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Introduction to Medical Microbiology
Topic: Pathogenesis of Bacterial Infections

Key Definitions:

Carrier: An individual with an asymptomatic infection capable of transmitting the
pathogen.

Infection: The multiplication of an infectious agent within the body, excluding
normal flora.

Invasion: Entry and spread of bacteria, viruses, fungi, or parasites in host
cells/tissues.

Pathogenicity: The ability of an infectious agent to cause disease.

Virulence: The degree of pathogenicity, involving adherence, invasion, and
toxigenicity.

Koch’s Postulates:

1. The microorganism should be present in all cases of the disease.

2. It should be isolated and grown in pure culture.

3. The cultured microorganism should cause disease in a susceptible host.
4. The microorganism must be re-isolated from the diseased host.

Treponema pallidum (syphilis) and Mycobacterium leprae (leprosy) cannot be cultivated in
vitro, but animal models are available for studying these infections. In contrast, Neisseria
gonorrhoeae (gonorrhea) can be cultured in vitro, though no animal model exists;
experimental infections in humans serve as a substitute. Some pathogens, like certain E. coli
strains causing diarrhea, are studied using in vitro infection models. Advances in microbial
genetics have enhanced the study of pathogenic bacteria, distinguishing them from
nonpathogens. Molecular cloning enables researchers to isolate and manipulate virulence
genes, leading to the development of molecular Koch’s postulates for studying bacterial
infections.

Molecular Koch’s Postulates: Focuses on genetic factors responsible for virulence:
e The trait should be associated with pathogenic strains only.

« Inactivation of the gene should reduce virulence.
« Restoration of the gene should restore pathogenicity.

Characteristics of Pathogenic Bacteria:
e Transmissibility
o Adherence to host cells

« Invasion and toxigenicity
o Evasion of the immune system

Portals of Entry:

e Respiratory tract
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« Gastrointestinal tract
o Genitourinary tract
e Broken skin or mucosal surfaces

Modes of Transmission:

e Foodborne: Salmonella, Campylobacter

e Vector-borne: Yersinia pestis (plague)

o Environmental: Bacillus anthracis (anthrax), Clostridium species

e Person-to-person: Mycobacterium tuberculosis (cough aerosols), Staphylococcus
aureus (hands, skin contact)

The Infectious Process:

1. Adherence: Bacteria attach to host cells.

2. Multiplication & Spread: Direct tissue invasion or bloodstream dissemination.

3. Toxin Production: Some bacteria cause disease by releasing toxins (e.g., Vibrio
cholerae, E. coli).

Genomics and Pathogenicity:

« Mobile Genetic Elements: Plasmids and phages transfer virulence genes.
o Pathogenicity Islands (PAIs): Clusters of virulence genes in pathogenic bacteria.

Regulation of Virulence Factors:

o Environmental factors influence gene expression (e.g., temperature, pH, iron levels).
o Examples:

o Corynebacterium diphtheriae: Produces toxin in low-iron conditions.

o Vibrio cholerae: Toxin production varies with pH and temperature.

o Yersinia pestis: Capsule protein expression differs between host and flea.

Infection Control:

« Hand hygiene is essential to prevent nosocomial infections.
o Awareness of transmission modes helps in infection prevention.

Conclusion: Understanding bacterial pathogenesis is critical for disease prevention,
diagnosis, and treatment. Research advancements in microbiology continue to uncover new
mechanisms of virulence and infection control strategies.

Infection, Disease, and Bacterial Toxins

I. Infection vs Disease
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1. Infection: The presence and growth of pathogenic microorganisms in the body, whether or
not symptoms appear.
2. Disease: A condition where normal body functions are impaired, often due to an infection.
3. Difference:
o Infection does not always result in disease.
o Disease occurs when the immune system fails to control the infection.

Example:

¢ A mosquito bite infecting a person with malaria parasites may not cause immediate
symptoms, but when symptoms develop (fever, chills, etc.), it is considered a disease.

e TB patients can spread infection through coughing, which may or may not cause disease in
those exposed.

I1. Pathogenicity vs. Virulence

1. Pathogenicity: The ability of a microorganism to cause disease.
2. Virulence: The degree of damage caused by a pathogen.

o High virulence = Severe disease.

o Low virulence = Milder symptoms.

I11. Bacterial Toxigenesis

Toxigenesis: The ability of bacteria to produce toxins, which contribute to disease
development.

A. Types of Bacterial Toxins

1. Endotoxins
o Found in the outer membrane of Gram-negative bacteria.
o Released when bacteria die and cell walls break apart.
o Example: Lipopolysaccharides (LPS) cause fever, inflammation, and shock.
2. Exotoxins
o Secreted by bacteria, affecting distant tissues.
o Often proteins with enzymatic activity.
o Examples:
= Neurotoxins (affect nerves): Tetanus and Botulinum toxins.
= Enterotoxins (affect intestines): Cholera and E. coli toxins.
= Cytotoxins (kill host cells): Diphtheria and Shiga toxins.

B. Characteristics of Exotoxins

« Highly potent and specific.
e Can be neutralized by antitoxins (antibodies).
« Can be converted into toxoids for vaccines (e.g., diphtheria and tetanus toxoids).
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C. Mechanisms of Toxin Action

1. A-B Toxins:
o A (Active) subunit disrupts cell function.
o B (Binding) subunit allows toxin entry.
o Example: Diphtheria and Cholera toxins.
2. Pore-Forming Toxins:
o Create holes in cell membranes, leading to cell death.
o Example: Staphylococcus aureus alpha-toxin.
3. Superantigens:
o Overstimulate immune response, causing toxic shock.
o Example: Staphylococcal Toxic Shock Syndrome Toxin (TSST-1).

D. Examples of Bacterial Toxins and Their Effects

Toxin Bacterium Effect
Botulinum Clostridium botulinum Muscle paralysis (flaccid)
toxin
Tetanus toxin Clostridium tetani Muscle spasms (spastic paralysis)
Cholera toxin Vibrio cholerae Severe diarrhea
Diphtheria Corynebacterium Inhibits protein synthesis
toxin diphtheriae
Shiga toxin Shigella dysenteriae Inhibits protein synthesis, causing cell
death

IV. Importance of Bacterial Toxins in Disease Prevention

1. Vaccines:
o Toxoid vaccines prevent diseases caused by toxin-producing bacteria (e.g.,
Tetanus, Diphtheria).
2. Antitoxins:
o Neutralize toxins in cases of severe bacterial infections.
3. Antibiotics:
o Can kill bacteria but may also release endotoxins, requiring careful medical
management.

Summary

o Infection # Disease: Infection can occur without symptoms, but disease results when
the body fails to control the infection.

e Pathogenicity vs. Virulence: Some bacteria are more dangerous due to their ability
to cause severe disease.

o Bacterial Toxins: Play a key role in bacterial diseases, with exotoxins being more
potent than endotoxins.

o Medical Implications: Understanding bacterial toxins helps in vaccine development
and disease treatment.
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