Non-specific defenses
Nonspecific and specific host
defenses pseA [ -

i Epithelium

Basement

Prevent approach
and deny access
to pathogens

membrane
it
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macrophage Neutrophil macrophage Eosinophil

COMPLEMENT e
SYSTEM i 9 Aty Lysed
Attacks and breaks down defee = W4, — .u: pathogen
«cell walls, attracts phago: ¢t " kN
cytes, stimulates inflam- | Complement
mation

. Blood flow increased
. Phagocytes activated

INFLAMMATORY . Capillary permeability increased
RESPONSE . Choting Tenttion waila off region
Fsisg‘i:?ggl temperature. incriased
Other resistance factors Species, Racial, Individual Resistance
« Physical and emotional stress  Physiological and anatomical characteristics
* Age  Genetic or racia factors
» Genera health and state of nutrition * Individual susceptibility to disease
» Socioeconomic conditions
 Occupationa hazards
« Personal hygiene
Physical Barriers Skin and mucous membranes
* Skin * Mechanical barrier
* mucous membranes » Low moisture

e Chemical secretions Low pH (3-5pH)
Hairsin the nose Inhibitory secretions
Ciliaon the trachea * Secretion of mucus
» Coughing and sneezing
Urine flow

Normal flora




Normal flora

« Prevent colonization of pathogens.
— Out compete for nutrients
— Release of toxic substances that inhibit pathogens

« Stimulate the production of cross-reactive
antibodies

 Stimulate the development of certain tissues, i.e.
Peyer’'s patches

Chemical barriers

« Lysozyme is an enzyme that breaks down
peptidoglycan

« Sebum is an oily secretion from the sebaceous
glands of the skin

» Gastric juice contains hydrochloric acid

« Lactoferrin is protein found in body secretions
that bindsiron

 Peroxidase enzymesin salivaand milk

L ] = dheulry.

Human Skin (1)

Human Skin (2)

Lysozyme is excreted in tears and most body fluids

Lacrimal gland

Lacrimal puncta

acrimal canals

Lacrimal sac

Nasolacrimal
duct

Interior meatus




Trachea

Hyoid —‘\;_‘/’
\ 13
Larynx - * g/

Trachea

77

L
1

Primary bronchi

Lung tissue — ! 3

Bronchi

Primary bronchus

Cartilage ring

Secondary bronchus ‘i

Smaller intrapulmonary
bronchi

Visceral pleura

Respirato
eplthellur?ly

Smooth muscle

Bronchiole

Lobule ?

Distance of ureters prevents infection

Renal vein

Renal artery
i Adrenal gland

Outline of last rib

Right kidney
Ureter

Inferior vena cava

Urinary bladder
Urethra

Female are more prone to UTI

Ovarian follicle
Ovary

Uterine tube

Urinary bladde

Pubis

Urethra

x Bartholi
Labia minora Zlane:l "

Labia majora

Male urethrais20 cmvs 5 cm

Bladder

™ 4 Ureter
v
Vas deferens - 7 Seminal
J vesicle

Glans penis’

Cedllular defenses
« |ntroduction

—Blood
* 60% plasma
« 40% cells (RBC, platelets, WBC or leucocytes)

Cells (Red

blood cell,

platelets, &

leukocytes)
40%

|__Plasma
60%




Cellular elements of the © .« < 5
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= Plasma cells
Macrophage ~ *

Dendritic cells
Mononuclear phagocytes

T
White blood cells
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[TABLE 15.1 Human Leukocytes

- -

Cell Type (% of Blood Morphology Location in body Functions
Leukocytes)

Granulocytes o

£

Neutrophis (polymorphonucear ] Account for most of the circulating  Phagocytize and digest
neutrophis or PMNs,often p-- 2 granules in cyoplasm; leukocytes; few in tissues except  enguifed materials
called polys; 55%-65%6) eboid during inf d

reserve locations

Eosinophil (206-49%) Large eosinophilic granules;  Few in tssues except in certain ~ Paricpate in inflammatory
nonsegmented or bilobed types of inflammation and reaction and immunity to some
nucus 1g E-mediated alrges parasies

Basophils (0%-1%), Lobed nucleus; large Basophils in circulation; mast Release histamine and other

mastclls basophilc granules cllspresen n most tsues inflammation-causing chemicals

from the ranues

Mononudear phagocytes

Monages (39-89%), Singe nudeus; abundant Macrophages presnt  all ssues  Phagocylze and digest engulfed

