cell functions. This may include the upregulation and/or downregulation of
several genes and their transcription factors, resulting in the production of other cytokines, an
increase in the number of surface receptors for other molecules, or the suppression of their own
effect by feedback inhibition.
The effect of a particular cytokine on a given cell depends on the cytokine, its extracellular
abundance, the presence and abundance of the complementary receptor on the cell surface, and
downstream signals activated by receptor binding; these last two factors can vary by cell type.
Cytokines are characterized by considerable "redundancy", in that many cytokines appear to
share similar functions.
It seems to be a paradox that cytokines binding to antibodies have a stronger immune effect than
the cytokine alone. This may lead to lower therapeutic doses.
Said et al. showed that inflammatory cytokines cause an IL-10-dependent inhibition of T-cell
expansion and function by up-regulating PD-1 levels on monocytes which leads to IL-10
production by monocytes after binding of PD-1 by PD-L.
Adverse reactions to cytokines are characterized by local inflammation and/or ulceration at the
injection sites. Occasionally such reactions are seen with more widespread papular eruptions
Roles of endogenous cytokines in health and disease
Cytokines are often involved in several developmental processes during embryogenesis.
Cytokines are crucial for fighting off infections and in other immune responses. However, they
can become dysregulated and pathological in inflammation, trauma, and sepsis.
Adverse effects of cytokines have been linked to many disease states and conditions ranging
from schizophrenia, major depressionand Alzheimer's disease to cancer. Normal tissue integrity
is preserved by feedback interactions between diverse cell types mediated by adhesion molecules
and secreted cytokines; disruption of normal feedback mechanisms in cancer threatens tissue
integrity. Over-secretion of cytokines can trigger a dangerous syndrome known as a cytokine
storm; this may have been the cause of severe adverse events during a clinical trial of TGN1412.
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Cytokine storms are suspected to be the main cause of death in the 1918 "Spanish
Flu" pandemic. Deaths were weighted more heavily towards people with healthy immune
systems, due to its ability to produce stronger immune responses, likely increasing cytokine
levels. Another important example of cytokine storm is seen in acute pancreatitis. Cytokines are
integral and implicated in all angles of the cascade resulting in the systemic inflammatory
response syndrome and multi organ failure associated with this intra-abdominal catastrophe.
Proinflammatory cytokine
A proinflammatory cytokine or more simply an inflammatory cytokine is a type of signaling
molecule (a cytokine) that is excreted from immune cells like helper T cells (Th)
and macrophages,

and

certain

include interleukin-1(IL-1), IL-12,

other

cell

types

and IL-18, tumor

that

promote inflammation.

necrosis

They

factor (TNF), interferon

gamma (IFN-gamma), and granulocyte-macrophage colony stimulating factor and play an
important role in mediating the innate immune response. Inflammatory cytokines are
predominately produced by and involved in the upregulation of inflammatory reactions.
Excessive chronic production of inflammatory cytokines contribute to inflammatory diseases,
that have been linked to different diseases, such as atherosclerosis and cancer. Dysregulation has
also been linked to depression and other neurological diseases. alance between proinflammatory
and anti-inflammatory cytokines is necessary to maintain health. Aging and exercise also play a
role in the amount of inflammation from the release of proinflammatory cytokines.
Therapies to treat inflammatory diseases include monoclonal antibodies that either neutralize
inflammatory cytokines or their receptors
A proinflammatory cytokine or an inflammatory cytokine is a type of cytokine (signaling
molecule) that is excreted from immune cells and certain other cell types that
promotes inflammation. Inflammatory cytokines are predominately produced by helper T
cells (Th)

and macrophages and

involved

in

the

upregulation

of

inflammatory

reactions. Therapies to treat inflammatory diseases include monoclonal antibodies that either
neutralize inflammatory cytokines or their receptors.
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Proinflammatory

cytokines

include interleukin-1 (IL-1), IL-12,

and IL-18, tumor

necrosis

factor (TNF), interferon gamma (IFN-gamma), and granulocyte-macrophage colony stimulating
factor.
Function of proinflammatory cytokines
Inflammatory cytokines play a role in initiating the inflammatory response and to regulate the
host defence against pathogens mediating the innate immune response. Some inflammatory
cytokines have additional roles such as acting as growth factors. Pro-inflammatory cytokines
such as IL-1β, IL-6, and TNF-α also trigger pathological pain. While IL-1β is released by
monocytes and macrophages, it is also present in nocieptive DRG neurons. IL-6 plays a role in
neuronal reaction to an injury. TNF-α is a well known proinflammatory cytokine present in
neurons and the glia. TNF-α is often involved in different signaling pathways to regulate
apoptosis in the cells. Excessive chronic production of inflammatory cytokines contribute
to inflammatory

diseases. that

have

been

linked

to

different

diseases,

such

as atherosclerosis and cancer. Dysregulation of proinflammatory cytokines have also been linked
to depression and other neurological diseases. alance between proinflammatory and antiinflammatory cytokines is necessary to maintain health. Aging and exercise also play a role in
the amount of inflammation from the release of proinflammatory cytokines
Anti-inflammatory cytokines
The anti-inflammatory cytokines are a series of immunoregulatory molecules that control the
proinflammatory cytokine response. Cytokines act in concert with specific cytokine inhibitors
and soluble cytokine receptors to regulate the human immune response. Their physiologic role in
inflammation and pathologic role in systemic inflammatory states are increasingly recognized.
Major anti-inflammatory cytokines include interleukin (IL)-1 receptor antagonist, IL-4, IL-6, IL10, IL-11, and IL-13. Specific cytokine receptors for IL-1, tumor necrosis factor-alpha, and IL18 also function as proinflammatory cytokine inhibitors.
Inflammation is characterized by an interplay between pro- and anti-inflammatory cytokines.
Cytokines are commonly classified in one or the other category: interleukin-1 (IL-1), tumor
necrosis factor (TNF), gamma-interferon (IFN-gamma), IL-12, IL-18 and granulocyte40

macrophage colony stimulating factor are well characterized as pro-inflammatory cytokines
whereas IL4, IL-10, IL-13, IFN-alpha and transforming growth factor-beta are recognized as
anti-inflammatory cytokines. In this review, we point out that this classification is far too
simplistic and we provide numerous examples illustrating that a given cytokine may behave as a
pro- as well as an anti-inflammatory cytokine. Indeed, the cytokine amount, the nature of the
target cell, the nature of the activating signal, the nature of produced cytokines, the timing, the
sequence of cytokine action and even the experimental model are parameters which greatly
influence cytokine properties.
The principal anti-inflammatory cytokines and cytokine inhibitors are listed in Tables 1, 2. The
functional definition of an anti-inflammatory cytokine is the ability of the cytokine to inhibit the
synthesis of IL-1, tumor necrosis factor (TNF), and other major proinflammatory cytokines.
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Table 1: Cytokines with anti-inflammatory activities
Cytokines

Il-1ra

IL-4

IL-6

IL-10

IL-11

IL-13

TGF-β

Major Activities
Specific inhibitor of IL-1α and IL-1β mediated cellular activation at the IL-1
cellular receptor level
Promotes

Th2

lymphocyte

development;

inhibition

of

LPS-induced

proinflammatory cytokines synthesis
Inhibition of TNF and IL-1 production by macrophages
Inhibition of monocyte/macrophage and mrutrophil cytokine production and
inhibition of TH1-type lymphocyte responses
Inhibits proinflammatory cytokines response by monocyte/macrophages and
promotes Th2 lymphocyte response
Shares homology with IL-4 and shares IL-4 receptor; attenuation of
monocyte/macrophage function
Inhibition

of

monocyte/macrophage

proinflammatory cytokines synthesis

42

MHC,

class

II

expression

and

Table 2: Soluble Cytokin Receptors With Anti-inflammatory Activities
Solube receptor

Solube TNF receptor p55 (sTNFRI or sTNFRp55)

Solube TNF receptor p75(sTNFRII or sTNFRP75)

Soluble IL-1 receptor type 2 (sIL-1RII)

Major Activities
Binds to TNF trimers in the circulation, preventing
membrane-bound TNF receptor-TNF ligand interactions
Binds to TNF trimers in the circulation, preventing
membrane-bound TNF receptor-TNF ligand interactions
Binds to circulating IL-1 ligands in the plasma,
preventing IL-1β from binding to the IL-1 receptor type 1
Decoy receptor that lacks intracellular signaling function

Membrane-bound IL-1 receptor type 2 (mIL-1RII)

and competes with type 1 IL-1R for IL-1 ligand binding
at the cell membrane

IL-18 binding protein (IL-18BP)

