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A brief HISTORY

_et’s begin with a Question:
Microbiology the first? or IMMUNOLOGY?!

« Many ancient peoples practised a form of
vaccination even if they did not know about the
existence of infectious microorganisms.

* They were aware that certain diseases were
contagious.



* Brief summaries cannot do full justice to the progressive discoveries that have
led to our current state of knowledge.

* Most texts record the birth of immunology, at least in the western world, as
related to the introduction of the concept of vaccination by Edward Jenner in
1796.

«Jenner collected fluid from a cowpox vesicle on the hand of the dairymaid
Sarah Nelmes, and inoculated this into the arm of the eight-year-old boy
James Phipps.

*It has recently been suggested that a similar experiment may have been
conducted some 20 years before Jenner by the Dorset farmer Benjamin Jesty.

* The next major developments in immunology were attributed to Louis Pasteur,
who developed vaccines to fowl cholera (1879), anthrax (1881), swine VETERINARY
erysipelas (1892) and rabies (1885) e.g., for Joseph Meister, below). IMMUNOLOGY

PRINCIPLES AND PRACTICE

#fe e Pt
-




R e e e e e T R R i o o T e e o e e o e e e

ine today the scale of the problem but in medieval times up to 60% of the
population were infected with smallpox, of whom some 15% died. This means that
about 10% of the population died of smallpox. Those who survived, especially
adults, were often severely disfigured and/or blinded. Ancient Iranians, Chinese
and Indians practised a technigue known as variolation, which involved deliber-
ately introducing material from a smallpox lesion into a scratch on the individual
being treated, who was usually a child. Even though the process induced the actual
disease, it was known that smallpox caused a less severe illness in children and
those that survived variolation would be protected as adults. A variation among
the dwellers in Baluchistan was to encourage children with wounds to touch the
cowpox skin lesions of infected cows. Camelpox was claimed to be as effective. The
idea that cowpox could provide protection against smallpox thus preceded the vac-
cination strategy of Jenner by centuries.

Another disease that attracted considerable attention was rabies. Romans in
the fifth century advocated protecting cattle from rabies by making infected cows
swallow the boiled liver of a rabid dog. Valli in the 17th century claimed that incu-
bating saliva obtained from a rabid dog (obtaining this seems a somewhat risky
process) with the gastric juices of a frog provided material that protected against
rabies. Both of these treatments could be considered types of attenuation in which
the virus or toxin was rendered harmless but provided immunity.

Other “vaccination” procedures may have also inadvertently resulted in attenua-
tion of pathogenic organisms or toxins. Inhabitants of ancient Iran treated
(vaccinated?) goats against pneumonia by taking the lungs from infected animals
and grinding them with garlic and vinegar. A needle and thread was then incubated
in the material before being passed through the ear of the goat. A variation on this,
practised in parts of Africa, was to ferment pieces of infected lung in a mixture of
bran, millet and a plant extract used for tanning skin, to produce a potion for pro-
tection against bovine pneumonia. It was observed that although the treatment
comebimes caused fatal oneumoma where it was effectve orotecton was Lifelona.
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We live in a potentially hostile world
omposed of) different types of infectious agents
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Potential outcomes of the interaction between a
host and a microbe

Host—microbe contact
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A short Glossary at the outset!

e Infection & Infectious Disease

» Pathogenicity

e Virulence



A short Glossary at the outset!

* Infection & Infectious Disease (LTBI)

— Latent infection with M. tuberculosis indicates the presence of live M.
tuberculosis organisms in a human host who is asymptomatic. It is detected by
demonstrating immune responsiveness of the host to M. tuberculosis antigens (using
the tuberculin skin test or interferon-y release assays). Latent infection can last a

lifetime.

» Pathogenicity
The capacity of a microbe to cause damage in a host.

* Virulence
The relative capacity of a microbe to cause damage.



Different Terms for Describing an
Infection

R g ad Hhij)
superacute, acute, subacute, chronic, superchronic, etc.
g8 () O
Current, Recent, Past, Old, Remote, prior infection, etc.
?JHS
Persistent, Transient, Carrier state, etc.
Cid e 6 gad

Insidious, Underlying, Apparent, Undolant or Undulated, masked,
Intermittent, Wax & Wane, etc.

ale Bl
Relapse, reactivation, re-infection, recrudescence, etc.
dnfuds Gl | aidle ) g
Symptomatic vs. Asymptomatic, full-blown, active, resolved, recovered,
latent, indolent, dormant, quiescent, etc.
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Immunity / A
The Immune System
Definition, Function, Parts, Types, Characteristics
° mmunology, History / Disciplines / Promises
 ImMmune Response (self vs. non-self)
* Innate & Adaptive Immunity, humoral vs cellular
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Inflammation, other normal & abnormal mechanisms




Exterior defenses

lysozyme In tears
and other secretions

commensals

skin

physical barrier
fatty acids
commensals

low pH and
commensals
of vagina \

removal of particles
by rapid passage of
air over turbinate
bones

bronchi
mucus, ciha

gut

acid

rapid pH change
commensals

flushing of
urinary tract




Cooperation between parts of
the IS

INNATE

SUCCESS

ADAPTIVE
Barriers to primary infection Self vs non self

Phagocytosis Antigen-recognition molecules

Complement Clonal selection
Inflammatory mediators Memory

Immune-system associations

vaccines . |
mmunity to microbes Autoimmunity
Successful transplantation Immunodeficiency
Monoclonal antibodies Allergy