‘macrophages, cytoplasm and in lining of vessels; monocytes  materials; can participate in

dencetc clls less-matur cialating foms  Kiling foreign cel thatare

engulfed; ly vital rle n
development of specicimmunity

Lymphocytes _

Several types (25%-35%) a Single nudleus; little In lymphoid tissues (such as Partcpate in specific

N\ oytoplasm before Iymph nodes, spleen, thymus immunologial responses

s,
diffeentiation ‘appendix, tonsils); also in circulation

Granulocytes

* Neutrophils
— Polymorphonuclear leucocytes (PMNS).
— Phagocytic cells
— Can leave blood and enter tissues.
e Eosinophils
— Weakly phagocytic, can leave blood
— Associated with allergies - release histamine
* Basophils
— Release heparin, serotonin, histamine.
— Become mast cells and associated with allergies
— Not phagocytic.

Agranulocytes

* Monocytes
— Monocytes become macrophages when induced by
lymphokines and are phagocytic
— Macrophages are big eaters
— May wonder or may residein atissue
» Lymphocytes
— Lymphocytes have role in specific immunity.
* NK cells- extracelular killing

Macrophagesin their tissues

P eilc i dair=d Names of fixed macrophages in
various tissues

Name of macrophage Tissue

Alveolar macrophage (dust cell) Lung

Histiocyte Connective tissue
Kupffer cell Liver

Microglial cell Neural tissue
Osteoclast Bone

Sinusoidal lining cell Spleen

Mononuclear =T171F
phagocyte system or e _ﬁrl_"_ e
the reticuloendodelial 5 W i
system - =

i |




Normal and activated macrophage

Copyright ® The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

(a)

Phagosome/phagolysosome

Nucleus

Cytoplasmic
membrane
of phagocyte

Phagosome
membrane

Phagocytized
bacteria

Natural killer cells

* NK cellsarelarge lymphocytes that kill virus-
infected cells or tumor cells.

« NK cellshind to target cells and release
proteases and phospholipases.

« Maturation of NK céllsis stimulated by
interferon.

* Mainroleissurveillance.
 Not phagocytic.

e P B e L . I TR S A B

Action of Natural Killer Cell on

Target Cell ;... eall

Lymphatic system drains tissues

Actsas afiltering
system for microbes

Many cellular
defenses are located
in the lymphatic
system

g Atterent
- lymphatic
i

Medullary
sinus

\
Germinal centers
of lymphatic
i nodules

=, Lymph node
artery and vein




Inflammation
A vascular and cellular response to presence of
invading microorganisms or inanimate irritants.

» Symptomsinclude redness, swelling and pain
and increased temperature.

» Symptoms are due to vasodilation.

Process of inflammation
* Initiation
* Tissue response
— Histamines, TNFa, bradykinin, prostaglandins
released.
— Vasodilation occurs
 Leucocyte response.

— Vasodilation allows movement of phagocytes
(diapedesis).

iyl B W Sl D, ia: Prmiieiynierd b ey e el

Inflammatory Response

Repair and regeneration

- Cut allows bacteria to get beneath surface of skin.

N

. Damaged cells release histamine and bradykinin.

@

. Capillaries dilate, bringing more blood to the
tissue. Skin becomes reddened and warmer.

IS

- Capillaries become more permeable, allowing
fluids to accumulate and cause swelling.

5. Blood clotting occures, and a scab forms.

o

. Bacteria multiply in cut.

~

. Phagocytes enter tissue by moving through the
walls of blood vessels (diapedesis).

. Phagocytic cells are attracted to bacteria and
tissue debris (chemotaxis) and engulf them.

@

. Larger blood vessels dilate, further increasin
blood supply to tissue and adding to heat an,
redness.

=)

. As dead cells and debris are removed, epithelial cells
proliferate and begin to grow under the scab.

- Scar tissue (connective tissue) replaces cells
that cannot replace themselves.