Solube extracellular domain of IL-18 receptor that
function as a decoy receptor and binds circulating IL-18
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Anti-inflammatory cytokines list 1: IL-1ra
IL-1ra is a 152-amino-acid protein that functions as a specific inhibitor of the two other
functional members of the IL-1 family, IL-1a and IL-1 b. IL-1rlocks the action of IL-1a and IL1b functional ligands by competitive inhibition at the IL-1 receptor level. IL-1rinds with equal
or greater affinity than does IL-1a and IL-1 b to the type 1 (80 kd) membrane-bound IL-1
receptor. IL-1ra does not bind with high affinity to the type II (68 kd) IL-1 receptor.
IL-1ra is produced by monocytes and macrophages and is released into the systemic circulation
in >100-fold excess than either IL-1a or IL-1 b after lipopolysaccharide (LPS) stimulation in
human volunteers. The synthesis of IL-1ra and IL-1 b are differentially regulated at their own
promoter sites. Although bacterial LPS stimulates the synthesis of both IL-1b and IL-1ra, other
stimuli cause differential release of IL-1ra and IL-1 b. The anti-inflammatory cytokines IL-4,
IL-6, IL-10, and IL-13 inhibit the synthesis of IL-1 b, yet they stimulate the synthesis of IL-1ra.
Because IL-1 is such a prominent proinflammatory cytokine in a multitude of systemic
inflammatory states, IL-1ra has been extensively studied in clinical trials as a specific IL-1
inhibitor. Despite convincing evidence that IL-1 plays an important role in the pathogenesis of
bacterial sepsis, the results of IL-1ra therapy in large phase III clinical trials for severe sepsis
have been disappointing. Nonetheless, IL-1ra continues to be a promising new treatment for the
management of patients with refractory forms of rheumatoid arthritis.
Anti-inflammatory cytokines list 2: IL-4
IL-4 is a highly pleiotropic cytokine that is able to influence Th cell differentiation. Early
secretion of IL-4 leads to polarization of Th cell differentiation toward Th2-like cells. Th2-type
cells secrete their own IL-4, and subsequent autocrine production of IL-4 supports cell
proliferation. The Th2- cell secre-infections is not adequately defined and will necessitate
additional clinical investigation. IL-4 is able to affect a variety of structural cells. It can
potentiate proliferation of vascular endothelium and skin fibroblasts yet decrease proliferation of
adult human astrocytes and vascular smooth muscle cells. In addition, IL-4 induces a potent
cytotoxic response against tumors. In a study of 63 patients with stage IV non-small cell lung
cancer, data on treatment with recombinant human IL-4 seemed to suggest a possible doserelated response. IL-4 may act by stabilizing disease and modifying tumor growth rates in
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addition to inducing tumor shrinkage and cell death without causing severe side effects,
suggesting a possible adjuvant role for IL-4 in the treatment of malignant diseases.
Anti-inflammatory cytokines list 3: IL-6
IL-6 has long been regarded as a proinflammatory cytokine induced by LPS along with TNF-a
and IL-1. IL-6 is often used as a marker for systemic activation of proinflammatory cytokines.
Like many other cytokines, IL-6 has both proinflammatory and anti-inflammatory properties.
Although IL-6 is a potent inducer of the acute-phase protein response, it has anti-inflammatory
properties as well. IL-6, like other members of the gp130 receptor ligand family, acts
predominantly as an anti-inflammatory cytokine. IL-6 down-regulates the synthe-sis of IL-1 and
TNF.
IL-6 attenuates the synthesis of the proinflammatory cytokines while having little effect on the
synthesis of anti-inflammatory cytokines such as IL-10 and transforming growth factor- b
(TGF- b). IL-6 induces the synthesis of glucocorticoids and promotes the synthesis of IL-1ra
and soluble TNF receptor release in human volunteers. At the same time, IL-6 inhibits the
production of proinflammatory cytokines such as GM-CSF, IFN- g, and MIP-2. The net result
of these immunologic effects place IL-6 the anti-inflammatory cytokine group.
Anti-inflammatory cytokines list 4: IL-10
IL-10 is the most important anti-inflammatory cytokine found within the human immune
response. It is a potent inhibitor of Th1 cytokines, including both IL-2 and IFN- g. This activity
accounts for its initial designation as cytokine synthesis inhibition factor. In addition to its
activity as a Th2 lymphocyte cytokine, IL-10 is also a potent deactivator of
monocyte/macrophage proinflammatory cytokine synthesis. After engaging its high-affinity
110-kd cellular receptor, IL-10 inhibits monocyte/macrophage-derived TNF-a, IL-1, IL-6, IL-8,
IL-12, granulocyte colony-stimulating factor, MIP-1 a, and MIP-2a.
Anti-inflammatory cytokines list 5: IL-11
IL-11 has been shown to attenuate IL-1 and TNF synthesis from macrophages by up-regulating
inhibitory NF-kB (in-hibitory NF-kB) synthesis in monocyte/macrophage cell lines. Inhibitory
NF- kB prevents NF- kB from translocating to the nucleus where NF- kB functions as a
transcriptional activator for the proinflammatory cytokines. IL-11 has also been shown to inhibit
the synthesis of IFN-g and IL-2 by CD41 T cells. IL-11 functions as a Th2-type cytokine, with
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induction of IL-4 and Inhibition of Th1-type cytokines. IL-11 does not induce the synthesis of
IL-10 or TGF- b. This indicates that IL-11 is a direct inhibitor of Th1 lymphocytes and does not
act indirectly through induction of IL-10.
Anti-inflammatory cytokines list 6: IL-13
IL-13 and IL-4 share a common cellular receptor (IL-4 type 1 receptor), and this accounts for
many of the similarities between these two anti-inflammatory cytokines. IL-4 and IL-13 share
only 20% to 25% primary amino acid homology, but the majora-helical regions that are
essential for their activity are highly homologous. IL-13 can down-regulate the production of
TNF, IL-1, IL-8, and MIP-1α by monocytes and has profound effects on expression of surface
molecules on both monocytes and macrophages.
Anti-inflammatory cytokines list 6: TGF-β
Like many cytokines, TGF-β has both pro- and anti-inflammatory effects. It functions as
iological switch, antagonizing or modifying the action of other cytokines or growth factors. The
presence of other cytokines may modulate the cellular response to TGF-β, and the effect may
differ depending on the activation state of the cell. TGF-β is capable of converting an active site
of inflammation into one dominated by resolution and repair. TGF-b often exhibits disparate
effects with immune-enhancing activity in local tissues and immune-suppressive activity in the
systemic circulation. TGF-β1 suppresses the proliferation and differentiation of T cells and B
cells and limits IL-2, IFN- g, and TNF production. TGF-β1 acts as a monocyte/macrophage
deactivator in a manner similar to IL-10. However, TGF-βis less potent an inhibitor than IL-10
and has little or no effect on IL-1 production. The severe and uncontrolled inflammatory
reactions observed in the TGF-β1 knockout mouse attests to the physiologic role of TGF-b as an
endogenous anti-inflammatory cytokine.
There are also many soluble cytokine receptors as anti-inflammatory molecules. Such as: type 1
(p55) and type 2 (p75) receptors for human TNF-α.
INFLAMMATION
Inflammation is part of the complex biological response of body tissues to harmful stimuli,
such as pathogens, damaged cells, or irritants, and is a protective response involving immune
cells, blood vessels, and molecular mediators. The function of inflammation is to eliminate the

46

initial cause of cell injury, clear out necrotic cells and tissues damaged from the original insult
and the inflammatory process, and to initiate tissue repair.
The classical signs of inflammation are heat, pain, redness, swelling, and loss of function.
Inflammation is a generic response, and therefore it is considered as a mechanism of innate
immunity, as compared to adaptive immunity, which is specific for each pathogen. Too little
inflammation could lead to progressive tissue destruction by the harmful stimulus (e.g. bacteria)
and compromise the survival of the organism. In contrast, chronic inflammation may lead to a
host of diseases, such as hay fever, periodontitis, atherosclerosis, rheumatoid arthritis, and even
cancer (e.g., gallbladder carcinoma). Inflammation is therefore normally closely regulated by the
body.
Inflammation can be classified as either acute or chronic. Acute inflammation is the initial
response of the body to harmful stimuli and is achieved by the increased movement
of plasma and leukocytes (especially granulocytes) from the blood into the injured tissues. A
series of biochemical events propagates and matures the inflammatory response, involving the
local vascular system, the immune system, and various cells within the injured tissue. Prolonged
inflammation, known as chronic inflammation, leads to a progressive shift in the type of cells
present at the site of inflammation, such as mononuclear cells, and is characterized by
simultaneous destruction and healing of the tissue from the inflammatory process.
Inflammation is not a synonym for infection. Infection describes the interaction between the
action of microbial invasion and the reaction of the body's inflammatory response — the two
components are considered together when discussing an infection, and the word is used to imply
a microbial invasive cause for the observed inflammatory reaction. Inflammation on the other
hand describes purely the body's immunovascular response, whatever the cause may be. But
because of how often the two are correlated, words ending in the suffix -itis(which refers to
inflammation) are sometimes informally described as referring to infection. For example, the
word urethritis strictly

means

only

"urethral

inflammation",

but

clinical health

care

providers usually discuss urethritis as a urethral infection because urethral microbial invasion is
the most common cause of urethritis.
It is useful to differentiate inflammation and infection as there are many pathological situations
where inflammation is not driven by microbial invasion – for example, atherosclerosis, type III
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hypersensitivity, trauma, ischaemia. There are also pathological situations where microbial
invasion

does

not

result

in

classic

inflammatory

response—for

example, parasitosis, eosinophilia.
Signs of Acute Inflamation
Acute inflammation is a short-term process, usually appearing within a few minutes or hours and
begins to cease upon the removal of the injurious stimulus. It involves a coordinated and
systemic mobilization response locally of various immune, endocrine and neurological mediators
of acute inflammation. In a normal healthy response, it becomes activated, clears the pathogen
and begins a repair process and then ceases. It is characterized by five cardinal signs:
An acronym that may be used to remember the key symptoms is "PRISH", for pain, redness,
immobility (loss of function), swelling and heat.
The traditional names for signs of inflammation come from Latin:


Dolor (pain)



Calor (heat)



Rubor (redness)



Tumor (swelling)



Functio laesa (loss of function)

The first four (classical signs) were described by Celsus (ca. 30 BC–38 AD), while loss of
function was added later by Galen even though the attribution is disputed and the origination of
the fifth sign has also been ascribed to Thomas Sydenham and Virchow.
Redness and heat are due to increased blood flow at body core temperature to the inflamed site;
swelling is caused by accumulation of fluid; pain is due to the release of chemicals such as
bradykinin and histamine that stimulate nerve endings. Loss of function has multiple causes.
Acute inflammation of the lung (usually caused in response to pneumonia) does not cause pain
unless the inflammation involves the parietal pleura, which does have pain-sensitive nerve
endings.
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Process of acute inflammation
The process of acute inflammation is initiated by resident immune cells already present in the
involved tissue, mainly resident macrophages, dendritic cells, histiocytes, Kupffer cells and mast
cells. These cells possess surface receptors known as pattern recognition receptors (PRRs),
which recognize (i.e., bind) two subclasses of molecules: pathogen-associated molecular
patterns (PAMPs) and damage-associated molecular patterns (DAMPs). PAMPs are compounds
that are associated with various pathogens, but which are distinguishable from host molecules.
DAMPs are compounds that are associated with host-related injury and cell damage.
At the onset of an infection, burn, or other injuries, these cells undergo activation (one of the
PRRs recognize a PAMP or DAMP) and release inflammatory mediators responsible for the
clinical signs of inflammation. Vasodilation and its resulting increased blood flow causes the
redness (rubor) and increased heat (calor). Increased permeability of the blood vessels results in
an exudation (leakage) of plasma proteins and fluid into the tissue (edema), which manifests
itself as swelling (tumor). Some of the released mediators such as bradykinin increase the
sensitivity to pain (hyperalgesia, dolor). The mediator molecules also alter the blood vessels to
permit the migration of leukocytes, mainly neutrophils and macrophages, outside of the blood
vessels (extravasation) into the tissue. The neutrophils migrate along a chemotactic gradient
created by the local cells to reach the site of injury. The loss of function (functio laesa) is
probably the result of a neurological reflex in response to pain.
In addition to cell-derived mediators, several acellular biochemical cascade systems consisting of
preformed plasma proteins act in parallel to initiate and propagate the inflammatory response.
These include the complement system activated by bacteria and the coagulation and fibrinolysis
systems activated by necrosis, e.g. urn or a trauma.
The acute inflammatory response requires constant stimulation to be sustained. Inflammatory
mediators are short-lived and are quickly degraded in the tissue. Hence, acute inflammation
begins to cease once the stimulus has been removed
The cellular component
The cellular component involves leukocytes, which normally reside in blood and must move into
the inflamed tissue via extravasation to aid in inflammation. Some act as phagocytes,
49

ingesting bacteria, viruses, and cellular debris. Others release enzymatic granules that damage
pathogenic invaders. Leukocytes also release inflammatory mediators that develop and maintain
the inflammatory response. In general, acute inflammation is mediated by granulocytes, whereas
chronic inflammation is mediated by mononuclear cells such as monocytesand lymphocytes.
Phagocytosis
Extravasated neutrophils in the cellular phase come into contact with microbes at the inflamed
tissue. Phagocytesexpress cell-surface endocytic pattern recognition receptors (PRRs) that have
affinity and efficacy against non-specific microbe-associated molecular patterns (PAMPs). Most
PAMPs that bind to endocytic PRRs and initiate phagocytosis are cell wall components,
including

complex

carbohydrates

such

as mannans and

β-

glucans, lipopolysaccharides (LPS), peptidoglycans, and surface proteins. Endocytic PRRs on
phagocytes reflect these molecular patterns, with C-type lectin receptors binding to mannans and
β-glucans, and scavenger receptorsbinding to LPS.
Upon endocytic PRR binding, actin-myosin cytoskeletal rearrangement adjacent to the plasma
membrane occurs in a way that endocytoses the plasma membrane containing the PRR-PAMP
complex, and the microbe. Phosphatidylinositol and Vps34-Vps15-Beclin1 signalling pathways
have been implicated to traffic the endocytosed phagosome to intracellular lysosomes, where
fusion of the phagosome and the lysosome produces a phagolysosome. The reactive oxygen
species, superoxides and hypochlorite bleach within the phagolysosomes then kill microbes
inside the phagocyte.
Phagocytic efficacy can be enhanced by opsonization. Plasma derived complement C3b and
antibodies that exude into the inflamed tissue during the vascular phase bind to and coat the
microbial antigens. As well as endocytic PRRs, phagocytes also express opsonin receptors Fc
receptor and complement receptor 1 (CR1), which bind to antibodies and C3b, respectively. The
co-stimulation of endocytic PRR and opsonin receptor increases the efficacy of the phagocytic
process, enhancing the lysosomal elimination of the infective agent.
Inflammatory Abnormalities
Inflammatory abnormalities are a large group of disorders that underlie a vast variety of human
diseases. The immune system is often involved with inflammatory disorders, demonstrated in
both allergic reactions and some myopathies, with many immune system disorders resulting in
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abnormal inflammation. Non-immune diseases with causal origins in inflammatory processes
include cancer, atherosclerosis, and ischemic heart disease.
Examples of disorders associated with inflammation include:


