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Pathogenicity and Virulence

Pathogenicity and virulence are terms
that refer to an organism's ability to
cause disease.

m Pathogenicity is used with respect to
differences between microbial species
whereas

m Virulence denotes differences between
strains of the same species. In practice
they are often used interchangeably.

To cause disease, an organism
must:

1. Maintain a reservoir before and after infection
(humans, animals, environment, etc.),

2. Leave the reservoir and gain access to the new
host.

3. Colonize the body.
4. Harm the body.

Host-Parasite relationship

m Host specific or broad range
- Streptococcus equi, Brachyspira
hyodysenteriae, Pythium insidiosum ,
Yersinia pestis, Coccidioides immitis
- B pilosicoli, Salmonella spp.
m Tissue specific in the same host

- E. coli: commensal in intestine 2> active
pathogen in urinary tract, peritoneal cavity.




How commensal parasite convert into . .

active pathogen? Milder strain of pathogen
m Best pathogen and best for ancestor
m Transfer to new host or tissue m Chronic infection (eg. tuberculosis,

m A change in host resistance syphilis)
m Longer survive in host

Evolution of Pathogenic Concent m Favors a resistant host
Commensalism

Most stable form of parasitic existence Unsatisfied ideal of Koch's OS'I'UIG'I'eS
Parasitism PRyl

Active disease > Active immune > Killing host

Infection is distinguished from
disease, a morbid process that does
not necessarily involve infection




How Bacteria Cause Disease

Stages in Microbial Infection ‘5,1!",,2&$22MSMM$
Attachment to and/or entry

into the body

*Local or general spread in .
The body trauma
*Multiplication

*Evasion of host defenses
*Shedding (exit) from the
body

Damage to the host

mouth

genitourinary
fract

Host Susceptibility

Initial resistance: physiologic and
immunologic condition of the host

Susceptibility:eery young, very old and in
immunosuppressed patients.

Virulence of the bacteria

Pathogenic Mechanisms

m Host Susceptibility and Resistance
m Host-Mediated Pathogenesis
m Bacterial Infectivity
- Genetic and Molecular Basis for Virulence

Host Resistance

Physical and chemical attributes |
- antibacterial factors in secretions
covering mucosal surfaces lysozyme,
lactoferrin, lactoperoxidase, IgA
- rapid rate of replacement of skin
and mucosal epithelial cells

- "nonspecific" mechanisms of host
resistance

- effective specific immunity

Salmonella

Defensin —

Intestinal
— crypts




Ability of the organism to cause disease Host-Mediated Pathogenesis
despite host resistance mechanisms

- The number of infecting bacteria

- Route of entry into the body m Tissue damage

- Virulence factors of the bacterium results from the
toxic mediators
released by lymphoid
cells rather than
from bacterial
toxins eg. TB, HP

Bacterial Infectivity

m Bacterial infectivity results from a
P disturbance in the balance between

eomraTene L bacterial virulence and host resistance.

L Y " om

Antigens Leukocytes

b The 'objective” of bacteria is to multiply
' rather than to cause disease; it is in the best
interest of the bacteria not to Kill the host

Somatic Cell Damage

Generalized mechanisms of bacterial pathogenesis: bacteria-induced toxicity
or host-mediated damage.




Intracellular Growth

® Some bacteria can

grow only within
eukaryotic cells,
whereas others (e.g.,
Salmonella species)
invade cells but do not
require them for
growth. Most
pathogenic bacteria
multiply in tissue
fluids and not in host
cells.

TABLE 7-3 Intracellular or Extracellular
Growth Preference Relative to Eukaryotic Cells

Category Bacterial Pathogen

Ohtigate Rickelsiaspp
inlracelular Coneigilfa bumefil
Ciftlampdia spp

Faculiative
Intraceltular
WA e ot
tve Ezcherichia call
B11A SPP
Mycobastanium spp
Listaria monocyingenas
Bordelela parfussis

Fredominantly Miycoplasma spp
extracellular Frerdamanas aeriginoss

Enteroloxigenic Escherchia coll
Vibria ae
Slaphylocotous aursus
SIrepfatoesus pYogenas
Haamogp) inliuenzae
Bacillus anthrachs

Intracellular Growth

Facultative intracellular
bacteria:
Salmonella
Shigeila

-
Versinia \

;

Obligate intracellular
bacteria: - »
Alckeitsia
Chlamydia
Coxiella

N
J

Extracellular bacteria:
Vibrjo cholerae

Pseudomonas @B -
£ coli (€T€E) T e

Examples of pathogenic bacteria, indicating their preferred growth phase within the host.
(ETEC:enterotoxigenic E coli)

Genetic and Molecular Basis for
Virulence

m Bacterial virulence
factors may be encoded —
on chromosomal, e researce gene
plasmid, transposon, or
temperate
bacteriophage DNA;
virulence factor genes
on transposons or
temperate.

