
Microbes as Agents of 
Infectious Disease

• Normal Flora

• Virulence and Pathogenicity

• Toxicity vs. Invasiveness



WE ARE NOT ALONE!

“We are outnumbered. The average human contains 
about 10 trillion cells. On that average human are about 
10 times as many microorganisms, or 100 trillion 
cells...As long as they stay in balance and where they 
belong, [they] do us no harm…In fact, many of them 
provide some important services to us. [But] most are 
opportunists, who if given the opportunity of increasing 
growth or invading new territory, will cause infection.”

- Sullivan (1989)



Take Home Message:

Prokaryotic Cells ~1014 cells/body

Eukaryotic Cells ~1013 cells/body

Normal Flora helps maintain our health
• Provides vitamins & nutrients
• Detoxify many compounds
• Prevent colonization of pathogens





Normal human microflora

Good
Bad

Most





Skin:

Resident Microbes:
Most are Gram (+)

Staphylococcus
Micrococcus

Few G (-) & fungi

Environmental Conditions: Hostle
• High Salt
• Low pH
• Dry



Tooth Colonies Plaque Cross Section

Streptococcus
mutans

Dental Plaque Bacteria





Mouth:

Resident Microbes:
Gram (+): Streptococcus & Lactobacilli
Gram (-): obligate anaerobes

Spirochetes: Borrelia

Environmental Conditions: More Favorable
• Moist, though contains lysozyme
• Lots of polysaccharides
• Lots of amylase & protease





Respiratory Tract:

Resident Microbes: Upper Only
Gram (+): Streptococcus & Staphylococcus

Environmental Conditions:
• Mucous membranes
• Others compete with potential pathogens



Vitamin K



G.I. Tract:
Stomach: Hostle, pH ~2

Gram (+):  Lactobacilli & Streptococcus
Gram (-):  Helicobacter pylori

Small Intestine: Gradient in pH
low pH:  Lactobacilli
neutral:  Enterococcus

Large Intestine: Moist and pH ~7
1011 to 1012 bacteria/g wet wt feces
#1 is Bacteroides vulgatus at ~15% 
E. coli is only ~0.03%



Physical, chemical, & anatomical barriers to infection



Virulence and Pathogenicity

Pathogen: A parasitic organism that causes 
damage to, or disease in its host.

Pathogenicity: The ability to cause disease.

Virulence: The relative degree or intensity 
of pathogenicity.

Virulence is determined by the five 
following characteristics of the pathogen 



Invasiveness: The ability of the organism to spread 
to adjacent tissues or other tissues.

Toxigenicity: The ability of the organism to produce 
toxic products that cause disease and/or damage in 
the host.

Infectivity: The ability of the organism to establish 
a focal point of infection through growth.

Pathogenic potential: The degree that the pathogen 
causes morbid symptoms.

Hypersensitivity: Host’s innate sensitivity to 
pathogen.



The presence or even growth
of microbes on the host does 
not always lead to disease.

These two are key factors
to the success or failure
of a potential pathogen 
to cause disease!



Determinants of Infectious Disease

To produce an infectious disease, a pathogen must be able to:

1. initially be transported to the host

2. adhere to, colonize or invade the host

3. grow, multiply, or complete its life cycle in the host

4. initially evade host defense mechanisms

5. damage the host by mechanical and/or chemical means

In the end it is – Numbers (of bacteria) that make you sick!



Loose association Adhesion Invasion



Adherence of microorganisms

Entero-toxic Vibrio cholerae Entero-invasive E. coli





LD50

Bacterium A is more virulent than bacterium B

Also an ID50



Virulence factors in Salmonella



Adherence Factors:



Virulent Factors: Invasiveness

Also considered cytolytic toxins!



Virulent Factors: Plasmids



Virulent Factors: Antiphagocytic

Also considered cytolytic toxins!



Exotoxins:

Extracellular toxic proteins released by pathogens.

1. Cytolytic toxins cause cell lysis.

2. Superantigen toxins stimulate the 
immune system.

3. A-B toxins where one part binds to 
surface receptor and the second enters and 
impacts cellular function.



A-B exotoxins and their cellular entry

covalently linked



Action of diptheria toxin from Corynebacterium diphtheriae

• ADP-ribosylates EF-2
• only takes one to kill cell



Action of botulinum toxin from Clostridium botulinum



Action of tetnus toxin from Clostridium tetani



Enterotoxins:

Exotoxins that specifically affect the 
small intestine.

1. Generally cause massive secretion of fluid.

2. Leads to vomiting and/or diarrhea.

3. Often associated with food poisoning.



Action of cholera enterotoxin

ganglioside



Action of cholera enterotoxin

1:5 ratio

Purified “B” blocks process



Action of cholera enterotoxin

Activates this reaction!
(Causing sodium influx blockage)



Action of cholera enterotoxin



Action of cholera enterotoxin



Rem: Lipid A region of LPS



toxin

(~ Diphtheria)