FAILURE
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Characteristics

Components

Innate

Non-specific
response

Fast response
(minutes)

No memory
Natural barriers,
phagocytes and
secreted
molecules

Few Pattern
recognition
molecules

Adaptive
Very specific

Slow response
(days)
Memory
Lymphocytes
and secreted
molecules

Many Antigen-
recognition
molecules



Microbe

/

% Immunite innee Immunité adaptative
Barrieres Lymphocytes B Anticorps
epitheliales

pe ‘G "

Phagocytes Lymphocytes T effecteurs
Lymphocytes T @ : .
§  © Je=g- 2
Cellules b
Complement M
Heures F{ Jours
0 6 12 1 3 5

Délai ecoule depuis lnfection L—_‘__:}

| A simplified Diagram for Immunity against Infections (ed 2001) |




Microbe

. Innate immunity. . Adaptive immunity.

% Epithelial
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Haman Diagram Qabli (but 2022) for Immunity against Infections
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Major lymphoid organs and tissues

primary lymphoid secondary lymphoid organs
organs and tissues

| Waldeyer’s ring

(tonsils and adenoids}

bronchus-associated

lymphoid tissue
thymus
' lymph nodes
bone | “ ' ) | Done marrow

. MR/ 1\ 4  aem N A
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i lymphoid nodules

mesenternc lymph
nodes

|

- l Peyer's patch

~~_|  urogenital

\ lymphoid tissue

=~ lymph nodes
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Lymphoid System

Ag-dependent proliferation
(Thymus & Bursa)

Ag Exposure sites
(MALT & Nodes & Spleen)

GALT & BALT
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Mucosal follicles
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An NK cell attached to a target cell
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1- The Strange Matters:

e The innate immune system recognizes molecular structures that are produced by microbial
pathogens, such as LPS, Peptidoglycan, Mycolic acid, etc.. These microbial substances that
stimulate innate immunity are often shared by classes of microbes and are called pathogen-
associated molecular patterns (PAMPs).

e Different types of microbes (e.g., viruses, gram-negative bacteria, gram-positive bacteria,
fungi) express different PAMPs.

e The innate immune system detects the presence of infection but not the specific pathogens.

e The innate immune system also recognizes endogenous molecules that are produced by or
released from damaged and dying cells. These substances are called damage-associated
molecular patterns (DAMPs).

2- The Raceptors:

e The innate immune system uses several types of cellular receptors, present in different
locations in cells, and soluble molecules in the blood and mucosal secretions to recognize
PAMPs and DAMPs which are called pattern recognition receptors (PRR).

A il ) PAMP & DAMP 4y 354 Al gl (A3 Aad) 590 PRR ¢l o ndy g5



Nucleic acids ssBRNA: viruses
dsBNA: viruses

Unmethylated CpG: viruses,

bacteria
Proteins Pilin: bacteria
Cell wall lipids LPS: gram-negative bacteria Stress-induced proteins HSPs
Lipoteichoic acid: gram-
positive bacteria Crystals Monosodium urate
Carbohydrates Mannan: fungi, bacteria

Proteolytically cleaved Proteoglycan peptides
extracellular matrix

Glucans: fungi

Mitochondrial components ~ Extracellular formylated
found outside mitochondria  peptides and ATP

Nuclear proteins or nucleic  Extracellular HMGB1,

acids found outside histones, cytoplasmic
nucleus dsDNA




Soluble

Pentraxins

#

Collectins

e

Ficolins

Complement
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Plasma

Plasma

Alveoli

Plasma

Plasma

C-reactive protein

Mannose-binding
lectin

Surfactant proteins
SP-A and SP-D

Ficolin

Various complement

proteins

Cell-Associated

TLRs

Scavenger receptors

HE

N-Formyl met-leu-phe receptors

Microbial .

phosphorylcholine and
phosphatidylethanolamine

Carbohydrates with terminal
mannose and fucose

Various microbial structures

N-Acetylglucosamine
and lipoteichoic acid
components of the cell walls
of gram-positive bacteria

Microbial surfaces

Plasma membrane and endosomal
membranes of DCs, phagocytes,
B cells, endothelial cells, and
many other cell types

Cytosol of phagocytes, epithelial
cells, and other cells

Cytosol of phagocytes and
other cells

Cytosol of many cell types

Plasma membranes of
phagocytes

Plasma membranes of
phagocytes

Plasma membranes of
phagocytes

TLRs 1-9

NOD1/2

NLRP family
{inflammasomes)

RIG-1, MDA-5

AIMZ; STING-
associated CDSs

Mannose receptor,
DC-SIGN

Dectin-1, Dectin-2

CD36

FPR and FPRL1

Various microbial molecules
including bacterial LPS,
peptidoglycans, viral nucleic
acids

Bacterial cell wall
peptidoglycans

Intracellular crystals (urate,
silica); changes in cytosolic
ATP and ion concentrations;
lysosomal damage