Bacteriophage DNA may ] roenes
integrate into the [ e
bacterial chromosome.

Tetracycline-

Origin of transfer




Genetic and Molecular Basis for Virulence

Avirulent E coli

1. Transfer virulence 2.Change to virulence
genes:
Conjugation
Transduction
Transformation

3. Intestinal disease
due to virulence

/ genes:

Adherence
Enterotoxins
Plasmid Invasiveness

Virulent E coli Cytotoxicity

Mechanisms of acquiring bacterial virulence genes.

Virulence factors that promote
bacterial colonization of the host

1. Adhere to host cells and resist

physical removal;
. Invade host cells;
. Contact host cells;
. Resist innate immune defenses such

as phagocytosis and complement;
. Evade adaptive immune defenses;

. Compete for iron and other nutrients.

TABLE 7-2 Genetic Basis for Virulence of Selected Bacterial Pathogens

Gene(s) Encoded on

Bacterial Pathogen

Virulence Factor

Chromesoms

Plasmid

Bacleriophage

Transposens’

Vibrio choleraa
S ez Bpefimiim
& ]
Agcarmionas hydroplils
FPasudomonas agruginosa
Staphylococcus dureus
enfarecoiiticg
g pEeuaeiuberculasis
chia colf
igelia spp
Escharichia coll

Staphplococous aureos
Bacillvs anth

Clostadivar botulingm

Eschanchla colt

Entferotoxin

Enteratomxn, invasion lacters
Enteratos

Erleratexin, asrolysin
Exgtazin A

Entaratoxin B

Irwasion factors

Invasion factors

Exziuliative laxin
Anthea taxin

Diphtheta loxin
Erythragenic toxin
Shiga-like enlerotoxin
Batulinum toxin (C,0)

Enterotoxins(STA and STE],
iron acquisition, hamalysin

* Transpasable genstic slements lncated an plasmids that often insert inta the chromosome

Ability to Contact Host Cells

STRUCTURE

CHEMOTACTIC RESPONSE

outer

axial

membrane filament

5 i

peptidoglycan  cytoplasm

and nucleoid

MOTILITY

INHIBITORY PROTEIN

Enzyme eg. streptokinase,

DNase




Helicobacter pylori-Induced Ulceration of
the Stomach

H+
lumen of
stomach

Copyright © Gary E. Kaiser

= Not considered part of the
plasma membrane.

m Protrude through the cell wa
outside of the cell.

m Enable some organisms to adhere to
receptors on target host cells

m Termed adhesins because their major
function is adhesion to other cells, both
bacterial and animals.

Ability to adhere to host cells
and resist physical removal

m Bacteria may resist this
physical removal producing pili,
cell wall adhesin proteins,
and/or biofilm-producing
capsules.

m A signal for the activation of
genes involved in bacterial
virulence called signal
transduction.

A.
J:ilisFihriu-.a\\‘A

Host glycolipidl
Major subunit  Tip adhesin glycoprotein
(pili) (pili)
Host sall surface
proteini carbohydrate

A shows pili or fibrillae protruding from the bacterial surface. B afimbrial
adhesin proteins. C intimin proteins, resulting in cytoskeletal
rearrangements. D bacteria secrete their own receptor protein.




lumen of
the urethra

m Bacteria such as Neisseria gonorrhoeae use pili to e e ;
adhere to the mucous membgmnes of the urethra and m Transmission electron microscopy reveals adherence of bacteria to
the apical surface of the T84 cells without internalization. The apical

thus resist the flushing action of the urine. brush border is effaced; cells are ballooning and will eventually be
extruded from the monolayer.

Function of Fimbria

m F-pili are produced by male bacteria and allow
them to bind to female bacteria to promote
sexual conjugation.