Inflammation

 pusformation
» Dead phagocytes, damaged cells, dead organisms
« Streptococcus pyrogenes produces leukocidins that kill
phagocytes
— Abscesses - hollowed out due to tissue damage
* Boils
* Pimples

Inflammation

o Harmful effects
* Meninges
* Airways
» Walling off
— Chronic inflammation
* Granuloma




Fever

« Normal body temperature is 98.6°F (37° C)
—100.5°F (37.8°C) oraly
—101.5°F (38.4°C) rectally

¢ Fever isasystemic response to chemicals

« Endotoxins (pyrogens) & IL-1 cause fever
because they affect the hypothalamus

 Other substances raise the metabolic activity of
the body

Benefits of fevers

 Body temp. is higher than optimum for
pathogens

Microbia enzymes and toxins are inactivated
* Increase immune response

Patient feelsill and rests

Complement

A group of ~20 proteinsthat act in acascadein
response to an antibody-antigen interaction.
— opsonization
« Enhance phagocytosis by phagocytes
— membrane attack
« Lyseinvading bacterial cells and some viruses
— Stimulates inflammatory response
« Releasing of histamines and other substances by basophils

Complement system

e Classical pathway

— Antibody-antigen stimulation
e Alternative pathway

— Pathogen surface stimulation

and mast cells
[ T —————
1) Classical Pathway @ Alternative Pathway
(specific) (nonspecific)
A ’
o i Activating substance
Antigen (such as endotoxin or other
microbial cell wall material)
Antibody +
Complement % mEm
o
Active enzyme that Factors B and D and properdin
cleaves C4 and C2
Complement
system C3 convertase enzyme C3 convertase enzyme
Cleaves Cleaves
@) lea’]

osa Gabl
— /- |opsshiziicn

C3a and C5a trigger release &4 -
of mast cell mediators, resulting + N\
in increased permexability of blood e Vo

vessels; phagacytes enter tissues.

) —
D [2.
@ (0
F Membrane attack complexes make
1 thousands of openings in the cell
membrane, leading to cell lysis.

cs
Ca

Complement forms pores in the pathogen

Complement
lesion

Plasma
membrane




Membrane Attack Complex

Copyright © The McGrawHill Companies, Inc. Permission required for reproduction or display.

Lymphokines

 Soluble proteins secreted by activated T
lymphocytes.
— Inhibit macrophage migration.
— Activate macrophages.
— Poison foreign cells or virus-infected cells.
— Can damage tissue in inflammation.

Interferons

Properties of type I and type I human interferons

Stimulated
Class Cell source Subtypes by Effects
Type I
Alpha-interferon Leukocytes 20 Viruses Production of
(INF-a) antiviral proteins
in neighboring
cells
Beta-interferon Fibroblasts 1 Viruses Same as INF-a
(INF-8)
Type I
Gamma-interferon T lymphocytes 1 Viruses and Activates tumor
(INF-y) and NK cells other destruction and
antigens killing of infected

cells

Deficienciesin complement lead to disease
susceptibilities

COMPLEMENT
DISEASE STATE DEFICIENCIES
Severe recurrent infections Cc3
Recurrent infections of lesser severity C3,C2,Ch

Systemic lupus erythemotosus

C1,C2,C4,C5,C8
(a bodywide immunologic disease)

Glomerulonephritis C1,C8
(an immunologic disease of the kidneys)
Gonococcal infections C86, C8
Meningococcal infections Cé

Interferon

Inhibitsintracellular viral replication.
* Protein in nature.

Secreted by infected cells and alerts other
uninfected cells.

* Arenot virus-specific.
* Are species specific.

Antiviral effect of interferon

cell '“, Signal to host
¥ i cell nucleus

L g e

Viral replication
activates host cell —

| Interferon
gene

i 3 Cellis
3 stimulated
il to produce
C IRRAT AR antiviral
{Q'fj"ﬁ protein (AVP)

K I AVP gene

Interferon binds
to surface of
neighboring cell




Antigens
« Foreign matter that triggers the immune

response.
« Epitopes are small portions of an antigen that
are recognized by antibody.

Antibodies bind to epitopes

Epitopes
(antigenic
determinant

\/Ssnes)

Antibodies

Flagella, pili, & cell walls may have several antigens

Atschment_
ey

Antibodies and receptors

Immunoglobulin

Antigen ‘ﬁ

Class IMHC  Gics IMHG T cell receptor

Acquired Specific Immunity

« Activeimmunity
— Produced by the host
— Natural--exposure to infection or free antigens.
— Artificial--vaccination or transfusion.
¢ Passive immunity
— Produced by a donor.
— Natural--transplacental or in breast milk
— Artificial--from serum or specific lymphocyte products.

lmmunity

SPECIFIC
IMMUNITY

INNATE
(inborn ACQUIRED
Genetic factors|

PASSIVE

ACTIVE
Own antibodies Ready-made
antibodies
NATURAL NATURAL ARTIFICIAL
| Exposure to (}f;';'mg,’:h Maternal Antibodies from)
infectious agent| antibodies other hosts
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Active Immunity

This inberval
may ba yous.

y

)
I'.