Viral RNA

Bacterial and viral DNA

Microbial surface
carbohydrates with terminal
mannose and fucose

Glucans present in fungal and
bacterial cell walls

Microbial diacylglycerides

Peptides containing N-
formylmethionyl residues




Bacterial cell walls

Gram positive

Gram negative

+capsule or microcapsule
|

+fimbriae or flagellae*
|

lipoteichoic acid *

LPS* in outer
lipid bilayer  lipoprotein*

|...-—-'-_._--——-_____..¢L’1_.-

..,—-'--.___.-—-.______..-—-u_-

mycobacteria spirochete
glycolipids* mycolic acids . . gxigl outer
lipoprotein*  fibrils envelope

| L

lipoarabinomannan*

I 1

cell
membrane

peptidoglycan*

(murein)
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Known Toll-like Receptors, What Cells Express Them, and What the Ligand Is for Each Receptor

Beceptors Cells Ligand
TLR1 Platelets, atherosclerotic plaques, monocytes, Lipoprotein from
neutrophils, germinal center B cells, natural killer cells, Mycobacterium
DCs, B cells tuberculosis
Soluble factors from
Neisseria meningitidis
TLR2 Atherosclerotic plaques, monocytes, neutrophils, Peptidoglycan
natural killer cells, B cells, spleen, lymph nodes Lipoteichoic acid
Triacyl lipoproteins
Diacyl lipoproteins
(with TLR6)
TLR3 DCs, natural killer cells dsRNA
TLR4 Atherosclerotic plaques, neutrophils, monocytes, B LPS
cells Fusion protein from
respiratory syncytial
virus
TLR5 DCs, natural killer cells, monocytes, T cells Flagellin
TLR6 Platelets, resting B cells, germinal center B cells, Diacyl lipoproteins
natural killer cells, monocytes, DCs (with TLR2)
TLR7 Monocytes, resting B cells, germinal center B cells, ssRNA
DCs
TLRs DCs, monocytes ssRNA
TLRo Resting B cells, germinal center B cells, natural killer Bacterial CpG DNA
cells, monocytes, spleen
TLR10 Resting B cells, germinal center B cells, natural killer Unknown
cells, DCs
TLR11 ? not expressed in humans murine kidney and bladder Unknown
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A Jaundiced Student of Medicine with HBV infection,
preventable by vaccine
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Antiviral Effects of Type | IFNs




IFN-a/B

Active
FMAse L

|

Inactive
EMAse L

Degradation of

poly[A) mMRNA

.

Inhibition of protein synthesis

Induction of antiviral activity
by IFN-a and -[3.

IFN-a/ receptor

PKR (inactive)

PKR (activated) )

+ATP and
dsRNA

Phosphorylation of

elF-2

|

elF-2 GDP
(non-functional)

/

These IFNs bind to the IFN Receptors
and finally inhibit protein synthesis,

thereby effectively block viral replication.



Interferons

IFNi
IFNB

virus-resistant
IFNy cell

antigen

© Elsevier. Male et al.: Immunology 7e - www.studentconsult.com
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Functions of complement

bacteria phagocyte bacteria
I im | Iy

2. chemotaxis 3. opsonization

© Elsevier. Male et al.: Immunology 7e - www.studentconsult.com
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complement t+++
C3b
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Kinetics of activation of host defenses in response
to a typical acute virus infection

type | NK CD8+
IFN cells virus T cells Abs
[ | |

viral load or immune effector activity

2 4 6 8 10 12 14 16 18
time post-infection (days)




Different kinds of antigen-presenting cells (APCs)

1
microbe

\\ ) immature DC
. :

o -
AT aY ) .
»
Al . b
S Y
. =
\ Teny
¥ o
|
.

antigen presentation

complexes
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Effector mechanisms by which adaptive responses combat virus replication

kil

complement

infected cell

neutralization
by antibody

IFNy

kill (ADDC)
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Survelllance

Homostasis ?!

Autoimmunity




Adaptive Immune Responses
against microbial invaders

- Humoral - -Cell—mediated-

immunity

®*4

Microbe Extracellular
microbes
Responding .
lymphocytes
B lymphocyte
Secreted
antibody
Effector
mechanism %{
Antibodies prevent
Functions ) infections and

eliminate extracellular
microbes

immunity

Extracellular

microbes
*‘J-

Phagocytosed ' o
microbes that can live
within macrophages

Helper
T lymphocyte
Activated  Cytokines

macrophage
@< o

Neutrophil

Cytokine-
activated
phagocytes
kill microbes

@

' | Intracellular microbes

| (e.g., viruses)
| replicating within
: infected cell

Cytotoxic
T lymphocyte

infected cell

CTLs kill infected
cells and eliminate
reservoirs

|

|

|

|

|

|

|

|

|

|

|

|

|

| -
|
| 6
|

|

|

|

|

|

|

|

|

|

: of infection
1




Humoral
immunity

55

Microbe Extracellular

microbes

Cell-mediated
immunity

Extracellular

microbes
*3‘:
""\.\;.