= Pili promote adhesion to host cells
a. Binding of platelets and fibrin around the
bacterial cell to evade phagocytosis, promote
fibrin deposition on heart valves and promote blood
clots.
b. Binding of bacterial cells to epithelial
N adhesion receptors which results in interactions
m The types of pili varies both among and between which may kill the host cell.

species. Pili are hair-like projections of the cell. Some

are involved in sexual conjugation and others allow

adhesion to host epithelial surfaces in infection.
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m Adhesive tip structure having a shape
corresponding to that of specific
glycoprotein or glycolipid receptors on a
host cell

Pathogenicity islands
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m By genetically altering the adhesive tips of their pili,
certain bacteria are able to:

1) adhere to and colonize different cell types with
different receptors, and

2) evade antibodies made against the previous pili

adhesins in the
bacterial cell wall

host cell membrane

m Surface proteins called adhesins in the bacterial cell
wall bind to receptor molecules on the surface of a
susceptible host cell enabling the bacterium to make
intamate contact with the host cell, adhere, colonize,
and resist flushing.




Ability to invade host cells

pertussis
toxin

filamentous P
hemagglutinin pertactin .
m To penetrate into

nonphagocytic host cells.
This ability may enable
these microorganisms to
reach deeper tissue or
cross the blood brain
ciliated epithelial cell barrier.

To protect against the
host's immune system and
many antibiotics.

glycolipid glycolipid

bacterium

host cell m The M cell passes the Shige/laon to a macrophage.

. ; X m By its invasin, Shige//aenter the mucosal epithelial
m Invasins activates the host cell’s cytoskeletal cells and cause actin polymer rearrangements in the

machinery enabling bacterial entry into the cell cell's cytoskeleton resulting in the bacterium being
by phagocytosis called type IIT secretion engulfed and placed in an endocytic vesicle.

systems. m The Shigella are able to move through the host cell
and spread to adiacent host cells.




Glycocalyx

S. enterica
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m Invasins of Sal/monella and Yersinia enterocolitica
allow these bacteria to invade intestinal epithelial
cells by stimulating actin rearrangement.

Siderophores

m Siderophores are low molecular weight
iron-chelating compound

m Corresponding membrane receptor
protein

m Mechanisms of "withholding" iron from
tissue fluids in an attempt to limit the
growth of invading bacteria.

m Hemin, transferrin, hemoglobin,
lactoferrin

Abilty to compete for iron and

other nutrients

m The ability to be pathogenic is directly

related to the bacterium's ability to

compete successfully with host tissue and

normal flora for limited nutrients.
Bacteria compete for nutrients by

synthesizing specific transport systems or

cell wall components capable of bindin

limiting substrates and transporting them

into the cell.

Iron is essential for both bacterial growth

and human cell growth.

Siderophores

Neisseria gonorrhoeae are able to use
iron bound to human transferrin and
lactoferrin for their iron needs.

Pathogenic Yersinia species are able to
use transferrin and hemin as iron
sources.

Borrelia burgdorferi doesn't even use
iron as a cofactor, but instead uses
manganese. Furthermore, a number of
bacteria are able to produce exotoxins
that kill host cells only when iron
concentrations are low.
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Receplor Binding of
Sideraphara-Fa®*

Competition between host cells and bacterial pathogens for iron,
illustrating the importance of siderophores. Since free iron is
scarce in tissue fluids and blood, bacterial siderophores compete
effectively for Fe3+ bound to lactoferrin and transferrin.

Capsules (K-antigen)

m polysaccharide capsules: repeating
oligosaccharide units of two to four
monosaccharides

m protein capsules: Bacillus anthracis (pure D-
glutamic acid) and Yersinia pestis (mixed
amino acids).

m Haemophilus influenzae, Neisseria
meningitidis, Escherichia coli, Streptococcus
pneumoniae, Klebsiella pneumoniae and group B
streptococci

® Nonencapsulated mutants of these organisms
are avirulent.

m it may serve a diversity of functions

Ability to resist innate immune
defenses such as phagocytosis
and complement.

m Ability to resist phagocytic engulfment
(attachment and ingestion)

m Ability fo resist phagocytic destruction
and serum lysis

Diversity of functions of K-antigen

1. Antiphagocytosis - the smooth nature of the
capsule, opsonins.

2. Prevention of neutrophil killing of engulfed
bacteria

3. Prevention of complement-mediated bacterial
cell lysis.

4. Prevention of PMN migration - Bacteroides
fragilis, Succinic acid is released from the
capsule and paralyzes the PMN

5. Toxicity to the host cell- the capsule of 8.
fragilis induces abscess formation.

12



Diversity of functions of K-antigen

Adhesion to the host cell.