Exposure  Exposure
b0 cowpox _I_‘Iu smallpox

Bmsaurd af antibody —

Active immunization

» Toxoid
— May require a booster

* Killed pathogen

* Live but attenuated pathogens
— Usudlly life long immunity

» Vaccinations
— DPT, poliomyelitis, MMR, Hib

T —=
Priifiary Baceaelary
[T FErSnliad
Immunizations
DISEASE VACCINE DOSAGE SCHEDULE
Diphtheria Toxoid 2, 4, and 6 months,

1 1/2 and 4 to 6 years

Tetanus Toxoid Same as diphtheria, admin-
istered in DPT vaccine
Pertussis Killed bacteria Same as diphtheris, admin-
istered in DPT vaccine
Poliomyelitis Live viruses 2, 4, and 6 months,
Types L, II, and [l 1 1/2 and 4 to 6 years
ilus (HIB) 2, 4,6, and 15 months

I ide-
infection protein conjugate

Passive immunization

 Immune serum globulin

— Gammaglobulin
« Portion of the serum containing antibodies

 Hyperimmune serum

— Gamma globulin from a person recovering from an
illness

 Antitoxin
— Antibodies against specific toxins

Measles Live virus 15 months, booster at
school age, 11-12 years

Mumps Live virus 15 months, 11-12 years

Rubella Live virus 15 months, 11-12 years

e Humoral Immunity
— Found in blood serum and lymphoid organs

— pathogens outside of cells, bacteria, bacterial toxins,
virusesin body fluids

— Antibodies in serum comprise “humoral” component
 Cellular Immunity
— White blood cells in blood and lymphoid tissue

— Defends host from bacteria, viruses within cells,
fungi, protists, other parasites
— Immune surveillance

Properties of the immune response

o “salf” verses“non-self”
—“self” isnormal host tissue
» Mgjor Histocompatibility (MHC) proteins.
— “non-self” isforeign substances
« Specific antigen-antibody response.
» Heterogeneity
— many different kinds of antibodies
 immunologic memory
— anamestic response (secondary or recall)
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Embryonic stem cells reside in bone marrow

Undifferentiated stem cell
originates in yolk sac
(outside of embryo)

Enters abdomen
of embryo via
umbilical cord

Early development of stem % c

cellin prlmmve tissue

Late development of
stem cell in liver "

A

Final development of M)
stem cell in bone marrow o

Stem cell can become T or B cells

Gut-assocualed lymphoid Slem cell
tissue, such

as liver ’
- Jgﬁ) \,4.

P' Bone

ﬂ A marrow
B cell @

g i
Lymph node

The bursa of Fabricius

Thymus

4

g e
~~Spleen
Liver—""1_ N 3
¥ 1 "‘_\\- Bursa of
g Fabricius
e \
Bone — i Cloaca

Percent B & T call in tissues

LYMPHOID TISSUE % BCELLS % T CELLS

Peyer's patches
and nodules

in digestive tract 60 25
Spleen 45 45
Lymph nodes 20 70
Blood 25 75
Thymus 1 99

CI Onal del etl On (eliminates lymphocytes that recognize self)

Lymphocytes

Receptors

a @ . ® @& .

Self antigens

Clonal deletion of Iymphacy'tes that have receptors for self

Class| and Il MHC antigens

- My pr—
_— e I
b ¥ P
]
i ——_-'__,"'"h'f"' r
TR = e S
-—----- -H'
gt =3 T
T . s
o BRI R R TR TH M e e e
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MHC class| and class |

Peptide-binding Peptide-binding

Class| ison every cell
except RBC Extracelular
Class |l ison antigen
presenting cells

Cell
membrane

Cytopiasm

MHC I
on macrophage

®

Antibody

 Immunoglobulin (1g)

* Globular glycoprotein comprised of 2 “light”
chainsand 2 “heavy” chains.

e 5kinds: IgM, IgG, IgA, IgD, IgE.
2 antigen-binding sites.