Phagocytosed
microbes that can live
within macrophages

Intracellular microbes
(e.g., viruses)
replicating within

!
I
|
|
|
|
!
I
|
' infected cell



Microbe

Responding -
lymphocytes

Humoral
immunity

Extracellular
microbes

B lymphocyte

Cell-mediated

immunity

Extracellular

microbes
=
X7

|
b,

Phagocytosed
microbes that can live
within macrophages

Helper
T lymphocyte

Intracellular microbes
(e.g., viruses)
replicating within
infected cell

Cytotoxic
T lymphocyte



Microbe

Responding -
lymphocytes

Effector
mechanism

Humoral
immunity

Extracellular
microbes

B lymphocyte

Secreted
antibody

b

Cell-mediated

immunity

Extracellular

microbes
*3‘:
.'\"'\.:_

Phagocytosed ===
microbes that can live
within macrophages

Intracellular microbes
(e.g., viruses)
replicating within
infected cell

Helper Cytotoxic
T lymphocyte T lymphocyte
Activated Cytokines
macrophage
4~ O

Killed
infected cell

Neutrophil



Humoral Cell-mediated

immunity immunity

Extracellular

microbes

Microbe T i Intracellular microbes
microbes Phagocytosed == (e.g., viruses)
microbes that can live | replicating within
within macrophages infected cell
Responding .
lymphocytes
ymphocyt . Helper Cytotoxic
B lymphocyte T lymphocyte T lymphocyte
Activated Cytokines
Secreted macrnpigi

antibody o

Effector E#'ﬁ
mechanism
g

_ Killed
: infected cell
Neutrophil
Antibodies prevent Cytokine- CTLs Kill infected
Functions ) infections and activated cells and eliminate
« | eliminate extracellular phagocytes reservoirs
microbes Kill microbes of infection




Adaptive Immune Responses
against microbial invaders

‘Humoral Cell-mediated
immunity immunity
“ ] Extracellular |
LﬁJ“sg' microbes : e
ﬁ. e " I
QeI Vicrobe '@' ii‘:f L AR
P _ Icrobe Extracellular S e/ | Intracellular microbes
J)e microbes Phagocytosed  (e.g., viruses)
microbes that can live | replicating within
13 within macrophages 'infected cell
G J ° ] I
Responding .
lymphocytes
ymphocyt . Helper Cytotoxic
B lymphocyte T lymphocyte T lymphocyte
Activated  Cytokines
Secreted macrﬂpigg _@{
antibody A\ Oow

Effector lﬁf@
mechanism
xY » £

: . infected cell
Neutrophil
Antibodies prevent Cytokine- CTLs kill infected
Functions infections and activated cells and eliminate
+ | eliminate extracellular phagocytes reservoirs
microbes kill microbes of infection
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Functions of different types of lymphocyte

cytotoxnclty

>, ©
() (=

antigen antigen £

presentation Z presentation I

macrophage {}

virally infected cell and
antibody production some tumor cells

© Elsevier. Male et al.: Immunology 7e - www.studentconsult.com




Antigens and epitopes

amigah antibody




B cell clonal selection &
Diverse memory B cell generation

antigen selection

proliferation/
maturation

production of antibody 2




Mechanisms by which specific antibody controls some parasitic infections

parasite

mechanism

effect

Plasmodium spp. sporozoite,
intestinal worms,
trypanosome

Plasmodium spp. sporozoite
and merozoite, T
cruzi, T. gondii

Plasmodium spp.

trypanosome

schistosomes,
T spiralis,
filarial worm larvae

1
complement
protein

2

Toxic
mediators

e

larval worm

direct damage or
complement-mediated lysis

prevents spread by
neutralizing attachment site,
prevents escape from
lysosomal vacuole, prevents
inhibition of lysosomal fusion

enhancement of
phagocytosis

antibody-dependent
cell-mediated
cytotoxicity (ADCC)




Overview of CD4" T cell-mediated immunity to bacteria and fungi

T cell priming

IFNy

isotype
switching

opsonization of

extracellular bacteria
& (* complement)

CD4oL CD40

~@

" intracellular
killing

macrophage

activation
123 neutrophil

chemokines recruitment

IL-17

=
\E> IL-22
i

intracellular
killing

G-CSF

mmmml> anii-baclerial

peplides

e | o] o] @]




Pathways of CD8 T cell activation and function

'cytosolic'
pathogens

inflammatory
cell recruitment

chemokines

TNF, GM-CSF

apoptosis

'phagosomal’ -
pathogens killing of
pathogen
Cross- .
priming infected host

cell

‘::> intracellular
; killing

infection-induced uptake of mac_rop!'lage
apoptosis apoptotic blebs acivation




Selection of effector mechanisms by TH1 and TH2 cells

"~ inhibits

macrophage
activation

production

inhibits
proliferation

I-10

@ _ eosinophil
mast cell

vV
antibody, A
including IgE

© Elsevier. Male et al.:
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Factors controlling the characteristic immune response of a tissue

blood vessel

selective
migration

endothelium

tissue balance of
lymphocyte
populations

local
APCs and
mononuclear

phagocytes

© Elsevier. Male et al.: Immunology 7e - www.studentconsult.com



Response to a typical acute virus infection

© Elsevier. Male et al.: Immunology 7e - www.studentconsult.com



PRIMARY SECONDARY
RESPONSE RESPONS
Steady
state

Declining
~ phase

Exponential \ igM

Serum antibody concentration

phase -
Latent period
1 10 A 3
Primary Secondary
immunogenic stimulus immunogenic stimulus
Time (days)
Antiggne X +
Antigéne X antigéne Y