Acne vulgaris



Asthma



Autoimmune diseases



Autoinflammatory diseases



Celiac disease



Chronic prostatitis



Colitis



Diverticulitis



Glomerulonephritis



Hidradenitis suppurativa



Hypersensitivities



Inflammatory bowel diseases



Interstitial cystitis



Mast Cell Activation Syndrome



Mastocytosis



Otitis



Pelvic inflammatory disease



Reperfusion injury



Rheumatic fever



Rheumatoid arthritis



Rhinitis



Sarcoidosis



Transplant rejection



Vasculitis
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Atherosclerosis
Main article: Atherosclerosis
Atherosclerosis, formerly considered land lipid storage disease, actually involves an ongoing
inflammatory response. Recent advances in basic science have established a fundamental role for
inflammation in mediating all stages of this disease from initiation through progression and,
ultimately, the thrombotic complications of atherosclerosis. These new findings provide
important links between risk factors and the mechanisms of atherogenesis. Clinical studies have
shown that this emerging biology of inflammation in atherosclerosis applies directly to human
patients. Elevation in markers of inflammation predicts outcomes of patients with acute coronary
syndromes, independently of myocardial damage. In addition, low-grade chronic inflammation,
as indicated by levels of the inflammatory marker C-reactive protein, prospectively defines risk
of atherosclerotic complications, thus adding to prognostic information provided by traditional
risk factors. Moreover, certain treatments that reduce coronary risk also limit inflammation. In
the case of lipid lowering with statins, this anti-inflammatory effect does not appear to correlate
with reduction in low-density lipoprotein levels. These new insights into inflammation in
atherosclerosis not only increase our understanding of this disease but also have practical clinical
applications in risk stratification and targeting of therapy for this scourge of growing worldwide
importance.
Allergies
An allergic reaction, formally known as type 1 hypersensitivity, is the result of an inappropriate
immune response triggering inflammation, vasodilation, and nerve irritation. A common
example is hay fever, which is caused by a hypersensitive response by mast cells to allergens.
Pre-sensitised mast cells respond by degranulating, releasing vasoactive chemicals such as
histamine. These chemicals propagate an excessive inflammatory response characterised by
blood vessel dilation, production of pro-inflammatory molecules, cytokine release, and
recruitment of leukocytes. Severe inflammatory response may mature into a systemic response
known as anaphylaxis.
Other hypersensitivity reactions (type 2 and type 3) are mediated by antibody reactions and
induce inflammation by attracting leukocytes that damage surrounding tissue.
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Myopathies
Inflammatory myopathies are caused by the immune system inappropriately attacking
components of muscle, leading to signs of muscle inflammation. They may occur in conjunction
with

other

immune

disorders,

such

as systemic

sclerosis,

and

include dermatomyositis, polymyositis, and inclusion body myositis.
Leukocyte defects
Due to the central role of leukocytes in the development and propagation of inflammation,
defects in leukocyte functionality often result in a decreased capacity for inflammatory defense
with subsequent vulnerability to infection. Dysfunctional leukocytes may be unable to correctly
bind to blood vessels due to surface receptor mutations, digest bacteria (Chédiak–Higashi
syndrome), or produce microbicides (chronic granulomatous disease). In addition, diseases
affecting the bone marrow may result in abnormal or few leukocytes.
Pharmacological
Certain drugs or exogenous chemical compounds are known to affect inflammation. Vitamin
A deficiency causes an increase in inflammatory responses, and anti-inflammatory drugs work
specifically by inhibiting the enzymes that produce inflammatory eicosanoids. Certain illicit
drugs such as cocaine and ecstasy may exert some of their detrimental effects by activating
transcription factors intimately involved with inflammation (e.g. NF-κB).
Cancer
Inflammation orchestrates the microenvironment around tumours, contributing to proliferation,
survival and migration. Cancer cells use selectins, chemokines and their receptors for invasion,
migration and metastasis. On the other hand, many cells of the immune system contribute
to cancer immunology, suppressing cancer. Molecular intersection between receptors of steroid
hormones, which have important effects on cellular development, and transcription factors that
play key roles in inflammation, such as NF-κB, may mediate some of the most critical effects of
inflammatory stimuli on cancer cells. This capacity of a mediator of inflammation to influence
the effects of steroid hormones in cells, is very likely to affect carcinogenesis on the one hand;
on the other hand, due to the modular nature of many steroid hormone receptors, this interaction
may offer ways to interfere with cancer progression, through targeting of a specific protein
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domain in a specific cell type. Such an approach may limit side effects that are unrelated to the
tumor of interest, and may help preserve vital homeostatic functions and developmental
processes in the organism.
According to a review of 2009, recent data suggests that cancer-related inflammation (CRI) may
lead to accumulation of random genetic alterations in cancer cells.
HIV and AIDS
It has long been recognized that infection with HIV is characterized not only by development of
profound immunodeficiency but also by sustained inflammation and immune activation. A
substantial body of evidence implicates chronic inflammation as a critical driver of immune
dysfunction, premature appearance of aging-related diseases, and immune deficiency. Many now
regard HIV infection not only as an evolving virus-induced immunodeficiency but also as
chronic

inflammatory

disease. Even

after

the

introduction

of effective

antiretroviral

therapy (ART) and effective suppression of viremia in HIV-infected individuals, chronic
inflammation persists. Animal studies also support the relationship between immune activation
and progressive cellular immune deficiency: SIVsm infection of its natural nonhuman primate
hosts, the sooty mangabey, causes high-level viral replication but limited evidence of
disease. This lack of pathogenicity is accompanied by a lack of inflammation, immune activation
and cellular proliferation. In sharp contrast, experimental SIVsm infection of rhesus
macaque produces immune activation and AIDS-like disease with many parallels to human HIV
infection.
Delineating how CD4 T cells are depleted and how chronic inflammation and immune activation
are induced lies at the heart of understanding HIV pathogenesis––one of the top priorities for
HIV research by the Office of AIDS Research, National Institutes of Health. Recent studies
demonstrated that caspase-1-mediated pyroptosis, a highly inflammatory form of programmed
cell death, drives CD4 T-cell depletion and inflammation by HIV.These are the two signature
events that propel HIV disease progression to AIDS. Pyroptosis appears to create a pathogenic
vicious cycle in which dying CD4 T cells and other immune cells (including macrophages and
neutrophils) release inflammatory signals that recruit more cells into the infected lymphoid
tissues to die. The feed-forward nature of this inflammatory response produces chronic
inflammation and tissue injury. Identifying pyroptosis as the predominant mechanism that causes
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CD4 T-cell depletion and chronic inflammation, provides novel therapeutic opportunities,
namely caspase-1 which controls the pyroptotic pathway. In this regard, pyroptosis of CD4 T
cells and secretion of pro-inflmammatory cytokines such as IL-1β and IL-18 can be blocked in
HIV-infected human lymphoid tissues by addition of the caspase-1 inhibitor VX-765, which has
already proven to be safe and well tolerated in phase II human clinical trials. These findings
could propel development of an entirely new class of ―anti-AIDS‖ therapies that act by targeting
the host rather than the virus. Such agents would almost certainly be used in combination with
ART. By promoting ―tolerance‖ of the virus instead of suppressing its replication, VX-765 or
related drugs may mimic the evolutionary solutions occurring in multiple monkey hosts (e.g. the
sooty mangabey) infected with species-specific lentiviruses that have led to a lack of disease, no
decline in CD4 T-cell counts, and no chronic inflammation.
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CHAPTER THREE
ACUTE PHASE REACTION (APR)
Acute phase reaction (APR) is a systemic host defense response against infectious agents, and to
a great variety of noxious insults that are harmful to the host. During APR innate immune
mechanisms are activated, which induce APR, a highly coordinated and very effective defense
reaction against the initiating insults. Neuroendocrine and metabolic changes, catabolism, and
fever are the hallmarks of APR. APR may be regarded as a host defense response whereby the
adaptive immune system (ADIM) failed to control a problem (e.g., infection) so it became
necessary for the innate immune system (INIM) to mount an emergency host defense response,
which is APR .
The acute phase response is a complex systemic early-defense system activated by trauma,
infection, stress, neoplasia, and inflammation. Although nonspecific, it serves as a core of the
innate immune response involving physical and molecular barriers and responses that serve to
prevent infection, clear potential pathogens, initiate inflammatory processes, and contribute to
resolution and the healing process. Acute phase proteins, an integral part of the acute phase
response, have been a focus of many applications in human diagnostic medicine and recently
have been identified in common animal species.
Characteristics
Hans Selye discovered that rats develop a specific syndrome when exposed to various ―nocuous‖
agents: The adrenal glands were enlarged, the thymus and other lymphoid tissues developed
atrophy.
Acute-phase proteins
Acute-phase proteins are a class of proteins whose plasma concentrations increase (positive
acute-phase proteins) or decrease (negative acute-phase proteins) in response to inflammation.
This response is called the acute-phase reaction (also called acute-phase response).
In response to injury, local inflammatory cells (neutrophil granulocytes and macrophages)
secrete

a

number

of cytokines into

the

bloodstream,

most

notable

of

which

are

the interleukins IL1, IL6 and IL8, and TNFα. The liver responds by producing a large number
of acute-phase reactants. At the same time, the production of a number of other proteins is
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reduced; these proteins are, therefore, referred to as "negative" acute-phase reactants. Increased
acute-phase proteins from the liver may also contribute to the promotion of sepsis

Positive acute-phase proteins
Positive acute-phase proteins serve (part of the innate immune system) different physiological
functions for the immune system. Some act to destroy or inhibit growth of microbes, e.g., Creactive protein, mannose-binding protein, complement factors, ferritin, ceruloplasmin, serum
amyloid A and haptoglobin. Others give negative feedback on the inflammatory response,
e.g. serpins. Alpha 2-macroglobulin and coagulation factors affect coagulation, mainly
stimulating it. This pro-coagulant effect may limit infection by trapping pathogens in local blood
clots. Also, some products of the coagulation system can contribute to the innate immune
system by

their

ability

to

increase

vascular

permeability

and

act

as chemotactic

agents for phagocytic cells
"Negative" acute-phase proteins
"Negative"

acute-phase

proteins

decrease

in

inflammation.

Examples

include albumin, transferrin,transthyretin, retinol-binding protein, antithrombin, transcortin. The
decrease of such proteins may be used as markers of inflammation. The physiological role of
decreased synthesis of such proteins is generally to save amino acids for producing "positive"
acute-phase proteins more efficiently. Theoretically, a decrease in transferrin could additionally
be decreased by an upregulation of transferrin receptors, but the latter does not appear to change
with inflammation
Clinical significance
Measurement of acute-phase proteins, especially C-reactive protein, is a useful marker of
inflammation in both medical and veterinary clinical pathology. It correlates with the erythrocyte
sedimentation rate (ESR), however not always directly. This is due to the ESR being largely
dependent on elevation of fibrinogen, an acute phase reactant with a half-life of approximately
one week. This protein will therefore remain higher for longer despite removal of the
inflammatory stimuli. In contrast, C-reactive protein (with a half-life of 6–8 hours) rises rapidly
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and can quickly return to within the normal range if treatment is employed. For example, in
active systemic lupus erythematosus, one may find a raised ESR but normal C-reactive protein.
They may also indicate liver failure
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CHAPTER FOUR
HYPERSENSITIVITY
Hypersensitivity (also called hypersensitivity reaction or intolerance) is a set of undesirable
reactions produced by the normal immune system, including allergies and autoimmunity. They
are usually referred to as an over- reaction of the immune system and these reactions may be
damaging, uncomfortable, or occasionally fatal. Hypersensitivity reactions require a presensitized (immune) state of the host.They are classified in four groups after the proposal of P.
G. H. Gell and Robin Coombs in 1963.
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Comparison of hypersensitivity types
Typ Alternativ

Often mentioned disorders

Mediato

Description

Video explanation

e

e names

rs

I

Allergy (i

Atopy

mmediate)

Anaphylaxis

than multiple hours or days. Free antigens

Asthma

cross link the IgE on mast cells and basophils

IgE

Fast response which occurs in minutes, rather

which

causes

a

release

of

vasoactive

biomolecules. Testing can be done via skin Video explanation of type I
hypersensitivity

test for specific IgE.
II

Cytotoxic,

Autoimmune hemolytic anemia

IgM or I

Antibody (IgM or IgG) binds to antigen on a

antibody-

Rheumatic heart disease

gG

target cell, which is actually a host cell that is

dependent

Thrombocytopenia

(Comple perceived by the immune system as foreign,

Erythroblastosis fetalis

ment)

leading to cellular destruction via the MAC.