Protection of anaerobes from oxygen toxicity.

Determination of colonial type (S-R variation)
capsules + form smooth (S) colonies
capsules - form rough (R) colonies.

9. Enhancement of the pathogenicity of other
species in a mixed infection.

10. Receptors for bacteriophage.

11. Induction of antibody synthesis - this is the
basis for:

a. Serological diagnosis.
b. Vaccine production.

Brucella

Copyright-John J. Cardamone Jr.
capsule

Capsule

Capsule-producing bacillus-shaped bacteria. The capsule is composed of
polysaccharides and polyproteins. Capsules have a role in adherence,
virulence, protection, securing nutrients, and cell-to-cell recognition.

cells isolated

Heat-Kil lad
. G —

cells

Non-encapsulated

What does this tell us about the virulence factor added by the
capsule?
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Phagocytosis and bacterial
pathogen

capsule

receptor
for C3b

phagocytic
white blood cell

m Bacterial Capsule Preventing C3b Receptors
on Phagocytes from Binding to C3b Attached
to a Bacterial Cell Wall

m Glycoprotein molecules; endocytic pattern-recognition receptors

are found on the surface of phagocytes. These include bacterial
molecules such as peptidoglycan, lipoteichoic acids, and
lipopolysaccharide ?LPS?. hese receptors enable the phagocyte
to attach to the cell wall of the microorganism so it can be
engulfed and destroyed by lysosomes.

(=)

encapsulated
bacterium

phagocytic
white blood cell

The Fab portion of Ig6 binds to epitopes of a capsule. The Fc
portion can now attach the capsule to Fc receptors on
phagocytes for enhanced attachment. Once aftached to the
phagocyte by way of IgG, the encapsulated bacterium can be
engulfed more efficiently and placed in a phagosome.

14



bacterium

Molecules of some bacteria, through a type IIT
secretion system, deliver proteins that
depolymerize the phagocyte's actin
microfilaments used for phagocytic
engulfment.

Ability to resist innate immune
defenses such as phagocytosis
and complement.

m Ability to resist phagocytic engulfment
(attachment and ingestion)

m Ability fo resist phagocytic destruction
and serum lysis

cytoplasm of the bacterium []
® ® [ ] type |1l secretion system

¢ ). (97
ﬁ & & ﬁ icytcplasmic
membrane of
? Fthe bacterium

i I outer
membrane of

the bacterium
| eytoplasmic

membrane of
the host cell

: ()]
cytoplasm of the host cell

m A type III secretion system is one in which the bacterium
produces pore-forming proteins that create a pore spanning not
only the bacterium's cytoplasmic membrane and outer
membrane, but also the plasma membrane of the host cell. This

allows the bacterium fo deliver proteins directly from its
cytoplasm into the cytoplasm of the host cell.)

m Some bacteria resist phagocytosis by
escaping from the phagosome prior to
its fusing with a IYSOSOH’\C. Shigella flexneri
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m Some bacteria alter the phagocyte's vesicular
transport machinery and block the fusion of

the lysosomes with the phagosome. saimonelsa,
Mycobacterium, Legionella, and Chlamydia.

Preventing of serum lysis

m Membrane Attack Complex or MAC.

m The LPS of the cell wall is the principle target for
complement in gram-negative bacteria by activating
the alternative complement pathway and serving as a
binding site for C3b as well as the site for formation
of MAC.

Some gram-negative bacteria attach sialic acid to

the LPS O antigen and this prevents the formation

of the complement enzyme C3 convertase that is
needed for the eventual formation of all the
beneficial complement proteins such as C3b, C5a, nd
MAC.

Bordeftella pertussis and Haemophilus influenzae.

Clasgical Pathway
complexes, A,
or phosphorylated tau
Alternative Pathway .
Cab ClaCircls

+
Factor B

Properdin (P) }
l Claciets

o4
"> Gda, Gdb—* Cdc, Gad
C3bBbP +C2
+ polysaccharides, T cop
+GC3 microbial cells, or A +C3
- T
Cab2a3b

c3a
C3a

C3b + C5
G3bBbP

(CabBEP
C5b678(9), (‘membrane attack complex”)

Schematic diagram of classical, alternative, and lectin complement activation

pathways. There is evidence for activation of the classical and alternative pathways

Virulence Factors that Damage
the Host

1. The ability to produce cell wall components
that bind to host cells causing them to
synthesize and secrete inflammatory
cytokines and chemokines;

2. The ability to produce harmful exotoxins.

3. The ability to induce autoimmune responses.
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Ability to produce cell wall
components that bind to host cells

m Peptidoglycan monomers, teichoic acids, LPS,
mycolic acid, and mannose bind to pattern-
recognition receptors on a variety of defense
cells causing synthesize and secrete a
variety of proteins called cytokines.