>

Titre d'anticorps sérigues

Q Lymphocyte B anti-X
G Lymphocyte B anti-Y

Lymphocytes ¥ Xy
B actives _,

e Lymphocytes B

X memoire

Serum antibody level

Antigen A

Antigen A :
+ Antigen B Secondary

anti-A x
Primary

anti-B
response

response

Primary anti-A
response

Antibody
(ng ml~! serum)

14 "o 6 14

Time, days

10% -

lag
10° { phase

102
10" 4
10° 4
107" 4

10°% 5

response to
antigen B
T 08 1

64 68 72
ens Days

1073 -

Figure 1-24 Immunobiology, 7ed. (© Garland Science 2008)



Properties of the 2" Response

Serum
antibody
concentration
f 5 5 e More rapid and greater magnitude secondary
Total anti bOdy 19 and subsequent response to antigen
| g M Protective level of
antibody to HBsAgQ
Primary response.
Slow response and
7| relatively low level of
antibody generated
U //

T T T 7] T T T - : . . , : : ‘
10 20 30 10 20 30 Time 1 g 2 3 4 5 4> 6 i
Dose 1 Dose 2 Time (months) Dose 3 f
%tigen %ﬂgen (days) . - SMQTHhB?AgO;eggarcnhL?: m)

Vergani & Peakman: Basic & Clinical Immunology, 2nd Edition.
Copyright © 2009 by Churchill Livingstone, an imprint of Elsevier, Ltd. All rights reserved. © Elsevier. Nairn & Helbert: Immunology for Medical Students 2e - www.studentconsult.com

Principle of vaccination

secondary :AH AhJA é"‘tﬁ D

vaccination :)r:tmg:iyy natural | ;hibody
infection . . .
— p—r— (Hybrid Immunity J? Lagai)
0X01 toxin _acqunrg
[V i (Shorter Lag Phase) A

@
4 ¥

antibody
response

(Higher Amplitude) BTN
(Broader Plateau) Salgale
(More Affinity, ClassSwitched) Jidals e
neony oaks Toried time (Diverse epitope sites) Srga e

© Elsevier. Male et al.: Immunology 7e - www.studentconsult.com



\

Artificial
antibodies from
other sources

Artificial
immunization




Immune Evasion

oy
Microbial Pathogens
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Immune Evasion by Microbes

« Antigenic variation; Latency; Ag shedding; etc.
« Antigens cover-up:

v'Toxoplasma gondii creates a specialized environment within the cells by
an impenetrable membrane-enclosed vesicle.

v'Histoplasma capsulatum resides intracellularly and Cryptococcus
neoformans is encapsulated within the host body.

« Antigen Masking/ Disguise:
v Treponema pallidum covers itself with human proteins. This is also a
strategy by Schistosoma.

* Production of Inhibitory Factors:
v Neisseria gonorrhea produces an IgA protease.
v M. tuberculosis prevents the fusion of phagosome and lysosome.

v" Listeria monocytogenes, in contrast, escapes from the phagosome into
the macrophage’s cytosol.

 Of the four groups of pathogens viruses have evolved the greatest variety
of mechanisms for escaping immune defenses.



ok wwbdPE

| What Free antigens of Pathogens can do? |

¢
vy ¢ % & Free antigens

I
v v v v v

1. Block antibody 2. Blockade effector 3. Induce T and 4. Induce polyclonal 5. Inhibit the
cells B cell tolerance  activation (diversion of  inflammatory
the |mn'|une system) response

- ’
A ﬂf. Q‘E"f}
ay __,,-f+l

Achvated Tqu ressor
UI",/ \ o

(ADCC) y _I\\ L # #
Glnnal HFE clmal .; @ Prostaglandins IL-10,
b
o

exhaustion blockade deletion “>—"/ - - TGF-p
Non-specific activation

Soluble antigens of Plasmodium falciparum

Circulating complexes of Schistosoma mansoni inhibit CTLs

Trypanosoma brucei soluble antigens

EBV is mitogenic to B (& S.aureus to T) cells producing high levels of non-specific Ab / CTK
Many pathogens release immunosuppressive molecules



Some Viral self-defense strategies include:

« capture of cellular genes encoding cytokines or cytokine
receptors (which when expressed by the virus can divert
the Immune response)

« synthesis of proteins that inhibit complement fixation

« synthesis of proteins that inhibit antigen processing and
presentation by MHC class | molecules

* etc.