Basic Structure of an Antibody

constant regions constant regions

light chains
N

variable regions variable regions

<«—— carbohydrate

constant regions constant regions

heavy chains

Antibody

NH Amino
Heavy chain Q‘/, ZNH teermr;al
= B2

Light
chain
Variable
rﬁg:‘olr; s' ( Fab fragment
heavy chains o
Carbohydrate t Disulfide bond
Complement [
Constant binding site
regions

of light and | Site of bonding
heavy chains |to macrophages

Ability to cross
placenta

Carboxyl terminal
COOH COOH ends of heavy chains
—_— ]

1gG
e Most common antibody (80% in serum).
« Magjor humoral defense protein.
— Largest during the secondary response
* Fix complement, lyse bacteria, viruses, old cells.
 Transferred across placenta.
* Production follows formation of IgM.

(Copyrght The eGran Hil Companes, Ine. Pemssion roqurod fr ropoductin c dspy.

TABLE 16.1 Characteristics of the Various Classes of Human Immunoglobins

Class and Percent of
Molecular Total Serum
Weight Immunoglobulin
(daltons) Structure (Half-life in serum)  Properties Functions
156 NA 809-85% Specifc atiachment to phagocytes; Agglutinaton; precpitation; opsonization;
146,000 @1 days) complement fixation; ability to aoss  ADCC; complement fixation
placenta

Monomer
IgM 3 5%-10% Complement ixation; major lass Agglutinaton; precpitation; complement
970,000 \ J (10 days) produced first  fixation lead ization and

- - antibody produced during immune inflammation
,(}\ response

Pentamer
IgA 10% Secreted into saliva, milk, mucus, and  Protection of mucous membranes by
monomer N4 6 days) other secretions; ectetory form ressts  preventing attachment of rganisms
160,000; enymatic degradation
secretory
IoA
390,000

Dimer in secretons

) N/ <19% ‘Antigen receptor on B lymphocytes Faciltates development and maturation
184,000 Y (3 day) of the antibody response

Monomer
IgE N\ / <0.01% Ataches to mast cells and basophils;  Involved in many allrgic eactions;
188,000 @dayy) antigen reacts with cell-bound IgE o functions in ADCC; helps to expel

release granule contents parasites
Monomer

12



IgM

* First immunoglobulin to be produced in
response to antigen (primary)

Short life span

* 5 units connected together

 Fix complement, lyse bacteria, viruses, old cells
¢ 5-10% serum

IgA

e Humora immunity in mucous secretions (tears,
sdliva, semen, colostrum)

 Contains secretory piece

« Dimeric

Neutralizes toxins, alergens, bacteria, viruses

10% in serum

IgE
« Allergic antibody
« Attached to surface of mast cells (basophils)

— causes the release of histamines
* 0.005% in serum

IgD
» Function is not well known.
» Associated with unactivated B cells.

* Perhaps acell receptor.
* 0.2%in serum

13



Antibody response: Macrophage
» Macrophage engulf foreign substance and
process antigens.

» Macrophage present antigensto T and B
lymphocytes.

Antibody response: T cells

 Helper T cells produce interleukins.
—they “help” the B cells.

* Suppressor T cells moderate/suppress the
activity of the B cells.

Lymphocytes

* Mediators of both humoral and cellular
immunity.

T cells: thymus-derived.

* B cédls. bone marrow-derived.

Null cells: include natura killer (NK) cellsand
killer (K) cells.

Lymphocytes

CHARACTERISTIC B CELLS TCELLS

Site of production Bursal-equivalent Thymus or under
tissues thymic hormones
Type of immunity Humoral Cell-mediated and
assist humoral
Subpopulations Plasma cells and Cytotoxic, helper,
memory cells suppressor, delayed

hypersensitivity,
and memory cells

Presence of surface antibodies Yes No
Presence of foreign surface antigens  No No
Presence of receptors for antigens Yes Yes
Life span Some long, most short Long and short
Secretory product i Ly
Distribution (% leukocytes)
Peripheral blood 15-30 55-75
Lymph nodes 20 75
Bone marrow 75 10
Thymus 10 75
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with microorganisms.
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Antibody responses
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PRIMARY SECDNDAR‘I
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Memory-cells

IgA, IgM, & 1gG mediated neutralization of toxins

Bacterial toxins Neutralization Ingestion by (@)

SPECIFIC ANTIBODY
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IgM & 1gG formation of immune complexes

Bacteria in plasma

SPECIFIC ANTIBODY

Immune complexes

Antigen
Cell
Antibody

i ———

“Somatic Rearrangement

Ly

Polyclonal antibodies

Protein (Antigen)

Antigenic
determinant _—

Antigenic

! / determinant

Antigenic — 2

determinant

Monoclonal antibody production

) Mouse myeloma cells
\ in tissue culture
Spleen

lymphocytes m Cells are fused to make hydridomas
are removed

from mouse

24y Hybridoma cells are
grown in tissue culture

Individual
hybridoma -
cells are

cloned Desired hybridoma Individual hybridoma
tumor cells are kept 8 cells are cloned
= o " live by culturin
Desired antibodies | '8 Y 9
not found n mD"s
Specimen discarded Z % L

‘y:r‘ Monoclonal anti-
Ay >Y bodies are purified
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T-Celi Survival after Exposure to HIV
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Hypersensitivity
 Extreme sensitivity to foreign antigens.
« Allergic responses.