Goodpasture's syndrome

MAC

Testing includes both the direct and indirect Video explanation of type II

Graves' disease*see type V explanation

hypersensitivity

Coombs test.

below
Myasthenia

gravis*see

type

V

explanation below
III

Immune

Serum sickness

IgG

Antibody (IgG) binds to soluble antigen,

complexdi

Arthus reaction

(Comple forming a circulating immune complex. This

sease

Rheumatoid arthritis

ment)

is often deposited in the vessel walls of the

Post streptococcal glomerulonephritis

Neutrop

joints
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and

kidney,

initiating

a

local

Membranous nephropathy

hils

inflammatory reaction.

Lupus nephritis

Video explanation of type III
hypersensitivity

Systemic lupus erythematosus
Extrinsic

allergic

alveolitis(hypersensitivity pneumonitis)
IV

Delayed-

Contact dermatitis, including Urushiol- T-cells

Helper T cells (specifically Th1 helper t cells)

type

induced contact dermatitis (poison ivy

are activated by an antigen presenting cell.

hypersensi

rash).

When the antigen is presented again in the

tivity,cell-

Mantoux test

future, the memory Th1 cells will activate

mediated

Chronic transplant rejection

immune

Multiple sclerosis

macrophages and cause an inflammatory Video explanation of type IV
response. This ultimately can lead to tissue hypersensitivity

memory

Celiac Disease

damage.

response,

Hashimoto's thyroiditis - Some type 2.

antibody-

Mostly type 4.

independe
nt
V

Autoimmu

Graves' disease

IgM or I

nedisease,

Myasthenia gravis

gG

receptor

(Comple

mediated

ment)

(see
below)
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Anaphylaxis
Anaphylaxis is a severe, potentially life-threatening allergic reaction. It can occur within seconds or minutes of exposure to something
you're allergic to, such as peanuts or bee stings.
Anaphylaxis causes your immune system to release a flood of chemicals that can cause you to go into shock — your blood pressure
drops suddenly and your airways narrow, blocking breathing. Signs and symptoms include a rapid, weak pulse; a skin rash; and
nausea and vomiting. Common triggers include certain foods, some medications, insect venom and latex.
Anaphylaxis requires an injection of epinephrine and a follow-up trip to an emergency room. If you don't have epinephrine, you need
to go to an emergency room immediately. If anaphylaxis isn't treated right away, it can be fatal.
Causes
Anaphylaxis can occur in response to almost any foreign substance. Common triggers include venom from insect bites or stings,
foods, and medication. Foods are the most common trigger in children and young adults while medications and insect bites and stings
are

more

common

in

older

adults. Less

common

causes

include:

physical

factors,

biological

agents

such

as semen, latex, hormonal changes, food additives such as monosodium glutamate and food colors, and topical medications. Physical
factors such as exercise (known as exercise-induced anaphylaxis) or temperature (either hot or cold) may also act as triggers through
their direct effects on mast cells. Events caused by exercise are frequently associated with the ingestion of certain
foods. During anesthesia, neuromuscular blocking agents, antibiotics, and latex are the most common causes. The cause remains
unknown in 32–50% of cases, referred to as "idiopathic anaphylaxis." Six vaccines (MMR, varicella, influenza, hepatitis B, tetanus,
meningococcal) are recognized as a cause for anaphylaxis, and HPV may cause anaphylaxis as well.
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Pathophysiologyc
Anaphylaxis is a severe allergic reaction of rapid onset affecting many body systems. It is due to the release of inflammatory
mediators and cytokines from mast cells and basophils, typically due to an immunologic reactionbut sometimes non-immunologic
mechanism.

Immunologic
In the immunologic mechanism, immunoglobulin E (IgE) binds to the antigen (the foreign material that provokes the allergic
reaction). Antigen-bound IgE then activates FcεRI receptors on mast cells and basophils. This leads to the release of inflammatory
mediators such as histamine. These mediators subsequently increase the contraction of bronchial smooth muscles, trigger vasodilation,
increase the leakage of fluid from blood vessels, and cause heart muscle depression. There is also an immunologic mechanism that
does not rely on IgE, but it is not known if this occurs in humans.
Non-immunologic
Non-immunologic mechanisms involve substances that directly cause the degranulation of mast cells and basophils. These include
agents such as contrast medium, opioids, temperature (hot or cold), and vibration.Sulfites may cause reactions by both immunologic
and non-immunologic mechanisms.
Classification
There are three main classifications of anaphylaxis. Anaphylactic shock is associated with systemic vasodilationthat causes low blood
pressure which is by definition 30% lower than the person's baseline or below standard values. Biphasic anaphylaxis is the recurrence
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of symptoms within 1–72 hours with no further exposure to the allergen. Reports of incidence vary, with some studies claiming as
many as 20% of cases. The recurrence typically occurs within 8 hours. It is managed in the same manner as
anaphylaxis. Pseudoanaphylaxis or anaphylactoid reactions are a type of anaphylaxis that does not involve an allergic reaction but is
due to direct mast cell degranulation. Non-immune anaphylaxis is the current term used by the World Allergy Organization with some
recommending that the old terminology no longer be used.
Allergy testing
Allergy testing may help in determining the trigger. Skin allergy testing is available for certain foods and venoms.Blood testing for
specific IgE can be useful to confirm milk, egg, peanut, tree nut and fish allergies.
Skin testing is available to confirm penicillin allergies, but is not available for other medications. Non-immune forms of anaphylaxis
can only be determined by history or exposure to the allergen in question, and not by skin or blood testing

64

CHAPTER FIVE
IMMUNOCHEMICAL TECHNIQUES
1. Immunochemical techniques - identification of a substance (especially a protein) by its action
as an antigen.
2. An antibody, also known as an immunoglobulin, is a large Y-shaped protein used by the
immune system to identify and neutralize foreign objects such as bacteria and viruses. • The
antibody recognizes a unique part of the foreign target, termed an antigen. • Each tip of the "Y"
of an antibody contains a paratope (a structure analogous to a lock) that is specific for one
particular epitope (similarly analogous to a key) on an antigen, allowing these two structures to
bind together with precision Antigen and Antibody
3. Enzyme-linked immunosorbent assay (ELISA), is one sub-type of solid-phase enzyme
immunoassay (EIA) . • The term enzyme immunoassay includes all assay based on the
measurement of enzyme labeled antigen or antibody. • EIA are two basic types : homogeneous :
EMIT ( enzyme multiplied immunoassay technique . It is used only for drug identification.
Enzyme-linked immunosorbent assay (ELISA), • Heterogeneous : ELISA it is used to detected
the antigen or antibody . • ELISA is named because the technique involves the use of an
immunosorbent- an absorbing material specific for one of the components of the reaction, the
antigen or antibody.
4. ELISA is usually done using 96 well microtitre plates . • there are three type of ELISA
Indirect assay : example used in detection of Rotavirus antigen in feces . Sandwich assay:
example used in detection of HIV antibody in serum Competitive assay: example used in
detection of HIV antibody in serum Generally , the antibody or antigen fix to well plate then ag
or ab is added along with the enzyme and finally suitable substrate is added. The result is noted
by the occurrence of colour . LETS SEE ONE BY ONE
5. The well was coated with sample (antigen) Antibody along with enzyme is added. If there is
suitable antigen , antibody binds and form complex along with enzyme. Now well should be
washed because free ag and ab are removed finally substrate is added . Substrate binds to
enzyme and forms a color. Result: color change indicate positive result , no color change indicate
negative result.
6. The well was coated with unknown antibody (ab) The known ag was added to the well. if
there is a suitable ab it binds to ag and form ag-ab complex Wash the well – free ag / ab are
removed Now ab along with enzyme is added . This ab binds to another end of the know ag
Again well should be washed (to remove free ab- enzyme ) finally substrate was added . Color
change indicates positive result.
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7. • Several variation of ELISA have been developed few examples are • dipstick method ELISA
Cylinder or cassette ELISA
8.  Radioimmunoassay is based on the antigen- antibody reaction in which a trace amount of the
radiolabeled antigen competes with endogenous antigen for limited binding sites of the specific
antibody against this antigen.  The accuracy of RIA is based on the reasonable assumption that
the radiolabeled antigen and the native antigen have similar affinities for the specific antibody.
Radioimmunoassay
9. Radioimmunoassay (RIA) is a very sensitive in vitro assay technique used to measure
concentrations of antigens by use of antibodies • for example, hormone levels in the blood Lets
see procedure • RIA methods are again becoming popular. • It is generally more simple to
perform than a bioassay
10. a known quantity of an antigen is made radioactive, example: gamma-radioactive isotopes of
iodine attached to tyrosine then mixed with a known amount of antibody for that antigen, and as
a result, the two chemically bind to one another Sample contain unknown antigen is added This
causes the unlabeled (or "cold") antigen from the serum to compete with the radiolabeled antigen
("hot") for antibody binding sites The unlabeled antigen concentration is more so it free the
labeled antigen . This labeled antigen will float in supernatant is measured using gamma counter
11. A specific antibody produced by hybridoma cell is called MONOCLONAL ANTIBODY.
Hybrid cell resulting from the fusion of a myeloma cell with an antibody producing Blymphocyte. Diagnostic tests Once monoclonal antibodies for a given substance have been
produced, they can be used to detect the presence of this substance. The Western blot test and
immuno dot blot tests detect the protein on a membrane. They are also very useful in
immunohistochemistry, which detect antigen in fixed tissue sections and immunofluorescence
test, which detect the substance in a frozen tissue section or in live cells...
12. Therapeutic treatment It is used in the treatment of Autoimmune disease like rheumatoid
arthritis, chorns disease. It is also used in the treatment of Cancer.
13. The selected ag is injected into a mouse Few days later the spleen is removed from the
mouse. The ab synthesis cells is mixed with myeloma cell and PEG. The result is a hybridoma
which is separated cloned and tested to make desired monoclonal ab. Chosen hybridoma are
injected into peritoneal cavity of mouse. Where they induce 2-10ml of fluid containing ab. The
hybridoma may be cultured in lab.
14. This technique uses the specificity of antibodies to their antigen to target fluorescent dyes to
specific biomolecule targets within a cell, and therefore allows visualization of the distribution of
the target molecule through the sample. • Immunofluorescence is a widely used example of
immunostaining and is a specific example of immunohistochemistry that makes use of
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fluorophores to visualize the location of the antibodies. • This tech is used to detect the
pathogens like conococci (std), Corynebacterium (diphtheria),Morbillivirus (Measles).
15. There are two types of FIA Direct assay : example it used in diagnosis of rabies virus ag in
brain smear. Indirect assay : example it used in diagnosis of treponemal ab ( syphilis)
16. antibody that is chemically linked to a fluorophore Sample was fixed on the slide. Sample
contain ag The antibody recognizes the target molecule and binds to ag it can be detected via
microscopy This reduces the number of steps in the staining procedure making the process faster
and can reduce background signal by avoiding some issues with antibody cross-reactivity
17. The sample was smeared on the slide and allowed for incubation. Slide was washed to
remove free ag . Smear is then treated with a fluorescent labeled ab. Again slide is washed to
remove free ab. Then slide was examined under UV. Bright object against dark background is
positive result.
18. CHEMILUMINESCENCE IMMUNO ASSAY • CLIA is a more economical and
conventional method used as an alternative to ELISA. • It plays a vital role in the examination of
pituitary hormones mainly STH , TSH . • As far as now ,CLIA has the potential that it can be
used in various diagnostic and research uses than ELISA and FIA. • Chemiluminescence
(sometimes "chemoluminescence") is the emission of light with limited emission of heat
(luminescence), as the result of a chemical reaction.
19. PRINCIPLE INVOLVED IN CLIA • This is similar to ELISA . • In ELISA , we use a known
anti body whereas here we use a MONOCLONAL ANTIBODY . • Similarly we use colorimeter
to read the colour intensity whereas here we use luminometer to read the light intensity.
Immunohistochemistry (IHC)
IHC offers several distinct advantages when compared to traditional identification methods. This
technique is rapidly expanding the diagnostic capability of the pathologist.
IHC permits rapid agent identification. The technique employs specific antibodies, which
localize to the antigens of the etiologic agent of interest. Since this technique uses formalin-fixed
tissues, specimen transport is simplified, allowing retrospective studies and minimizing
laboratory worker exposure to infectious agents.
IHC is a sensitive and specific test methodology for many microorganisms, and unlike some
traditional staining methods, they result in direct, highly interpretable visual evidence of the
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presence of an infectious agent within tissues. In addition, IHC detects organisms that are
difficult to culture and those that cannot be cultured.
IHC provides invaluable information for clinical diagnosis as well as for the study of
pathogenesis. IDPB has developed many specific IHC assays for emerging or re-emerging
infectious diseases. Currently, IDPB has diagnostic IHC assays for more than 100 etiologic
agents, including viral, bacterial, parasitic and fungal organisms. For a number of agents, IHC
tests may provide the only reliable methods of detection.
Special Stains
Special stains are useful for detecting bacteria, fungi and parasites in tissues and culture
materials. However, they may not confer a specific diagnosis of the organism, and each stain
differs in its level of sensitivity.
Molecular
IDPB currently possesses a battery of PCR-based tests for the detection of many bacteria,
viruses, fungi and parasites. IDPB molecular tests have been optimized for formalin-fixed
paraffin-embedded tissues.

