PATHOGENICITY AND PATHOGENESIS OF BACTERIA
​
​DIFINITIONS:

1- Pathogenicity: The ability of an organism to cause disease in man or animal.

2- Pathogenesis: The mechanism by which a disease is formed in the body.

3- Pathogen: An organism capable of causing disease in the body.

4- Opportunistic: An organism which cannot cause disease under normal circumstances, but it can cause disease in immuno-depressed patients.

5- Virulence: Is a quantitative measure of pathogenicity, and measured by the number of organisms required to cause disease.

6- 50% Lethal Dose (LD50 ): Number of organisms needed to kill half the hosts (laboratory animals).

7- 50% Infectious Dose (ID50 ): Number of organisms needed to cause infection in half the hosts (laboratory animals).
VIRULENCE FACTORS:

They are the tools bacteria use to cause disease, e.g.:

1- Polysaccharide capsule:  e.g.:
S. pneumoniae, H. influenzae, 
          K. pneumoniae, S. typhi, N. meningitidis, B. anthracis.
2- M-protein: e.g.: S. pyogenes.

3- Protein-A: e.g.: S. aureus.

4- Protein pili: e.g.: E.coli.

5- V- & W- proteins: e.g.: Y. pestis.

6- Endotoxin: e.g.: Sh. dysenteriae.

7- Exotoxin: e.g.: C. tetani
TYPES OF BACTERIAL INFECTIONS:

1- Epidemic: Occurring more frequently in a community, e.g.: CSM.

2- Sporadic: Scattered cases.

3- Pandemic: Spreading worldwide, e.g.: Gonorrhoea, AIDS, Cholera.

4- Endemic: Constantly occurring at a low level in a specific population, e.g.: Malaria, Bilhaziasis.

5- Communicable(infectious): Spread from person to person, e.g.: TB.

6- Contagious: Highly communicable, e.g.: Measles.

7- Inapparent (subclinical): No symptoms shown. Detected only by serological tests, e.g:
AIDS.

8- Latent: Infection hiding in the body and may become apparent if the organism is 
reactivated, e.g.: Syphilis.

9- Chronic carrier: Organism continue to multiply in the body with or without production of Symptoms, e.g.: Brucellosis.

MECHANISMS OF INFECTION:

Bacteria cause disease by two mechanisms:

1- Toxin production: Two types:


        a. Exotoxins: Are polypeptides (protein) released by an   

                organism while it is living, e.g: C. tetani

        b. Endotoxins: Are lipopolysaccharide forming part of the cell    

                membrane; hence it is released only when the organism   

                dies, e.g.: S. dysenteriae.

2- Invasion and Inflammation: Bacteria multiply into a large number locally and induce an inflammatory response, e.g.: erythema, oedema, fever, pain, e.g.: S. aureus.

STAGES OF BACTERIAL PATHOGENSIS:

· Transmission from an external source into the portal of entry.

· Overcome and evasion of primary host defences, e.g.: skin, acid in stomach.

· Adherence to mucous membranes, using Pili.

· Colonization of the site of adherence by severe multiplication.

· Appearance of symptoms of disease due to toxin production or invasion and inflammation.

· Host responses: Non-specific (fever) or specific (immunity).

· Progression or resolution of disease.
TYPICAL STAGES OF INFECTIOUS DISEASE:

1. Incubation period: Time between entry and appearance of symptoms.

2. Prodrome period: Non-specific symptoms appear e.g.: fever, malaise, loss of appetite.

3. Specific illness period: Typical symptoms and signs of disease appear.

4. Recovery period: illness disappears.

DETERMINANTS OF BACTERIAL PATHOGENSIS:

1. TRANSMISSION: Modes of transmission are:

· Direct contact: e.g.: contact of infected animals e.g.: anthrax.

· Ingestion: e.g.: unpasterized milk to cause TB, brucellosis.

· Faecal-oral: e.g.: Dysentery, Cholera
· Vector (mosquito, ticks) causing malaria, tularemia, Relapsing fever, leishmaniasis. 
· Inhalation of aerosols: e.g.: TB, chest infection.

· Congenital: e.g.: AIDS, Syphilis, etc.
· Sexual intercourse: e.g.: Gonorrhoea, Syphilis
· Animal Bites: e.g.: dogs to give rabies.

· Blood transfusion: e.g.: Hepatitis, HIV
Portals of entry: are as follows:

i. Respiratory tract, e.g.: Pneumonia, TB.

ii. Gastro-intestinal, e.g.: Typhoid fever, cholera. 
iii. Skin, e.g.: Tetanus, Ringworm infection.

iv. Genital tract, e.g.: Gonorrhoea, AIDS, Syphilis.
2. ADHERANCE TO CELL SURFACES: Done by the following:

i. Pili, e.g.: N. gonorrhoeae and E.coli.

ii. Capsules or glycocalyx, produced by K. pneumoniae,    

     S. epidermidis, etc.

iii. Foreign bodies (artificial heart valves), help bacteria to attach    

     to these surfaces.
3. INVASION & INFLAMMATION: Enzymes secreted by bacteria to invade tissues are:

i. Collagenase and Hyaluronidase, e.g.: S. pyogenes.

ii. Coagulase, e.g.: S. aureus.

iii. IgA-protease, degrades IgA and helps bacteria to adhere to    

     mucous membranes, e.g: N. gonorrhoeae.

iv. Leukocidins, e.g.: S. pyogenes.

v. Virulence factors may also help bacteria to invade tissues.
Inflammation: Bacteria cause 2 types of inflammations, e.g.:

i. Pyogenic, caused by S. aureus, N. gonorrhoeae, S. pyogenes, etc. ii. Granulomatous, caused by Myco. TB.
KOCH POSTULATES:

1- Organism must be isolated from every patient with disease.

2- Organism must be isolated in pure culture and grown in vitro in pure culture.

3- The pure organism must cause the same disease in healthy, susceptible laboratory animals. 
4- The organism must be recovered in pure culture from the inoculated animal.
This explains: If the isolated organism really causes the disease?
Properties of Exotoxin and Endotoxin
	Property
	Exotoxin
	Endotoxin

	Source

	Gram positive & Gram negative bacteria
	Gram negative bacteria


	Secreted from cell
	Yes

	No


	Chemistry
	Polypeptide

	Lipopolysaccharide


	Location of genes
	Plasmid or Bacteriophage
	Bacterial chromosome

	Toxicity
	High

	Low


	Clinical effects
	Various

	Fever, shock


	Modes of action
	Various modes

	Tumour necrosis factor (TNF) & IL-1

	Antigenicity
	High

	Poor


	Vaccines

	Toxoid vaccine

	No vaccine


	Heat stability
	Stable up to 60°C
	Stable up to 100°C


	Typical diseases

	Tetanus, Diphtheria

	Food poisoning