B LT TR s e L = L

Allergic Reaction

hlrge __ P ool

- b
|l {i . L '_I_.Iﬁ mivhboud b
l"‘-\." ¥ l"‘-\. i " Histwmins and
e . /,:f Memrinwand

B sl : |I-|£ LT
ﬁl'.'g.'l __.-' Crunuig
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Immediate/Anaphylactic Type |

Hay fever and insect stings

When antigen binds to bound IgE, granules are
released

Histamine, heparin, prostaglandins, PAF, ECF-A,
serotonin, hyaluronidase

Acute phase ends within 20 minutes to afew
hours.

Symptoms: reddening and swelling, anaphylaxis
(local or systemic)

Cytolytic Typell

 Stimulates complement-1gG/IgM complex
« Directed against cell antigens

 Causeslysisof red blood cellsif antigen is
boundto rbc's

« Erythroblastosisfetalis, blood transfusion, drug
reactions

¢ Can lead to anaphylaxis when mast cellsare
activated
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Immune-Complex/Arthus Type Il1

 Antibody complexes are formed
* Attracts PMNs that damage tissues

* Arthusreaction (joints), vasulitis,
glomerulonephritis,

Delayed Type IV

 T-cell mediated

* Skin reaction over 24-48 hours: reddening, then
diminishes

» Macrophage flood site, some host cells may be
killed

TB skin test, poison ivy/oak, transplant rejection

T-cdll differentiation

&

4

D8
D4’ T cell

Lf % maﬂ?r’hym us

©:-0
vee?

Cytotoxic T-cell targeting a cell

i ic reticulum

Target cell

Antigen presenting cell (APC)

T, cell

External
foreign
protein  CD4

Phagoly-
sosome

0 Per-
fide

2

0 1i protein

Class Il

Antigen-presenting cell

Summary of humoral immunity

Stem cell in embryo
Bone marrow and/or gut
associated lymphiod tissue
Assortment of B cells that produce specific antibodies
Deletion (during embryonic development)
of B cells that produce antibodies against self
B cells that produce antibodies against
nonself (foreign) antigens
Presentation of
Clonal selection
and stimulation
by T helper cells
Sensitized B cells (responsive to antigen)

antigen by
macrophage

¥
Plasma cells \ Memory
¥ cells
Antibodies
i1

Agglutination Opsonization and
phagocytosis Lysis b
complement Neutralization
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Summary of cell-mediated immunity

Stam calls

|

Lymphacyts

Thymus, or influence of
i hormanas

T cells with meeptors for antigens.

{uvlbs “and proseetation [ Toell

Procuction - pctivation of immature T el

ot marmory sols

73

& 2

2

H

Activation of .

Activation of Cytotoiic Activation of
natural killer T colls helpar T calls

coe o
N/ hS
£
Kiling " B cell siimulsion
atcells & suppression ol
Humoral ety

Summation

Macrophage

CD4

TCR
IL-1 " Tacell IL-1 receptor
Clonal ¥
expansion, ) IL-2 (also stimulates
memory L. other T cells)
* IL-2 recepior

Activated
B cell
Differentiation
Plasma =
& 6 %@

N Antibody
production

O

Taxing the immune system

«Parasite

Antigens produced
by the parasite are P

shed into environment
Free antigens /
block antibodies,
which then cannot

combine with
antigens on parasite

> Antigen or antigen-
antibody complexes

block T cells and

Killer cells (K’

Parasite antigens

Antigen blocks antibody- Activation
forming B cells, or of suppressor mimic other compounds,
overworks the clone of T cells &for e.g., bacterial toxins,
B cells resp for macrophag ivating many B cell
production of specific clones. Death & exhaustion
antibodies against that of many B cells
antigen. Exhausted cells die l

Lack of immune Suppression of Poor capacity for
immune response B cell response

response
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