Microbiology
For some cases of unexplained illness, IDPB possesses limited capability for viral culture of
etiologic agents. This technique is dependent on freshly frozen tissues or body fluids and permits
additional studies such as immunofluorescence methods or electron microscopy.
Electron Microscopy
Electron microscopy (EM) studies are conducted on cell cultures, tissues and body fluids. Both
thin section and negative stain EM are available to assist in the diagnosis and characterization of
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pathogens. EM examination is conducted on glutaraldehyde fixed tissues or bodily fluids,
formalin-fixed paraffin-embedded tissue blocks, prepared EM sections, images and grids.
Application of Immunohistochemistry to Infections
Pathologists play an important role in the diagnosis or exclusion of infectious diseases.
Traditionally, the diagnosis of infectious diseases rely on serologic assays and cultures.
Serologic results may be difficult to interpret in the setting of immunosuppression, fresh tissue is
not always available for culture, and culture of fastidious pathogens can be difficult and may
take weeks or months to yield a result. Although some microorganisms or their cytopathic
effects may be readily identifiable on routine and/or histochemical stains, often these changes
are not specific or are sparse in the sample evaluated. In these cases, additional
immunohistochemical stains are often needed to establish the diagnosis of infection.
Immunohistochemistry has proven to be a useful tool in the diagnosis of infectious diseases in
tissue samples. Immunohistochemistry is especially useful in the identification of
microorganisms that are present in low numbers, stain poorly, are fastidious to grow, are
noncultivable, or exhibit an atypical morphology. Finally, it is important to remember that there
may be widespread occurrence of common antigens among bacteria and pathogenic fungi and
both monoclonal and polyclonal antibodies must be tested for possible cross-reactivity with
other organisms.
Applications of Immunochemical Techniques in the Diagnosis of Infectious Diseases
Whether an infectious disease agent is an ―old acquaintance‖ or a new, emerging threat, the
immune system‘s battle against it is usually the first line of defense it encounters. With vaccines
and effective treatments often unavailable, the immune system‘s efforts to eradicate infectious
agents or infected cells are frequently the only means to combat them. Understanding the
immune system—as well as the infectious agent‘s tactics to undermine it—is of vital importance
to the researcher and clinician.
Microscopy
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Microscopy can be done quickly, but accuracy depends on the experience of the microscopist
and quality of equipment. Regulations often limit physicians‘ use of microscopy for diagnostic
purposes outside a certified laboratory. Microscopic examination of tissue may be required to
distinguish invasive disease from surface colonization—a distinction not easily achieved by
culture methods.
Most specimens are treated with stains that color pathogens, causing them to stand out from the
background, although wet mounts of unstained samples can be used to detect fungi, parasites
(including helminth eggs and larvae), vaginal clue cells, motile organisms (eg, Trichomonas),
and syphilis (Treponema spirochetes, via darkfield microscopy). Visibility of fungi can be
increased by applying 10% potassium hydroxide (KOH) to dissolve surrounding tissues and
nonfungal organisms.
The clinician orders a stain based on the likely pathogens, but no stain is 100% specific. Most
samples are treated with Gram stain and, if mycobacteria are suspected, with an acid-fast stain.
However, some pathogens are not easily visible using these stains; if these pathogens are
suspected, different stains or other identification methods are required. Because microscopic
detection usually requires a microbe concentration of at least about 1 ×104-5/mL, most body fluid
specimens (eg, CSF) are concentrated (eg, by centrifugation) before examination.
Gram stain
The Gram stain does the following:


Classifies bacteria according to whether they retain crystal violet stain (gram-positive—
blue) or not (gram-negative—red)



Highlights cell morphology (eg, bacilli, cocci) and cell arrangement (eg, clumps, chains,
diploids)

Such characteristics can direct antibiotic therapy pending definitive identification. Finding a
mixture of microorganisms with multiple morphologies and staining characteristics on Gram
stain suggests a contaminated specimen or a polymicrobial bacterial infection.
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To do a Gram stain, technicians heat-fix specimen material to a slide and stain it by sequential
exposure to Gram crystal violet, iodine, decolorizer, and counterstain (typically safranin).
Acid-fast and modified acid-fast stains
These stains are used to identify the following:


Acid-fast organisms (Mycobacterium sp)



Moderately acid-fast organisms (primarily Nocardia sp)



Rhodococcus and related genera



Oocysts of some parasites (eg, Cryptosporidium, Cystoisospora [Isospora] belli)

Although detection of mycobacteria in sputum requires at least 10,000 organisms/mL,
mycobacteria are often present in lower levels, so sensitivity is limited. Usually, several mL of
sputum are decontaminated with sodium hydroxide and concentrated by centrifugation for acidfast staining. Specificity is better, although some moderately acid-fast organisms are difficult to
distinguish from mycobacteria.
Fluorescent stains
These stains allow detection at lower concentrations (< 1 × 104 cells/mL). Examples are


Acridine orange (bacteria and fungi)



Auramine-rhodamine and auramine O (mycobacteria)



Calcofluor white (fungi, especially dermatophytes)

Coupling a fluorescent dye to an antibody directed at a pathogen (direct or indirect
immunofluorescence) should theoretically increase sensitivity and specificity. However, these
tests are difficult to read and interpret, and few (eg, Pneumocystis and Legionella direct
fluorescent antibody tests) are commercially available and commonly used.
India ink (colloidal carbon) stain
This stain is used to detect mainly Cryptococcus neoformans and other encapsulated fungi in a
cell suspension (eg, CSF sediment). The background field, rather than the organism itself, is
stained, making any capsule around the organism visible as a halo. In CSF, the test is not as
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sensitive as cryptococcal antigen. Specificity is also limited; leukocytes may appear
encapsulated.
Warthin-Starry stain and Dieterle stain
These silver stains are used to visualize bacteria such as


Spirochetes



Helicobacter pylori



Microsporidia



Bartonella henselae (the cause of cat-scratch disease)

Wright stain and Giemsa stain
These stains are used for detection of the following:


Parasites in blood



Histoplasma capsulatumin phagocytes and tissue cells



Intracellular inclusions formed by viruses and chlamydia



Trophozoites of Pneumocystis jirovecii



Some intracellular bacteria

Trichrome stain (Gomori-Wheatley stain) and iron hematoxylin stain
These stains are used to detect intestinal protozoa.
The Gomori-Wheatley stain is used to detect microsporidia. It may miss helminth eggs and
larvae and does not reliably identify Cryptosporidium. Fungi and human cells take up the stain.
The iron hematoxylin stain differentially stains cells, cell inclusions, and nuclei. Helminth eggs
may stain too dark to permit identification.
Culture
Culture is microbial growth on or in a nutritional solid or liquid medium; increased numbers of
organisms simplify identification. Culture also facilitates testing of antimicrobial susceptibility.
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Communication with the laboratory is essential. Although most specimens are placed on general
purpose media (eg, blood or chocolate agar), some pathogens require inclusion of specific
nutrients and inhibitors or other special conditions (see Table: Selective Media for Isolation of
Common Bacteria); if one of these pathogens is suspected or if the patient has been taking
antimicrobials, the laboratory should be advised. The specimen‘s source is reported so that the
laboratory can differentiate pathogens from site-specific normal flora.
Selective Media for Isolation of Common Bacteria
Organism

Preferred Medium

Bacteroides sp

Kanamycin-vancomycin laked blood agar

Bacteroides fragilis

Bacteroides bile-esculin (with gentamicin and bile)

Bordetella pertussis

Bordet-Gengou agar plus methicillin or cephalexin
Regan-Lowe cephalexin agar
Horse blood–charcoal agar

Burkholderia cepacia

Pseudomonas cepacia agar

Campylobacter jejuni or C. coli

Campylobacter-selective agars (eg, cefoperazonevancomycin agar)

Corynebacterium diphtheriae

Tinsdale agar
Cystine-tellurite blood agar
Löffler coagulated serum medium

Escherichia coli or enterohemorrhagic

MacConkey-sorbitol agar

pathogens (Shiga toxin producers,
including O157-H7)
Francisella tularensis

Blood- or chocolate-cystine agar

Legionella sp

Buffered charcoal yeast extract agar

Leptospira sp

Fletcher or Stuart medium with rabbit serum
or Leptospira medium with bovine serum albuminTween 80
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Neisseria gonorrhoeae or N. meningitidis

Modified Thayer-Martin agar
New York City agar

Salmonella and Shigella sp

May grow on standard MacConkey or eosinmethylene blue
Alternative: Hektoen or xylose-lysinedesoxycholate, Salmonella-Shigella agar, gramnegative or selenite enrichment broth