Bacterial antigenicities

agella
(H antigen)

Capsule

(K antigen

Cell wall
(O antigen)

)

Cress-Secilen ef a Basterium Call

Ribosomes
Pili
/ Cytoplasm
DNA !
S o°9¥ oo o Basal Body
o o
S e 8T 8% YO
cc % 3%& 33'5& oo
o £X ﬂ
°e ST g *3, 0 9
[} ﬂc o @
0 o o o o %o
o g o©
T
Capsule
Cell Wall
Flagellum
Plasma Membrane ©EnchantedLearning.com

Structure of Bacterial cell wall

CELL WALL SPECIFIC
- ) POLYSACCHARIDE —4
Gram negalive Bacleria Endotoxin
(Pseudomonas aeruginesa) CELL WALL
TEICHOIC ACID—
E%WNE
Stcsn ol eatvai AFOTHIEHICACD—

[C)T:En;ru Cell Interior } j
brane | % |
£ PEPTIDO-
Infzrvening 4 %t\ i GLYCAN \‘
. 7 b Loy
: t'

Compartment { 3 g
trerpssm) | RS gg
(d

1
\
e [
e el {1

Endplgrn
(Lipapatysaccharide)
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Endotoxin

m Endotoxin is released by Gram-negative
bacteria, such as Pseudomonas.

m Shed by the bacterial cell during normal cell
?rowfh and division, and large amounts of it are
iberated when the cell dies and undergoes lysis
(bursts).

m Cell lysis can be rapidly induced by exposing the
bacteria to some types of antibiotic or
disinfectant such as sodium hypochlorite
(bleach).

Polysaccharide
(O antigen)

Disaccharide
polymer Lipid
Fatty acids

Phosphate

Disaccharide

Lipopolysaccharide
endotoxin

Phospholipid

Peplidoglycan {

m LPS is an amphiphile composed of three regions:
O-polysaccharide (the O- or somatic-antigen),
the core polysaccharide and lipid A. Lipid A is
anchored in the outer membrane. LPS is also
known as endotoxin.

“O" Side chains Core i A
(oligosaccharides) polysaccharide _ gl

(Species or (Genus-specific (Toxic
serolype antigens) antigens) moiety)

Systemic Inflammatory Response
Syndrome (SIRS): The Shock Cascade

m Excessive inflammatory response
triggered by overproduction of
cytokines such as TNF-alpha,

IL-1, IL-6, IL-8, and PAF
often occurs. This leads to the
following sequence of cytokine;—
induced events: '

18



m Neutrophils adhere to capillary walls in massive
amounts. Chemokines such as IL-8 activate
neutrophils causing release proteases and toxic
oxYlgen radicals results in damage to the capillary
walls and leakage of blood.

m The increased capillary permeability and injury to
capillaries in the alveoli of the lungs results in
acute inflammation, pulmonary edema, and loss of
gas exchange.

Acute Respiratory Distress Syndrome (ARrDs).

m Reduced perfusion and capillary damage in the liver
results in impaired liver function and a failure to
maintain normal blood glucose levels. Reduced
perfusion also leads to kidney and bowel injury.

m All evidences leads to acidosis and decreased cardiac
output. Cytokine-induced overproduction of nitric
oxide (Ng) by cardiac muscle cells leads to heart
failure. Collectively, this cascade of events results in
irreversible septic shock, multiple system
organ failure (MSOF), and death.

m Hypotension: Prolonged vasodilation and
increased capillary permeability causes plasma
to leave the bloodstream and enter the
tissue.