Viral strategy Specific mechanism | Rezult Viral examples
Virally encoded Efmnﬁﬂmg“rﬁgm Herpes simplex
Fc recepior o ArTHBdiEs Badn Cytomegalavines
infected cells
i Elocks complement-
Inhibition of humoral Virally encoded medinied effecior Herpes simplex
immunity complement receptor pathways
Virally encoded Inhibits complement
complement control activation of Vaccinia
protein infected cell
Virally Emed tsﬂenmﬁzﬁlj?;t:_;d cells |
Emhf“r;nkm& recepior Bmfmllf;ht.sm; advantage Cytomegalovirus
. To vines unknown
Virally encoded soluble
cfh:ul-;hirne recepior, e.g. | Dhocks effectsof
IL-1 receptor homolog, | CYtokines by inhibiting Vaccinia
THE FEDEFI'tﬂ'I" |'I:]'ITII:Ih'l;|. their interaction with
Inhibition of IPN-y receptor homolog host receptors
inflammiatory response
Viral inhibiticn of
:r:lr?ralsr::}rll rn;r::cule Blocks adhesion of - :
Expression, e.g. LFA-3, lymphocytes fo infected Epstein—Bar virus
ICAM-1 rells
Protection from NFxE Blocks inflammatory
activation by short responses elicited by Vaccinia
sequences that mimic | IL-1 or bacterial
TLRs pathogens
Inhibition of MHC class | | IMPAirs recognition of Herpes simplex
; . . antigen-presenting cells .
Blocking of antigen upregulation by IFN-¥ Cytomegalavines
: by CO4 T cells
processing and
presentation " ; Blocks i
Jl[l'lhltllhlilrl: L“ _ﬁiﬁ:lde iaﬁﬁh Herpes simplex
RSP Y MHC class |
. Virally encoded Inhibits Ty;1 lymphocytes .
IT ﬂﬂﬂuppmﬁsmn cytokine homolog of Reduces IFN-y ﬂEpnﬁtsem—Earr
" IL-10 production




Emerging and Re-emerging
Infectious Diseases

Emerging infectious diseases:

 Arisen or increased in the human population in the past 2 decades, such as:
v COVID-19, MERS and Zika
v AIDS, H. pylori & Ebola in the past!

Re-emerging pathogens:
» Those that were formerly rare, viewed as largely under control or exhibiting
reduced infection rates



Emerging pathogens in the end of the last century

Year Pathogen Disease
1973 Rotavirus Major cause of infantile diarrhea globally
1974 Hepatitis C Non-A, non-B hepatitis commonly transmitted via transfusions
1976 Cryptosporidium panum Acute chronic diarrhea
1977 Ebola virus Ebola haemorrhagic fever
Legionella pneunophilia Legionnaires’ disease
Hantavirus Haemorrhagic fever with renal syndrome
Campylobacter jajuni Enteric diseases distributed globally
1980 Human T-lymphotrophic virus | (HTLY-1) T-cell ymphoma
1981 Toxin-producing strains of Toxic shock syndrome
Staphylococcus aureus
1982 Escherichia coli 0157:HT Haemorrhagic colitis
HTLV-II Hairy cell leukemia
Borrelia burgdorferi Lyme disease
1983 HIV AIDS
Helicobacter pylori Peptic ulcers
1988 Hepatitis E Enteric non-A, non-B hepatitis
1990 Guanarito virus Venezuelan haemorrhagic fever
1991 Encephalitozzon heliem Conjunctivitis, disseminated disease
1992 Vibrio cholerae 0139 New strain of epidemic cholera
Bartonella henselae Cat scratch disease
1994 Sabia virus Brazilian haemorrhagic fever
1995 Human herpes virus-8 Associated with Kaposi sarcoma in AIDS patients
1996 TSE causing agent New variant of Creutzfeldt-Jakob disease (mad cow disease)
1997 Influenza A subtype H5N1 Avian influenza
1999 Influenza A subtype HINZ New strain of human influenza

Nipah virus
West Mile virus

Encephalitis
Encephalitis



Examples of Emerging & Re-emerging Diseases showing point of origin

Mewly emerging discases
Re-emerging diseases

Lyme disease —

Cryptosporidiosis

Vancomycin-resistant —
5 anrens

Multidrug-resistant tuberculosis

Crvptosporidiosis Diiphtheria
VD Typhoid
West Nile vinus fever
Cholera

Cyclosporiasis

F. colf O15TH7

e

Human

monkey pox

Whitewater
ACCCFYO Vs

Hantavims

pulmonarny
syndromss

HIMNI
influenza

Dengue =

o -

Cholera ——

Lassa fever

Yellow fever —

Hantavirs
pulmnary
syndrome

Dirog-resistant malaria ——

Yellow fever

Marbvrg

Cholera

BARS

— Vancomycin-
resistant
5. dnrens

E. coli
O157-H7

HaMI1
influenza

Dirog-resistant
malaria

Vancomycin-
resistant
& anreus

Mipah virs

Hendra virus

Enterovirus 71

Hepatitis C
Rift Valley fever
HIV

Human monkeyvpox
Fhola

hemomhagic fever

hemorchagic fever



Emerging and Re-emerging
Infectious Diseases

Emerging infectious diseases:

 Arisen or increased in the human population in the past 2 decades, such as:
v COVID-19, MERS and Zika
v AIDS, H. pylori & Ebola in the past!

* Emerging infectious disease outbreaks may seem to come from nowhere!