Vibrio sp

Thiosulfate-citrate-bile salts–sucrose agar

Yersinia sp

Cefsulodin-Irgasan-novobiocin agar

Specimen collection
Specimen collection is important. For diagnosis of infectious disease, the rule of thumb is sample
where the infection is. For lesions, the leading edge, not the center, should be sampled.
Use of swabs is discouraged. However, if a swab is used, a flocked swab is preferred because it
can recover more specimen. Swabs used for molecular assays (see Nucleic Acid–Based
Identification Methods for Infectious Disease) must be compatible for the specific molecular
assay for which they are intended. The wrong type of swab can produce false-negative results.
Wooden-shafted swabs are toxic to some viruses. Cotton-tipped swabs are toxic for some
bacteria, including chlamydiae.
Blood cultures require decontamination and disinfection of the skin (eg, povidone iodine swab,
allowed to dry, removed with 70% alcohol). Multiple samples, each from a different site are
generally used; they are taken nearly simultaneously with fever spikes if possible. Normal flora
of skin and mucous membranes that grows in only a single blood sample is usually interpreted as
contamination. If a blood specimen is obtained from a central line, a peripheral blood specimen
should also be obtained to help differentiate systemic bacteremia from catheter infection.
Cultures from infected catheters generally turn positive more quickly and contain more
organisms than simultaneously drawn peripheral blood cultures. Some fungi, particularly molds
(eg, Aspergillus spp), usually cannot be cultured from blood.
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The specimen must be transported rapidly, in the correct medium, and in conditions that limit
growth of any potentially contaminating normal flora. For accurate quantification of the
pathogen, additional pathogen growth must be prevented; specimens should be transported to the
laboratory immediately or, if transport is delayed, refrigerated (in most cases).
Special considerations for culture
Certain cultures have special considerations.
Anaerobic bacteria should not be cultured from sites where they are normal flora because
differentiation of pathogens from normal flora may be impossible. Specimens must be shielded
from air, which can be difficult. For swab specimens, anaerobic transport media are available.
However, fluid specimens (eg, abscess contents) are superior to swab specimens for recovery of
anaerobic bacteria. Fluid specimens should be collected with a syringe from which all air was
expressed (to minimize contact of the specimen with oxygen) and sent to a laboratory in the
syringe (capped without the needle) or transferred to an anaerobic transport vial.
Mycobacteria are difficult to culture. Specimens containing normal flora (eg, sputum) must first
be decontaminated and concentrated. Mycobacterium tuberculosis and some other mycobacteria
grow slowly. Growth of M. tuberculosis is typically faster in liquid than in solid media; routine
use of automated systems with liquid media can result in growth within 2 wk vs ≥ 4 wk on solid
media such as Lowenstein-Jensen agar. In addition, few organisms may be present in a
specimen. Multiple specimens from the same site may help maximize yield. Specimens should
be allowed to grow for 8 wk before being discarded. If an atypical mycobacterium is suspected,
the laboratory should be notified.
Viruses are generally cultured from swabs and tissue specimens usually transported in media
that contain antibacterial and antifungal agents. Specimens are inoculated onto tissue cultures
that support the suspected virus and inhibit all other microbes. Viruses that are highly labile (eg,
varicella zoster) should be inoculated onto tissue cultures within 1 h of collection. Standard
tissue cultures are most sensitive. Rapid tissue cultures (shell vials) may provide more rapid
results. Some common viruses cannot be detected using routine culture methods and require

75

alternative methods for diagnosis (see Table: Diagnostic Tests for Common Viruses That Do Not
Grow in Routine Viral Cultures), as for the following:


Enzyme immunoassay for Epstein-Barr virus, hepatitis B and E viruses, HIV, and human
T-lymphotropic virus



Serologic tests for hepatitis A and D viruses



Nucleic acid–based methods for HIV

Diagnostic Tests for Common Viruses That Do Not Grow in Routine Viral Cultures

Common Conditions
Acute febrile illness,
meningoencephalitis

Infectious mononucleosis

Virus
Alphavirus, flaviviruses,
bunyaviruses (eg, St. Louis
encephalitis virus, La Crosse
encephalitis virus)
Rotaviruses, caliciviruses
(noroviruses), astroviruses
Epstein-Barr virus

Hemorrhagic fevers, lymphocytic
choriomeningitis
Hepatitis

Filoviruses, arenaviruses (eg, Lassa
fever, Ebola virus)
Hepatitis A, hepatitis D

Diarrhea

Hepatitis B, hepatitis E
Hepatitis C, hepatitis G
Roseola, Kaposi sarcoma,
disseminated infections
AIDS

Herpesviruses 6, 7, 8

Condylomata acuminata, genital skin
cancer
Fifth disease

Human papillomaviruses

Adult T-cell leukemia

Human T-lymphotropic virus

HIV

Human parvovirus B19

Progressive multifocal
Polyoma viruses (JC and BK)
leukoencephalopathy, kidney infection
Smallpox, monkeypox, vaccinia,
Poxviruses
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Diagnostic Tests
EIA, nucleic acid–based
methods

EM or IEM,nucleic acid–based
methods
EIA, nucleic acid–based
methods
EM, nucleic acid–based methods
Serologic testing, nucleic acid–
based methods
EIA, nucleic acid–based
methods
Nucleic acid–based methods,
EIA
Nucleic acid–based methods,
EIA
Nucleic acid–based methods,
EIA, Western blot
Nucleic-acid–based methods,
EIA
Nucleic acid–based methods,
EIA
EIA, nucleic acid–based
methods
Nucleic acid–based methods
Nucleic acid–based methods,

molluscum contagiosum
Rabies

EM, culture depending on virus
Rabies virus
EM, IFA, nucleic acid–based
methods
Rubella
Rubella virus
EIA, IFA, nucleic acid–based
methods
EIA = enzyme immunoassay; EM = electron microscopy; IEM = immunoelectron microscopy; IFA =
immunofluorescence assay.
Fungi specimens obtained from nonsterile sites must be inoculated onto media containing
antibacterial agents. Specimens should be allowed to grow for 3 to 4 wk before being discarded.

Nucleic Acid–Based Identification Methods for Infectious Disease
Nucleic acid–based (molecular) identification has become commonplace in clinical settings; the
resulting rapid identification allows the patient to be placed on specific antimicrobial therapy and
avoid prolonged management on empiric, potentially inappropriate drugs.
Nucleic acid–based methods detect organism-specific DNA or RNA sequences extracted from
the microorganism. Sequences may or may not be amplified in vitro.
Nucleic acid–based methods are generally specific and highly sensitive and can be used for all
categories of microbes. Results can be provided rapidly. Because each test typically is specific to
a single organism, the clinician must know the diagnostic possibilities and request tests
accordingly. For example, if a patient has symptoms suggesting influenza but the influenza
season is over, doing a more general viral diagnostic test (eg, viral culture) rather than a specific
flu test is better because another virus (eg, parainfluenza, adenovirus) may be the cause.
Recent advances have led to the development of multiplex assays, in which a single nucleic
acid–based test can detect and differentiate between ≥ 2 causative microorganisms. Multiplex
assays are usually less sensitive than single-target, qualitative assays. Multiplex assays are
currently available for detecting biological warfare agents.
Nucleic acid–based tests are qualitative, but quantification methods exist for a limited but
increasing number of infections (eg, HIV, cytomegalovirus, human T-cell lymphotropic virus);
these methods can be useful for diagnosis and for monitoring response to treatment.
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Unamplified testing
Techniques that target nucleic acid sequences but do not require amplification of those sequences
are usually restricted to situations in which the organism has been first cultured or is present in
high concentration in the specimen (eg, in pharyngitis caused by group A Streptococcus, in
genital infections caused by Chlamydia trachomatis or Neisseria gonorrhoeae).
Amplification
Nucleic acid amplification techniques take tiny amounts of DNA or RNA, replicate them many
times, and thus can detect minute traces of an organism in a specimen, avoiding the need for
culture. These techniques are particularly useful for organisms that are difficult to culture or
identify using other methods (eg, viruses, obligate intracellular pathogens, fungi, mycobacteria,
some other bacteria) or that are present in low numbers.
These tests may involve


Target

amplification

(eg,

PCR,

reverse

transcriptase–PCR

[RT-PCR],

strand

displacement amplification, transcription amplification)


Signal amplification (eg, branched DNA assays, hybrid capture)



Probe amplification (eg, ligase chain reaction, cleavase-invader, cycling probes)



Postamplification analysis (eg, sequencing of the amplified product, microarray analysis,
and melting curve analysis, as is done in real-time PCR).

Appropriate specimen collection and storage before arrival at the molecular diagnostic laboratory
are critical. Because amplification methods are so sensitive, false-positive results from trace
contamination of the specimen or equipment can easily occur.
Despite high sensitivity, false-negative results sometimes occur even when a patient is
symptomatic (eg, in West Nile virus infection). False-negative results can be minimized by the
following:


Avoiding use of swabs with wooden shafts or cotton tips (the swab that has been
validated for the amplification assay must be used)



Transporting specimens rapidly
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Freezing or refrigerating specimens if transport is likely to take > 2 h

Freezing is the typical storage method for nucleic acid amplification assays. However, specimens
should be refrigerated rather than frozen if labile viruses (eg, varicella-zoster virus, influenza
virus, HIV-2) are suspected or if viral cultures are also to be done (frozen specimens may not be
usable for standard cultures).

Non-Nucleic Acid–Based Identification Methods for Infectious Disease
Once an organism has been isolated by culture, it must be identified. Non-nucleic acid–based
identification methods use phenotypic (functional or morphologic) characteristics of organisms
rather than genetic identification.
Characteristics of an organism‘s growth on culture media, such as colony size, color, and shape,
provide clues to species identification and, combined with Gram stain, direct further testing.
Numerous biochemical tests are available; each is restricted to organisms of a certain type (eg,
aerobic or anaerobic bacteria). Some assess an organism‘s ability to use different substrates for
growth. Others assess presence or activity of key enzymes (eg, coagulase, catalase). Tests are
done sequentially, with previous results determining the next test to be used. The sequences of
tests are myriad and differ somewhat among laboratories.
Non-nucleic acid–based identification tests may involve manual methods, automated systems, or
chromatographic methods. Some commercially available kits contain a battery of individual tests
that may be done simultaneously using a single inoculum of a microorganism and may be useful
for a wider range of organisms. Multiple test systems can be highly accurate but may require
several days to yield results.
Chromatographic methods
Microbial components or products are separated and identified using high-performance liquid
chromatography (HPLC) or gas chromatography. Usually, identification is by comparison of an
organism‘s fatty acids to a database.
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Chromatographic methods can be used to identify aerobic and anaerobic bacteria, mycobacteria,
and fungi. Test accuracy depends on the conditions used to culture the specimen and the quality
of the database, which may be inaccurate or incomplete.
Mass spectroscopy
Mass spectrometry can detect various proteins of different masses in a specimen. Specific
pathogens have unique proteins, and the relative mass and abundance of each protein can
sometimes be used to identify a microorganism. Mass spectroscopy is one of a number of
innovative technologies that are being or have been developed for detection and identification of
biological warfare and bioterrorism agents. However, this method is limited because it, unlike
some nucleic acid–based methods, is not readily deployable in the field.
Currently, a form of mass spectrometry called matrix-assisted laser desorption ionization–time of
flight (MALDI-TOF) is being used to identify bacteria (including mycobacteria), yeasts, molds,
and potentially viruses. The advantage of this method is that microorganisms can be identified in
< 1 h; traditional methods may require 24 to 48 h.
Immunologic Tests for Infectious Disease
Immunologic tests use one of the following:


Antigen to detect antibodies to a pathogen in the patient's specimen



Antibody to detect an antigen of the pathogen in the patient‘s specimen

Specimen handling varies, but if testing is to be delayed, the specimen should typically be
refrigerated or frozen to prevent overgrowth of bacterial contaminants.
Agglutination tests
In agglutination tests (eg, latex agglutination, coaggregation), a particle (latex bead, gelatin
particles, bacterium) is coupled to a reagent antigen or antibody. The resulting particle complex
is mixed with the specimen (eg, CSF, serum); if the target antibody or antigen is present in the
specimen, it cross-links the particles, producing measurable agglutination.
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If results are positive, the body fluid is serially diluted and tested. Agglutination with more dilute
solutions indicates higher concentrations of the target antigen or antibody. The titer is correctly
reported as the reciprocal of the most dilute solution yielding agglutination; eg, 32 indicates that
agglutination occurred in a solution diluted to 1/32 of the starting concentration.
Usually, agglutination tests are rapid but less sensitive than many other methods. They can also
determine serotypes of some bacteria.
Complement fixation
This test measures complement-consuming (complement-fixing) antibody in serum or CSF. The
test is used for diagnosis of some viral and fungal infections, particularly coccidioidomycosis.
The specimen is incubated with known quantities of complement and the antigen that is the
target of the antibody being measured. The degree of complement fixation indicates the relative
quantity of the antibody in the specimen.
The test can measure IgM and IgG antibody titers or can be modified to detect certain antigens. It
is accurate but has limited applications, is labor intensive, and requires numerous controls.
Enzyme immunoassays
These tests use antibodies linked to enzymes to detect antigens and to detect and quantify
antibodies. The enzyme immunoassay (EIA) and enzyme-linked immunosorbent assay (ELISA)
are examples.
Because sensitivities of most enzyme immunoassays are high, they are usually used for
screening. Titers can be determined by serially diluting the specimen as for agglutination tests.
Test sensitivities, although usually high, can vary, sometimes according to patient age, microbial
serotype, specimen type, or stage of clinical disease.
Precipitation tests
These tests measure an antigen or antibody in body fluids by the degree of visible precipitation
of antigen-antibody complexes within a gel (agarose) or in solution. There are many types of
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precipitation tests (eg, Ouchterlony double diffusion, counterimmunoelectrophoresis), but their
applications are limited.
Usually, a blood specimen is mixed with test antigen to detect patient antibodies, most often in
suspected fungal infection or pyogenic meningitis. Because a positive result requires a large
amount of antibody or antigen, sensitivity is low.
Western blot test
This test detects antimicrobial antibodies in the patient‘s sample (eg, serum, other body fluid) by
their reaction with target antigens (eg, viral components) that have been immobilized onto a
membrane by blotting.
The Western blot typically has good sensitivity, although often less than that of screening tests
such as ELISA, but generally is highly specific. Thus, it is usually used to confirm a positive
result obtained with a screening test.
Technical modifications of the Western blot are