= Hypovolemia : Damage to the capillaries and
prolonged vasodilation result in blood and
plasma leaving the bloodstream and entering
the tissue. This can lead to a decreased
volume of circulating blood.

m Activation of the blood coa%ulaﬂon pathway
and concurrent down-regulation of

anticoagulation mechanisms cause clots to
form within the blood vessels throughout the
body. This is called disseminated
intravascular coagulation (DIC). This further
limits the perfusion of blood and oxygen
through tissues and organs

19



Role of TNF in endotoxic
shock. LPS activation of primed

macrophages causes the release of
pragocyies

macioptages’ TNF which generales a cascade of
potymorp™

reactions including endothelial cell,
&
gt

enchollwlial slatole! chemotaxis, endothelium causing leucocyle

2 aYreyalon, SHeunge ibrin depos ion,
adhesiui. vm«mm\ production. adhesion andfivi L

oequnulalion

[©)

—_—
smooth muscle
contraction

m The binding of LPS fo the LPS receptors and IL-8 to IL-8

receptors on the surface of neutrophils stimulates them to
release proteases and toxic oxygen radicals for extracellular
killing. These toxic agents not only kill bacteria in the vicinity
but also kill surrounding host cells and tissues.

macrophage and neutrophil activation.

S
;\ Thesc reactions lead to diffuse
o intravascular coagulation and tissue
e damage mediated by platcletactivating
I factor (PAF), smooth muscle
contraction, and alterations in the
zel

lumen of capillary

leukocytes . '
@

endothelial cell
o = o =)
receptor for TNF
and interleukin 1
(cytokines)
lumen of capillary
seloctin di:llld' I cell
en ial c
g& *ﬁ{i}‘@%{’i
T
lece{:tor for TNF
and interleukin 1
(cytokines) A
TNF ﬁ

Harmful Effects of Lipopolysaccharide (LPS; Endotoxin)

Released from the Gram-Negative Cell Wall

-

Iysis of LPS LPS-binding
gram-negative protein

= i
) induction of
transcription |
-

€ | . €& ¢

TLR-4 ki
ma_crophaga

activation of
coagulation
pathway

- cytokines
prostaglandins P e L

~ leukotreins TMF- e, PAF)
endothelium
l \ activation of

complement
pathways
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Virulence Factors that Damage
the Host

1. The ability to produce cell wall components
that bind to host cells causing them to
synthesize and secrete inflammatory
cytokines and chemokines;

2. The ability to produce harmful exotoxins.

3. The ability to induce autoimmune responses.

Superantigens

fﬂ/lmfrl[' '

5\ @ %7z
'\ | \ Z{ f
ANTAS,

= An UGSy 7Fbac*fer'ual Toxms ThaT Interact
with exceedingly large numbers of T4-
lymphocytes.

protein toxins usually secreted
from a living bacterium but also released upon
bacterial lysis and sometimes injected directly
into host cells by bacteria.

m Superantigens (Type I toxins),

m A-B toxins and other toxin that
interfere with host cell function (Type
IIT toxins), and

m Exotoxins that damage host cell
membranes (Type II toxins).

Antigen-Presenting Cell

The microbes are engulfed and placed in a phagosome.
After lysosomes fuse with the phagosome, protein
antigens are degraded by proteases into a series of
peptides. These peptides eventually bind to grooves in
MHC-IT milecules and are transported to the surface
of the APC.
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superantigen

MHC-II with MHC-I with
bound peptide TCR bound peptide non-matching
CcD4 TCR

naive o naive

antigen-presenting T4-tymphocyte antigen-presenting Ta-lymphocyte
cell cell

Superantigens, on the other hand, bind directly to the
outside of MHC-II molecules and the TCRs and
activate many T4-lymphocytes. A specific TCR is not
required for activation.

The following are examples of superantigens.

m Toxic shock syndrome toxin-1 (TSST-1),
Staphylococcus aureus.
m Streptococcal pyrogenic exotoxin (Spe),

Streptococcus pyogenes (group A beta
streptococci).

m Staphylococcal enterotoxins (SE),
Staphylococcus aureus.

MHC Antigen-
class  presenting
11 cell

Endothelial damage, acute
respiratory distress
syndrome, disseminated
intravascular coagulation,
shock, and multiple organ
system failure seen above

| with LPS and other bacterial

TNF-B, TNF-o.

Capillary IeakMOthel‘ SAg

effects

A-B toxins and other
toxins that interfere
with host cell function

(Type III toxins)

cell wall factors. Activation

s of self-reactive T-

lymphocytes can also lead to

autoimmune attack.




A-B toxins consist of two parts, an A (active)
component and a B (binding) component.