Re-emerging pathogens:

» Those that were formerly rare, viewed as largely under control or exhibiting
reduced infection rates, but that have recently begun to resurge due to:

v development of drug resistance (e.g., tuberculosis),

v" acquisition of new virulence factors (e.g., MRSA),

v’ environmental changes that impact spreading (e.g., HIN1)

v biological changes that increase transmission rates (e.g., diphtheria)

v’ socio-behavioral changes that enhance geographic range (e.g., CCHF)
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In the past years, highlighting the expanding geography of this issue
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Immunopathology

Immune Responses may exert damages to the Body
through:

 Allergies (especially by molds & Helminths)
» Antigenic Mimicry — cross reactions

 |C formation & Type lll Hypersensitivity

* Immune Dysregulation & Hyperstimulation
« Superantigen release



\ LFA-1 ICAM-1

MHC
class |l

CD28 CD80(B7)

CD154
(CD40L)  CD40




MHC class I

recognition of antigenic peptide
in MHC groove - requires
Vi, Ja, VB, DB, JB

low frequency of antigen-
specific cells {<0.01%)

LT N AT Ve K
e aly

MH 898' Il

recognition of V3 alone

high frequency of antigen-
specific cells (=10%)

Response to a typical acute virus infection

fésponse‘ T
antibody Ve

CTL

1

‘ L
0 2 4 6 8 10 12 14 18 1

time post-infection {days
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(a) Exogenous (b) Endogenous
superantigen superantigen

Ty cell Ty, cell

TCR

TCR
Peptide for
Vi which TCR
Superantigen Superantigen IS not
specific

Class II MHC

o -
Class I MHC



Immunopathology

Immune Responses may exert damages to the Body
through:

 Allergies (especially by molds & Helminths)
» Antigenic Mimicry — cross reactions

 |C formation & Type lll Hypersensitivity

* Immune Dysregulation & Hyperstimulation
« Superantigen release

* Granuloma Formation & Tissue injury



Multinucleated
giant cell

Epithelioid cell

Intracellular Activated
bacteria macrophage
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Immunopathology

Immune Responses may exert damages to the Body
through:

 Allergies (especially by molds & Helminths)
 Antigenic Mimicry — cross reactions

 |C formation & Type Il Hypersensitivity

« Immune Dysregulation & Hyperstimulation
« Superantigen release

« Granuloma Formation & Tissue injury
 Triggering Autoimmunity
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(Immunization & to get Immunized)

SR ladi
Active Passive

(Persistent - due to memory) | (Transient - as ready product)
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(Artificial)
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Learn Definitions for : Vaccine; Infection vs Infectious Disease; Serum (pl. sera); ISG & IVIG;
Heterologous vs Homologous sera; Pre- / Post-Exposure ; Preventive / Therapeutic ; Adoptive
Transfer of cells ; mass immunization ; Herd immunity ; Premunition (non-sterile, concomitant
immunity) ; Adjuvants & Immune Potentiators ; Conjugated vaccines ; Seroconversion ;



Learn Definitions for :

Vaccine; Infection vs Infectious Disease;

Serum (pl. sera); ISG & IVIG;

Heterologous vs Homologous sera;

Pre- / Post-Exposure;

Preventive / Therapeutic;

Adoptive Transfer of cells;

mass immunization ; Herd immunity; Passive vaccination
Premunition (non-sterile, concomitant immunity);
Adjuvants & Immune Potentiators;

Conjugated vaccines;

Seroconversion; Serofastness, Seroreversion, Seroreapse,
seroresistance;
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A comprehensive Table of
common Vaccine-Preventable Inf. Dis. in IRAN
(to be memorized!)
with some Errors in it! (to be found)
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Some Properties of
An 1deal vaccine

« Safety, Low reactogenicity

« Efficiency, Potent Immunogenicity
 Prompt Response

* Price

 Stability

« Ease of Use

“» EXipients:
* Adjuvants (Alum, ISA 720 or Montanide, AS03, ASO1, Matrix M1, etc.)

» pH Stablilizers (Gelatin, Sucrose, Lactose, Aminoacids, phosphate salts, etc.)
» Preservatives (Thimerosal = Merthiolat, phenol, formaldehyde, A-biotics, etc)
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Anti microbial/ Anti allergic/ Anti tumoral?

Germ type?
o Bacteria/virus/ . ..

Necessary or Fantastic? (Required vs Inducted)
Main / Ordinary (EPI) vs. Accessory / Additional

nature?

o Whole organism
o Live
o Inactivated

o Subunit (fractioned)
o Peptide / Protein ; Polysaccharide ; or even Conjugated ; recently: DNA, RNA
Production Technology

o Naturally procured

o Serum derived BCG, Salmonella, Escherichia, ...
o cultured (in vivo / in vitro) o § 5 9 galgr 9 sl

o Synthetic
o recombinant vaccine , e.g. in yeast, E. coli

o recombinant vector vaccine: certain parasites, yeasts, big bacteria or large viruses)

Route of Administration?
o oral., IM, ID, SC (HD), inhaling (respiratory), patch
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Sample of a National Immunization Schedule:

India

Table 17.1 National Immunization Schedule (India)

Age

At birth

6 week

10 week

14 week

9 month

16-24 month

2-6 year

10 year

16 year

For pregnant women
1 month after TT-1

Vaccine
Bacille Calmette-Guérin (BCG), oral polio vaccine-0 (OPV-0)
BCG-2, diphtheria, pertussis, tetanus, (DPT-1), OPV-1
DPT-2, OPV-2