The line immunoassay (LIA)



The recombinant immunoblot assay (RIBA), which uses synthetic or recombinantproduced antigens



Immunochromatographic assays, which can rapidly screen specimens for specific
microbial antigens or patient antibodies

Of the three, the immunochromatographic assay is easiest to do and the most commonly used—
eg, to detect Shiga toxin–producing microorganisms, Cryptococcus neoformans capsular antigen,
and influenza virus.
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CHAPTER SIX
MICROBIAL IMMUNOLOGY
Viral Immunology
Viruses are strongly immunogenic and induces 2 types of immune responses; humoral and
cellular. The repertoire of specificities of T and B cells are formed by rearrangements and
somatic mutations. T and B cells do not generally recognize the same epitopes present on the
same virus. B cells see the free unaltered proteins in their native 3-D conformation whereas T
cells usually see the Ag in a denatured form in conjunction with MHC molecules. The
characteristics of the immune reaction to the same virus may differ in different individuals
depending on their genetic constitutions.
Humoral response is responsible for blocking the infectivity of the virus (neutralization). Those
of the IgM and IgG class are especially relevant for defense against viral infections accompanied
by viraemia, whereas those of the IgA class are important in infections acquired through a
mucosa. (the nose, the intestine) In contrast, the cellular response kills the virus-infected cells
expressing viral proteins on their surfaces, such as the glycoproteins of enveloped viruses and
sometimes core proteins of these viruses.
Humoral Response
Abs are elicited by the surface components of intact virions as well by the internal components
of disrupted virions. Also they are elicited by viral products built into the surface of infected
cells or released by the cells. Antibodies provide the key to protection against many viral
infections. Sometimes, they are also pathogenic e.g. immune complexes are thought to be
responsible for causing the rash in rubella. Interactions of virions with Abs to different
components of their coats have different consequences.
Neutralization
virus neutralization consists of a decrease in the infectious titre of a viral preparation following
its exposure to Abs. The loss of infectivity is bought about by interference by the bound Ab with
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any one o the steps leading to the release of the viral genome into the host cells. the
consequences of the virion-Ab interaction therefore depends on many factors;1. The structure of the virions
2. The target of the Ab e.g. Abs against the HA but not the NA of influenza virus are
neutralizing.
3. Mutations affecting surface molecules that may alter the susceptibility to certain Abs
4. The type of Ab, especially its affinity for the components of the virions
5. The number of Ab molecules attached to the virions
Reversible neutralization - The neutralization process can be reversed by diluting the Ab-Ag
mixture within a short time of the formation of the Ag-Ab complexes (30 mins). It is thought that
reversible neutralization is due to the interference with attachment of virions to the cellular
receptors. The process requires the saturation of the surface of the virus with Abs.
Stable neutralization - with time, Ag-Ab complexes usually become more stable (several hours)
and the process cannot be reversed by dilution. Neither the virions nor the Abs are permanently
changed in stable neutralization, for the unchanged components can be recovered. The
neutralized virus can be reactivated by proteolytic cleavage. Intact Abs can be recovered by
dissociating the Ab- Ag complexes at acid or alkaline pH.
Stable neutralization has a different mechanism to that of reversible neutralization. It had been
shown that neutralized virus can attach and that already attached virions can be neutralized. The
number of Ab molecules required for stable neutralization is considerably smaller than that of
reversible neutralization, Kinetic evidence shows that even a single Ab molecule can neutralize a
virion. Such neutralization is generally produced by Ab molecules that establish contact with 2
antigenic sites on different monomers of a virion, greatly increasing the stability of the
complexes.
Virion sites for neutralization - only epitopes on molecules involved in the release of the viral
genome into the cells are targets of neutralization. In influenza viruses, only the HA and not the
NA are targets for neutralization. In polioviruses, all antigenic sites recognizable on the capsid
are targets for neutralization, because the capsid is a unit for releasing the nucleic acid. For
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adenoviruses, the main targets are the hexons rather than the pentons, as the hexons are strongly
interconnected and work together for the release of the viral DNA. Occasionally, Abs bound to
non-neutralizing epitopes can be detected by neutralization in the presence of complement,
whereby the viral enveloped is attacked by the complement cascade.
Protective role of neutralizing antibodies - the neutralizing power of a serum usually reflects
the degree of protection in an infected animal. The correlation, however, is not always perfect.
Discrepancies may be generated by differences in the neutralizability of a virus in the cells used
for assay in vitro compared to those that the virus infects in vivo. e.g. the sera of mice protected
from yellow fever did not neutralize the virus in vero cells but did so in a mouse neuroblastoma
cell line. Another possible reason for discrepancy is that an Ab that does not neutralize in
cultures may act in vivo by activating host responses against the virus or virus-infected cells. e.g.
complement or macrophages. In addition, neutralizing Abs may fail to protect because rapid viral
multiplication overcomes the neutralizing power. In the early period of immunization, low
affinity Abs act predominantly by activating complement and have low neutralizing power in
cultures. The degree of neutralization in cultures is probably best estimated by carrying out
neutralization in the presence of complement.
Evolution of viral antigens
Viral evolution must tend to select for mutations that change the antigenic determinants involved
in neutralization. In contrast, other antigenic sites would tend to remain unchanged because
mutations affecting them would not be selected for and could even be detrimental. A virus would
thus evolve from an original type to a variety of types, different in neutralization (and sometimes
in HI) tests, but retaining some of the original mosaic of antigenic determinants recognizable by
CFTs.
These evolutionary arguments are consistent with the observation that the clearest differentiation
of types within a family is present in viruses of rather complex architecture, in which the Ags
involved in the interaction with the cell vary more than other proteins. Thus enveloped viruses
have a strain-specific envelope but a cross-reactive internal capsid; adenoviruses have typespecific fibers and family-specific (and also type-specific) capsomers. Moreover, the C Ag of
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polioviruses, which appears only after heating, reveals antigenic sites that are normally hidden
and hence are not affected by selective pressure. The extent of antigenic variation differs widely
among viruses and is most extensive with lentiviruses and influenza viruses.
Types of virus-specific antibodies
Different types of viral preparations elicit the formation of different Abs;1. Killed virus preparations elicit Abs predominantly directed against the surface of the
virions. These Abs have neutralizing and HI activities against the virions as well as CF
and precipitating activities against the Ags of the viral coat.
2. Live virus preparations elicit antibodies against all the viral antigens, including both
external and internal antigens.
3. Immunization with internal components of the virions produces CF and precipitating Abs
active only toward the Ags of these components.
4. Immunization with peptides reproducing segments of virion proteins elicit Abs, the
properties of which depend both on the protein and the specific sequences reproduced.
Specificity of test methods
The Abs that react in the different tests may overlap though they may not be altogether identical.
Neutralization is primarily caused by Ab molecules specific for the sites of the virion that are
involved in the release of viral nucleic acid into the cell. CF usually involves additional surface
or internal Ags. Neutralization probably requires molecules with a higher affinity for virions than
do HI and CF. After viral infection, the titres of Abs to different components rise and fall with
quite different time courses.
Because of their high specificity, immunological methods can differentiate not only between
viruses of different families but also between closely related viruses of the same family or
subfamily. By these means, family Ags may be identified. Usually, antibodies detected by
neutralization tend to be less cross-reactive and thus are useful in defining the immunological
type. Whereas those detected by CF tend to be more cross-reactive and the useful in defining the
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family. By proper procedures, however, such as immunization with purified Ags, highly specific
CF Abs can be prepared.
The resolving power of Abs is maximized by the use of monoclonal Abs. Whereas all the
methods for measuring viral antigens are needed for classifying a new isolate, the method of
choice for diagnostic purposes is ELISA, for its high sensitivity and low cost.
Cell-Mediated Immunity
Cytotoxic T lymphocytes
CMI is very important in localizing viral infections, in recovery, and in the pathogenesis of viral
diseases. In experimental animals, primary CTLs reach maximal abundance about 6 days after a
viral infection and then disappears as infection subsides. However, memory T cells persists and
can be recognized by culturing spleen cells with virus-infected cells where within a few days,
secondary CTLs appear in culture with much greater activity than in the initial response.
Formation of CTLs is elicited by cell-associated Ags present at the cell surface, not only for
enveloped viruses, but also for other viruses whose core or nonvirion proteins reach the cell
surface. As in humoral immunity, type specific and group specific responses can be seen. Even
noninfectious or inactivated viruses can elicit a cellular response because their envelopes fuse
with the cell plasma membrane in the initial stage of viral penetration. Moreover, the virions
themselves may also be able to elicit the response after absorbing to the macrophages. Both
internal virion proteins and nonvirion proteins are often recognized by CTLs. An example is the
nucleocapsid proteins of enveloped viruses, fragments of which reach the cell surface by an
unknown route and are recognized very efficiently, giving rise mainly to cross-reactive CTLs.
Often, Abs to viral surface proteins do not block their interaction with CTLs, because the
humoral and cellular responses recognize different epitopes.
Antibody-dependent cell-mediated cytotoxicity
The K cells are the effector cells in ADCC. In vitro, these cells kill virus-infected cells sensitized
by IgG from immune donors but not unsensitized targets. ADCC is very efficient in vitro against
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HSV or VZV infected cells, preventing the usual spread of the virus from infected to neighboring
uninfected cells. Therefore, it may play a role in the defense against human infection with these
viruses. K cells had been shown to mediate immunity to vaccinia infection rather than Tc cells.
Natural Killer (NK) cells
In man, the principal NK cell is the large granular lymphocyte (LGL) which comprise 2-5% of
peripheral blood lymphocytes. However, not all lytic cells are LGLs and not all LGLs are NK
cells. There is overlap of the NK population with K cells. The Fc receptor of the NK cell is
however, not involved in the lytic process. There are also mechanistic differences and K cell
activity is less consistently augmented by interferon and other immune modulators. NK activity
is subject to both positive and negative regulation in vivo and in vitro. Interferon gamma and IL2 are potent inducers. Besides producing lysis, NK cells can produce alpha-interferon.
The target molecules recognized but NK cells have not been defined but it appears that some
determinants are ubiquitous whilst others have a more restricted distribution. An alternative
suggestion is that NK cell susceptibility depends on the absence of normal cell surface antigens
such as MHC molecules. The importance of NK cells in viral infection is partially understood. It
had been shown that mice depleted of NK cells by treatment with Ab against asialo GM1 show
an increased susceptibility to CMV.
Immunity to fungal infections
Fungal diseases represent an important paradigm in immunology, as they can result from either a
lack of recognition by the immune system or overactivation of the inflammatory response.
Research in this field is entering an exciting period of transition from studying the molecular and
cellular bases of fungal virulence to determining the cellular and molecular mechanisms that
maintain immune homeostasis with fungi. The fine line between these two research areas is
central to our understanding of tissue homeostasis and its possible breakdown in fungal
infections and diseases. Recent insights into immune responses to fungi suggest that functionally
distinct mechanisms have evolved to achieve optimal host−fungus interactions in mammals.
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The immune mechanisms of defence against fungal infections are numerous, and range from
protective mechanisms that were present early in evolution (innate immunity) to sophisticated
adaptive mechanisms that are induced specifically during infection and disease (adaptive
immunity). The first-line innate mechanism is the presence of physical barriers in the form of
skin and mucous membranes, which is complemented by cell membranes, cellular receptors and
humoral factors. There has been a debate about the relative contribution of humoral and cellular
immunity to host defence against fungal infections. For a long time it was considered that cellmediated immunity (CMI) was important, but humoral immunity had little or no role. However,
it is accepted now that CMI is the main mechanism of defence, but that certain types of antibody
response are protective. In general, Th1-type CMI is required for clearance of a fungal infection,
while Th2 immunity usually results in susceptibility to infection. Aspergillosis, which is a
disease caused by the fungus Aspergillus, has been the subject of many studies, including details
of the immune response. Attempts to relate aspergillosis to some form of immunosuppression in
animals, as is the case with humans, have not been successful to date. The defence against
Aspergillus is based on recognition of the pathogen, a rapidly deployed and highly effective
innate effector phase, and a delayed but robust adaptive effector phase. Candida albicans, part of
the normal microbial flora associated with mucous surfaces, can be present as congenital
candidiasis or as acquired defects of cell-mediated immunity. Resistance to this yeast is
associated with Th1 CMI, whereas Th2 immunity is associated with susceptibility to systemic
infection. Dermatophytes produce skin alterations in humans and other animals, and the essential
role of the CMI response is to destroy the fungi and produce an immunoprotective status against
re-infection. The resolution of the disease is associated with a delayed hypersensitive response.
There are many effective veterinary vaccines against dermatophytoses. Malassezia
pachydermatis is an opportunistic yeast that needs predisposing factors to cause disease, often
related to an atopic status in the animal. Two species can be differentiated within the genus
Cryptococcus with immunologic consequences: C. neoformans infects predominantly
immunocompromised hosts, and C. gattii infects non-immunocompromised hosts. Pneumocystis
is a fungus that infects only immunosupressed individuals, inducing a host defence mechanism
similar to that induced by other fungal pathogens, such as Aspergillus.
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The nature of immunity to fungal infection is discussed predominantly for mammals and birds.
T-cell-mediated immunity seems essential for recovery both from cutaneous and mucosal
infections (Candida, Malassezia and dermatophytes) and from infections of systemic fungal
pathogens (Cryptococcus, Blastomyces, Histoplasma, and Coccidioides). Often chronic
progressive disease caused by these fungi is associated with a depression or absence of T-cellmediated immunity to antigens of the infecting fungus. In contrast recovery from disease, or
absence of clinical disease after exposure to these fungi, is associated with the presence of strong
T-cell-mediated immune responses to the fungus. The activation of macrophages and the
stimulation of epidermal growth and keratinization are the processes induced by T-cell-mediated
immunity which result in the resolution of systemic or cutaneous and mucosal disease. Other cell
types, for example NK cells and PMNs (polymorphonuclear leucocytes), may be important in
these diseases in reducing the effective amount of inoculum to which an animal is exposed and
thereby reducing the likelihood of disseminated disease. Invasive opportunistic fungi (Candida,
Aspergillus, Mucorales) are resisted by PMNs which attach to the hyphae or pseudohyphae and
damage them via an extracellular mechanism. Other host cell types may be important in natural
resistance, fungal spores being handled by the macrophages which, under conditions when
animals are not immunosuppressed, are likely to be an effective first line of defense.
Immune responses to bacteria
Intracellular bacteria are endowed with the capacity to survive and replicate inside mononuclear
phagocytes (MP) and, sometimes, within certain other host cells. MP are potent effectors cells
that are able to engulf and kill many bacterial invaders. Therefore, intracellular bacteria had to
exploit potent evasion mechanisms that allow their survival in this hostile environment. At the
early phase, natural killer cells activate antibacterial defense mechanisms. During intracellular
persistence, microbial proteins are processed and presented, thus initiating T cell activation. By
secreting interleukins, CD4 alpha/beta TH1 cells activate MP, converting them from a habitat to
a potent effector cell; TH2-dependent activities seem to be of minor importance. Cytolytic CD8
T cells represent a further element of protection. In the case of Listeria monocytogenes, the gene
products responsible for virulence and for the introduction of antigens into the MHC class I
pathway are being characterized. Increasing evidence points to a role of gamma/delta T
lymphocytes in antibacterial immunity, although their precise function remains to be elucidated.
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Protection in the host is a local event focussed on granulomatous lesions. MP accumulate at the
site of microbial growth and become activated through the CD4 T cell-interleukin-MP axis.
Lysis of incapacitated MP and other host cells by CD8 T cells allows release and subsequent
uptake by more efficient phagocytes, thus contributing to host protection. At the same time, lysis
of host cells promotes microbial dissemination and causes tissue injury, which represent
pathogenic aspects of the same mechanism. Research on the immune response against
intracellular bacteria not only helps us to better understand how the immune system deals with
"viable antigens" in constant trans-mutation, it also forms the basis for the rational design of
control measures for major health problems.
Complement-Mediated Lysis
When bacteria, such as Neisseria meningitidis, invade the body, they are attacked by immune
proteins called complement proteins. Complement proteins assist in bacterial killing via three
pathways, the classical complement pathway, the alternative complement pathway or the lectin
pathway.
The first steps of the classical complement pathway require the binding of antibodies to the
surface of the target bacterium. The antibodies then become targets for one particular
complement protein complex, known as C1 – C1 binds to the tail (known as Fc region) of the
antibody. Once bound, C1 initiates a cascade of cleavage and reforming of complement
complexes that ends in the binding of several complement proteins to the surface of the
bacterium in the form of a membrane attack complex (MAC) (Figure 1), or can generate
opsonins that label a bacterium for destruction. MAC can insert into the cell membrane of Gramnegative, but not Gram-positive, bacteria. There, it produces pores that allow the entry of
membrane damaging molecules, such as lysozyme, and makes the bacterium susceptible to
osmotic lysis.
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The alternative complement pathway does not require antibody to initiate the lysis of bacteria.
In this pathway, complement proteins from a complex known as C3 directly bind to bacteria and
activate downstream components in the complement cascade, once again ending in formation of
MAC that causes lysis of the bacterium.
During the lectin pathway, mannan-binding lectin (MBL) binds to proteins containing
mannose residues that are found in some types of bacteria (such as Salmonella spp.). Once
bound, MBL forms a complex with an enzyme called MBL-activated serine protease (MASP).
In this form, this enzyme activates C3 convertase (by cleaving C2 and C4 complement
components) that participates in forming MAC.