Cholera exotoxin (choleragen)

- This exotoxin turns the synthesis of a
metabolic regulator molecule called cyclic
AMP (cAMP) on. High levels of cAMP block
intestinal epithelial cells from taking in
sodium from the lumen of the intestines
and stimulates them to secrete large
quantities of chloride. Water and other
electrolytes osmotically follow.

- This causes loss of fluids, diarrhea, and
severe dehydration.

target protein

Ribose

I_
| CONH,
+ target protein——» P 4 I
(active) ' y

|
P Rihose

@ «ﬂ:ﬁ

ADP- ﬂhosyl-protein
{inactive)

After binding to the host cell receptor, the A
component of this A-B toxin enters the host cell by
directly passing through the host cell's membrane.
It subsequently causes harm by the ADP-ribosylatior
of a target host cell protein.

Enterotoxins

m Bind to the cells of the small intestines.

® Turn the synthesis of the metabolic
regulator molecules cyclic AMP (cAMP)
or cyclic GMP on in intestinal mucosal
cells.

m High levels of cAMP and cGMP cause
loss of electrolytes and water that
results in diarrhea.

m Clostridium perfringens and Bacillus cereus
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Shiga toxin

m Produced by SKecies of Shigella and
enterohemorrhagic Escherichia coli (EHEC)
such as such as E. coli 0157:H7.

m This toxin is an A-B foxin that cleaves host
cell rRNA and prevents the attachment of
charged tRNAs thus stopping host cell protein
synthesis.

m The shiga toxin also enhances the LPS-
mediated release of cytokines such as II-1
and TNF-alpha and appears to be responsible

for hemol ic uremic syndrome (HUS),
probably by causing blood vessel damage.

neuron stimulating
muscle contraction

acetylcholine
; contracted muscle

Tetanus exotoxin

® Binds to inhibitory interneurons of the spinal
cord and blocks ‘rzeir release of inhibitors.
The toxin blocks the release of inhibitors,
keeps the involved muscles in a state of
contraction and leads to spastic paralysis.

acetylcholine

Botulinal Exotoxin Blocking
Acetylcholine Release

The botulism exotoxin binds to the presynaptic
neuron and blocks its release of acetylcholine. This
causes a flaccid paralysis, a weakening of the involved
muscles.

target
host cell

exotoxin
binding site

The body's major defense against exotoxins is the
production of antitoxin antibodies.
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Toxins that Damage Host Cell
Membranes (Type II Toxins)

m Alpha foxin (lecithinase): increases the
ermeability of capillaries and muscle cells
y breaking down lecithin in cytoplasmic
membranes. This results in the gross edema
of gas gangrene.
= Kappa toxin (collagenase): breaks down
supportive connective tissue (collagen)
resulting in the mushy lesions of gas gangrene.

® Mu toxin (hyaluronidase): breaks down the
tissue cement that holds cells together in

ORGANISM??

Exotoxin A and Exotoxin S: inhibits host cell protein
synthesis causing tissue damage: is
immunosuppressive.

Phospholipase C: Causes tissue damage; stimulates
inflammation.

Pyocyanin: a green to blue water-soluble pigment that
catalyzes the formation of tissue-damaging toxic
oxygen radicles; impairs ciliary function, sfimulates
inflammation.

Alkaline protease: leads to tissue damage.Cytotoxin:
Damages cell membranes of leukocytes causes
microvascular damage.

tissue.

ORGANISM AND DISEASE??

Bacterial Toxins

Bacterium
Bacillus anthracis
Bordetella pertussis

Clostridium botulinum
C. tetani
Corynebacterium diphtheriae
Escherichia coli

Pseudomonas aeruginosa

Shigella spp.

Staphylococcus aureus

Streptococcus pneumoniae

Streptococcus pyogenes
Vibrio cholerae

Gram negative bacteria

Toxin
Anthrax toxin
Pertussigen
Neurotoxin
Tetanus toxin

Diphtheria toxin

Vero toxin (shiga-like toxin)
Exotoxin A
proteases, elastases

Shiga toxin

Exfoliative Toxin
TSST-1
Enterotoxin

Pneumolysin

Erythrogenic toxin
Cholera toxin

Endotoxin (LPS)

Pathology

edema, hemorrhage,
circulatory collapse

whooping cough
paralysis
muscle spasm

epithelial necrosis
heart damage
nerve paralysis

diarrhea, cramping
various
diarrhea, dysentery

neurological effects

scalded skin syndrome
toxic shock
diarrhea, vomiting

bacteremia
deafness

scarlet fever
diarrhea

septic shock

Elastase: Destroys elastin, a protein that is a
component of lung tissue.

