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Microbial Pathogenicity

Lecture 19
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Learning Outcomes

* What do pathogens do to make us ill?
+ Bacterial toxins

- Exotoxins of Gram +
- Endotoxins of Gram -

* Pathogenicity of viruses

* Fungi/helminths/algae

* Mechanisms of host-host transmission
+ Portals of entry and exit
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Pathogenicity and Virulence

* Pathogenicity  The ability to
cause disease

+ Virulence The extent of
pathogenicity
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* Mucous membranes

- Respiratory tract
* Most frequently used
- Common cold

- Gastrointestinal tract

- Genitourinary tract

- Conjunctiva
- Skin

- Follicles or sweat ducts
+ Parenteral route

- Injections

- Bites/ vectors

- Abrasions

- Surgery

Portals of

Entry

%
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Numbers of Invading
Microbes

* IDyy Infectious dose for 50% of the
test population

+ Measure of virulence

* LDsp: Lethal dose (of a toxin) for
50% of the test population
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| Bacillus anthracis

Portal of entry

IDg,

Skin

10-50 endospores

Inhalation

10,000-20,000 endospores

Ingestion

250,000-1,000,000
endospores
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Too much of a Good Thing

+ 1975 Rely
superabsorbant
tampons released

+ Altered ecology of
vagina in favor of
Staphylococcus
toxin production
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Toxic Shock Syndrome

+ Greater surface area
+ Greater amount of

+ 942 cases and 40

+ TSS foxinis a

+ Higher viscosity >

greater production of |
TSS toxin by S. aureus |

nutrients (blood)

deaths 1980-81

Superantigen
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Adherence

+ Adhesions/ligands bind to receptors on

host cells

- Glycocalyx

- Fimbriae

- M protein

- Opa protein
- Tapered end

Streptococcus mutans
Escherichia coli
Streptococcus pyogenes
Neisseria gonorrhoeae
Treponema pallidum
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+ Aid adherance
* Antigens are generally

+ Capsules inhibit binding of

Bacterial
Capsules

foreign proteins that illicit

an immune response

+ Polysaccharides illicit a

weaker immune response

+ Particularly true of infants

immune systems

phagocytes and therefore
phagocytosis

+ Encapsulated pathogens

- Streptococcus pheumoniae
- Haemophilus influenzae

a capsule g

receptor—{)
for C3b

phagoeytic
white blood cell
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Enzymes Connective Tissue Enzymes
- Coagulase Coagulate blood
- Kinases Digest fibrin clots + Hyaluronidase
- Hyaluronidase Hydrolyses hyaluronic - Hydrolyses
acid hyaluronic acid

- Collagenase Hydrolyzes collagen * Collagenase
- IgA proteases Destroy IgA - Hydrolyzes collagen

antibodies
- Siderophores Take iron from

host iron-binding

proteins
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Toxin Terminology

+ Toxin Substances that contribute to
pathogenicity

- Toxigenicity Ability fo produce a toxin

+ Toxemia Presence of toxin the host's blood

+ Toxoid Inactivated toxin used in a vaccine

+ Antitoxin Antibodies against a specific

toxin

Slide 14

Exotoxin

Source Mostly Gram +
Metabolic product | By-products of growing cell
Chemistry Protein

Fever? No
Neutralized by Yes

antitoxin

LDsg Small




Slide 15

Superantigens

Superantigens or type I toxins

Cause an intense immune response due to
release of cytokines from host cells

- Cytokine storm

Fever, nausea, vomiting, diarrhea, shock
Toxic Shock Syndrome Toxin gg
Staphylococcal enterotoxin
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Membrane Disrupting Toxins

+ Membrane-disrupting toxins or type IT
toxins
- Lyse host's cells by:
- Making protein channels in the plasma
membrane
- Disrupting phospholipid bilayer
+ leukocidins,
+ hemolysins
- Streptolysins
- Staphylococcus
- Streptococcus
- Corynebacterium dijphtheriae
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A-B Exotoxins

+ A-B toxins
or type ITI
toxins

« Clostridium
botulinum

+ A-B
neurotoxin

membrane

Nucleus '.

Cytoplasm

!
o /

© Bacterium
produces and
releases exotoxin.

@ B (vinding) com-
ponent of exotoxin
binds to host cell
receptor and
exotoxin enters cell.

© A (active) compon-
ent of exotoxin
alters cell function
by inhibiting protein
synthesis.

Figure 15.5
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Exotoxins

Exotoxin

Lysogenic
conversion

* Corynebacterium
diphtheriae

A-B toxin. Inhibits
protein synthesis.

+

+ Streptococcus pyogenes

Membrane-disrupting.
Erythrogenic.

« Clostridium botulinum

A-B toxin. Neurotoxin

. C. tetani

A-B toxin. Neurotoxin

« Vibrio cholerae

A-B toxin. Enterotoxin

+ Staphylococcus aureus

Superantigen.
Enterotoxin.
Toxic Shock Syndrome
Toxin
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Endotoxins

Macrophage
Nucleus

Interleukin-1

Bacterium

Endotoxin Hypothalamus of brain

a5 T
oo

Blood
Vacuol
acuole

€ Amacrophageingestsa () The bacteriumis  €) IL1 is released
gram-negative bacterium degradedina by the macrophage

© L1 induces the
hypothalamus to produce
prostaglandins, which

“thermostat” to a higher

, producing

vacuole, releasing into the bloodstream,
endotoxins that through which it reset the body’s
induce the travels to the

to
produce of the brain fever

interleukin-1(IL-1)

Figure 15.6
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-

| Endotoxins

Source

Gram -

Metabolic product

Present in LPS of outer
membrane

Chemistry

Lipid

Fever? Yes
Neutralized b
antitoxin 4 No

LDsq

Relatively large
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Endotoxins and Fever

* Hypothalamus
* Prostaglandin
* Aspirin

* Gram - endotoxins
+ Lipid A
* Pyrogenic Response

- Macrophages

- IL-1

- Tumor Necrosis Factor
alpha
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Antibiotic Use and Endotoxic
Shock

+ Antibiotic treatment of Gram negative

infections result in the release of
endotoxins

+ Endotoxins stimulate IL-1 and TNF release
+ Systemic inflammation and increased

capillary permeability

* Rapid systemic drop in blood pressure
+ Increase in blood-brain barrier

permeability

* meningitis
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.

Infect new susceptible
host = Transmission
Gastrointestinal tract
- Feces, saliva
Genitourinary tract

- Urine, vaginal secretions
Skin direct

Blood

- Biting arthropods,
needles/syringes

Portals of Exit
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Mechanisms of Pathogenicity

Number of
Invading Microbes

Pettals of Roty P":';:':';:" :\‘;;:’“" Damage to Host Cells/
Mucous membranes Cytopathic Effects Portals of Exit
Respiratory tract Capsules
intestinal tract Cell wall - e e —> Generally the same as
Genitourinary tract Enzymes bl the portals of entry for a
Conjunctiva Siderophores :::""";"I:' given microbe
Skin Antigenic variation i
Parenteral route Cytoskeleton 20!
Adherence

Figure 15.9