Phagocytosis
Bacteria may also be killed by phagocytes. Immune proteins like acute phase proteins (like
complement) and antibodies bind to the surface of bacteria by a process called opsonisation.
Opsonised bacteria are, therefore, coated with molecules that phagocytic cells recognise and
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respond to. Activated phagocytes engulf and destroy opsonised bacteria by a process
called phagocytosis. Complement C3b is a particularly important opsonisation protein for
controlling bacterial infections by this mechanism. Opsonisation allows killing of Gram-positive
bacteria (e.g. Staphylococcus spp.) that are resistant to killing by MAC.
After bacteria are ingested by phagocytosis (Figure 2), they are killed by various processes that
occur inside the cell, and broken into small fragments by enzymes. Phagocytes present the
fragments on their surface via class II major histocompatibility (MHC class II) molecules.

Circulating helper T cells recognise these bacterial fragments and begin to produce proteins
called cytokines. Two major groups of helper T cells are known as Th1 and Th2 cells. These
cell types differ in the types of cytokine they secrete. Th1 cells predominantly
produce interferon-g (IFN-g), which promotes cell-mediated immune mechanisms (see
below).

Th2

cells

produce

mostly interleukin-4 (IL-4),

which

promotes humoral

immunity byactivating B cells. B cells make antibodies that stick to extracellular bacteria and
prevent their growth and survival.
Cell-Mediated Immunity
Some bacteria engulfed during phagocytosis avoid the killing mechanisms of the phagocyte to
survive

inside

cells. Macrophages are

a
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common

targets

for intracellular

bacteria (e.g. Salmonella spp.) that live inside cell compartments. These bacteria cannot be
detected by complement or antibody but, instead, are eliminated using a cell-mediated
response. Infected macrophages present bacterial peptides on their cell surface using MHC class
IImolecules. This mechanism is called antigen presentation.
A helper T cell surveys MHC class II molecules with its T-cell receptor (TCR) to observe the
peptides they hold. If a bacterial peptide is presented, the Th1 cell releases IFN-g. This cytokine
stimulates killing mechanisms, (such as production of lysozyme) inside the infected macrophage
to digest and destroy the invading bacterium. IFN-g also increases antigen presentation by cells,
making the bacterium more visible to the immune system and more prone to attack (Figure 3).
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Protozoan Immunology
Parasitic protozoa are a major cause of global infectious disease. These eukaryotic pathogens
have evolved with the vertebrate immune system and typically produce long-lasting chronic
infections. A critical step in their host interaction is the evasion of innate immune defenses. The
ability to avoid attack by humoral effector mechanisms, such as complement lysis, is of
particular importance to extracellular parasites, whereas intracellular protozoa must resist killing
by lysosomal enzymes and toxic metabolites. They do so by remodeling the phagosomal
compartments in which they reside and by interfering with signaling pathways that lead to
cellular activation. In addition, there is growing evidence that protozoan pathogens modify the
antigen-presenting and immunoregulatory functions of dendritic cells, a process that facilitates
their evasion of both innate and adaptive immunity.
The protozoan parasites, which cause important diseases affecting million of people worldwide
especially in the tropical and subtropical areas, are responsible for high mortality and morbidity.
Most of these parasites are transmitted by insect vectors and invade a range of different tissues in
their mammalian hosts. Prophylactic and therapeutic strategies are far from satisfactory. Indeed,
although significant progress has been made in our understanding of the immune response to
parasites, no definitive step has yet been successfully done in terms of operational vaccines
against parasitic diseases. Moreover, some drugs are available, but there are concerns over their
effectiveness, toxicity, and emergence of resistant strains.
An acquired immune response is the expected outcome of invasion by any living foreign
organism, yet in many hosts the parasites are able to survive for long periods and most of the
host-parasite systems explored demonstrated their own peculiarities to reach this equilibrium.
In this issue of the Journal of Biomedicine and Biotechnology, functional lessons learned from a
number of parasitic models: (Malaria, leishmaniasis, Chagas‘disease, and toxoplasmosis) have
been gathered. Analysis of plasmodium falciparum parasitized red blood cells cytoadherence to
host cell receptors, a key step in the progression of parasitic infection, revealed that in the case of
pregnancy-associated malaria (PAM), P. falciparum isolates from infected pregnant women and
children have distinct adhesive and antigenic properties from that of parasites causing cerebral
malaria. This strengthened the possibility that antigens expressed by parasites causing PAM
could be potential targets for vaccine development. Furthermore, recent advances in DNA
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vaccines against protozoan parasites especially Leishmania and Trypanosoma cruzi have been
reviewed in this special issue. The parasite and their released products elicit a complex series of
cellular interactions leading to the activation/inhibition of the host immune system. This relies on
ligand (s)-receptor (s) association among which CD40/CD40L costimulatory signaling, induction
of immune cells such as dendritic cells, macrophages and T and B lymphocytes producing
themselves various cytokines: IL-10, IL-12, IL-23, IL-27, IL-17, among others which create a
microenvironment that may promote the development of defined Th cells. The balance between
cytokine producing Th cells will determine the outcome of parasitic infection.
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