Exotoxins produced by variuos primary pathogens

Toxins

Name of Disease;
Name of Toxin

Characteristics
of the Disease

Mechanism

‘A-B TOXINS—Composed of two subunits, A and B. The A subunit is the toxic, or active, part; the B subunit binds to the target cell.

Neurotoxins

Clostridium botulinum
Clostridium tetani

Enterotoxins

Enterotoxigenic E. colf
Vibrio cholerae
Cytotoxins

Bacillus anthracis

Bordetella pertussis

Corynebacterium
diphtheriae

E. coli 0157:H7

Shigella dysenteriae

Botulism; botulinum toxin

Tetanus; tetanospasmin

Traveler's diarrhea; heat-labile
enterotoxin (cholera-like toxin)

Cholera; cholera toxin

Anthrax; edema factor,
lethal factor

Pertussis (whooping cough);
pertussis toxin

Diphtheria; diphtheria toxin

Bloody diarthea, hemolytic
uremic syndrome;  shiga toxin

Dysentery, hemolytic uremic
syndrome; shiga toxin

Flacdd paralysis

Spastic paralysis

Severe watery diarrhea

Severe watery diarrhea

Inhaled form—septic shock;
cutaneous form—skin lesions

Sudden bouts of violent
coughing

Pseudomembrane in the throat;
heart, kidney damage.

Diarthea that may be bloody;
kidney damage

Diarthea that contains blood,
pus, and mucus; kidney damage

Blocks transmission of nerve signals to the muscles
by preventing the release of acetylcholine.

Blocks the action of inhibitory neurons by preventing
the release of neurotransmitters.

Modifies a regulatory protein in intestinal cells, causing
those cells to continuously secrete electrolytes and water.

Modifies a regulatory protein in intestinal cells, causing
those cells to continuously secrete electrolytes and water.

Edema factor modifies a regulatory protein in cells,
causing those cells to overproduce fluids. Lethal factor
inactivates proteins involved in cell signaling functions.

Modifies a regulatory protein in respiratory cells, causing
those cells to overproduce respiratory secretions and
mucus. Other factors also contribute to the symptoms.

Inhibits protein synthesis by inactivating an elongation
factor of eukaryotic cells. Kills local cells (in the throat)
but can also be carried in the bloodstream to

various organs.

Inactivates the 60S subunit of eukaryotic ribosomes,
halting protein synthesis.

Inactivates the 60S subunit of

eukaryotic ribosomes, halting protein synthesis




Virulence Factors that Damage
the Host

1. The ability to produce cell wall components
that bind to host cells causing them to
synthesize and secrete inflammatory
cytokines and chemokines;

2. The ability to produce harmful exotoxins.
3. The ability to induce autoimmune responses.

= Rheumatic fever triggered by
rheumatogenic strains of Streptococcus
pyogenes. Antibodies and CTLs
stimulated by antigens of S. pyogenes
cross-react with heart and joint tissues
damaging the heart and joints

Ability to Induce Autoimmune
Responses

m Autoimmunity is when the body's
immune defenses mistakenly attack the
body and sometimes certain bacteria

can serve as a trigger for this response.

m Inducing the production of cross-
reacting antibodies and possibly auto-
reactive cytotoxic T-lymphocytes or
CTLs

Epitopes resulting in a normal cell
being mistakenly recognized as
non-self.

MAC Lysis During Type-IT
Hypersensitivity
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Apoptosis

Acute glomerulonephritis: Streptococcus pyogenes

ADCC LYS is During Type_II m Type-III Hypersensitivity: Immune

Hypersensitivity Complex: The antigen/antibody complex then
activates the complement pathway

Measure of the pathogenicity
of an organism.

-‘— EXGTOXIN
Measure experimentally by determining the number
of bacteria required to cause animal death, illness, ity :
or lesions in a defined period. FROTEING. \ _ApmEaIvy

CAPSULE

VIMULENCE

LD50: "5‘“’ @

Calculations of Lethal dose affecting 50 percent of a _ FRODUCING

. . IRON
population of animals BINDING

PROTEIN
ED50:

Effective dose causing a disease symptom in 50
percent of a population of animals
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