DPT-3, OPV-3
Measles 5

DPT, OPV B
Diphtheria-3 (DT-3) » 2l 7
Tetanus toxoid-4 (TT-4)
TT-4

TT-1 or buster

TT-2

Sunil Kumar Mohanty
K Sai Leela

On Page 233




Another Sample of a National Immunization Schedule:

The US
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Preumococeal pofysaccharide™ P—
l:?mza] I I I I I
|:| Rangs of recommanded |:| Range of recommandsd ages I:l Range of recommendsd ages I:lﬁange of recommendad ages for non-high-rsk I:l Mo recommendation
ages for all chikdren for catch-up mmamnizaiion fior cartain high-risk groups groups that may recaive vaccine subject to



Schedule for Active Immunization in Children

Adapted from the Centers for Disease Control and Prevention (www.cdc.gov/vaccines)

Age Vaccine
Birth Hepaltitis B (Hep B). first dose
2 months Diphtheria, tetanus toxoids. acellular pertussis

vaccine (DTP); H. influenzae type b (Hib):
inactivated polio vaccine (IPV): and
pneumococcal conjugate vaccine (PCV),
first doses

4 months DTP, Hib, IPV, and PCV, second doses

6 months DTP, Hib, and PCV, third doses RED

6—18 months Hep B and IPV, third doses

®
12—15 months Measles, mumps, rubella (MMR), first doses BOOK

varicella vaccine

14 months Hep B, second dose
15—18 months DTP, fourth dose 32nd Edition
46 years DTP, fifth dose; IPV, fourth dose;
MMR. second dose
11-12 years Tetanus toxoid booster

American Academy of Pediatrics @
DEDICATED TO THE HEALTH OF ALL CHILDREN®* :

11-12 years Human papillomavirus (HPV)
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Some Additional VVaccinations

Adapted from the Centers for Disease Control and Prevention (www.cdc.gov/vaccines)

Vaccine

Anthrax

Hepatitis A
Hepatitis B

Japanese B encephalitis

Haemophilus Influenzae Type b (Hib)
Measles, mumps, influenza, varicella, rubella
Meningococcus

Plague

Rabies

Typhoid

Yellow fever

Other Additionals:

Population(s)

Military personnel; handlers of animal hides, furs, bone meal, wool, and animal
bristles; researchers who work with B. anthracis; veterinarians likely to be exposed

Children and adults in high-risk areas

All children, susceptible health care workers, male homosexuals, intravenous drug
users, individuals exposed to blood products

Travelers to high-risk areas

Children starting at 2 months of age

Susceptible health care personnel

Military personnel, young adults living in college dormitories, sleep-away camp
Persons in regular contact with rodents, investigators working with Yersinia pestis
Veterinarians, animal handlers, animal bite victims

Travelers to high-risk areas

Travelers to high-risk areas

Cholera Vaccine, Influenza virus vaccine, etc. depending on the geographic location



Propagating & Dissemination of Influenza Virus to the Environment; Attenuated form, InshaAllah!
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Concentration of serum immunoglobulin
during human development

1 1 :
3 6 912 2 4 6 8 10 12 14
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Concentration of serum immunoglobulin
during human development
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Ab generation at the beginning

The fetus appears capable of synthesizing mainly IgM,
which becomes apparent after 6 months of gestation.

Levels of IgM gradually increase to about 10% of the
adult level at the time of birth.

|gG becomes detectable in the fetus at about the second
month of gestation, but it is IgG of maternal origin.

At the time of birth, the concentration of IgG slightly
exceeds the maternal concentration of IgG. Thus the
fetus Is provided with maternally synthesized IgG
antibodies.

Nursing helps maintain levels of certain maternal
antibodies and provides maternal derived IgA.



Response to Polysaccharide Ag

« Children younger than 2 years of age (just opposite to the age >60) have a
general inability to produce adequate levels of antibody in response to
Injection of bacterial capsular polysaccharides such as those of Haemophilus
Influenzae type b, various serogroups of Neisseria meningitidis, and
Streptococcus pneumoniae serotypes.

* It has been suggested that this inability arises because infants do not respond
to T-independent antigens, despite their early (in utero) capacity to generate
IgM.

« Chemical linkage of polysaccharide to T-dependent antigens (e.g., diphtheria
toxoid) or to the N. meningitidis outer membrane protein has improved the
Immunogenicity so that children younger than 2 years of age respond to
polysaccharides.

« An effective conjugate vaccine is already available against H. influenzae,
which has virtually eliminated this infection in vaccinated children.
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Antitoxin units/ml serum

10

Serum concentration of human and equine
1gG antitoxin

Equine antitoxin IgG
_~"in humans

Human antitoxin IgG
- in humans

| : _.L___—————r—l'_‘-

10 20 30 40
Time (days)
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The fate of human and equine IgG
following administration into humans

~_—Dilution

Days

Human IgG
Catabolism Eguine IgG ——
i P Immune elimination
B - Ag—-Ab complexes
| |
0 7 14 21
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