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Spore-Forming Gram-Positive Rods

e General Characteristics of Spore-Forming Bacteria

» Sporulation Process:
v" Triggered by harsh environmental conditions (e.g., nutrient depletion of carbon, nitrogen, or
phosphorus).
v" Produces new structures, enzymes, and metabolites; vegetative cell components disappear.
v" The spore contains:
= A complete chromosome copy.
= Minimal essential proteins and ribosomes.
= High calcium concentration bound to dipicolinic acid.
v Highly resistant to desiccation, heat, and chemicals; viable for centuries.
v Spores germinate under favorable conditions to form vegetative cells.
v" Spore location aids in bacterial identification.

» Structure:
v"Ultra-structure varies by species (detailed structure not exam material).
v Formation involves asymmetric division, engulfment, cortex assembly, and mother cell lysis.

e Pathogens Covered
» Bacillus species:
v" Aerobic, Gram-positive rods in chains.
v" Pathogens: Bacillus anthracis and Bacillus cereus.

» Clostridium species:
v Gram-positive, obligate anaerobes.
v" Pathogens: Clostridium difficile, Clostridium perfringens, Clostridium tetani, and Clostridium
botulinum.

Bacillus Species

e Bacillus anthracis

» Characteristics:
v" Large Gram-positive rods (1 x 3 to 8 um); form long chains.
v" Spores not observed in clinical specimens.

» Transmission:
v" Zoonotic; primarily affects herbivores.
v Human exposure through infected animals/products or biological warfare.

» Infection Routes:
v"Inoculation: Skin infections (95% of cases).
v" Inhalation.
v" Ingestion.

» Virulence Factors:
v" Capsule: Inhibits phagocytosis.
v Edema Toxin: Causes fluid accumulation.
v" Lethal Toxin: Stimulates cytokine release, cytotoxic effects
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» Disease Progression:
v Germination at the infection site produces gelatinous edema.
v" Rapid progression to shock and death within 3 days without immediate treatment.

» Clinical Forms:
v/ Cutaneous Anthrax: Starts as a painless papule, progressing to an ulcer and necrotic eschar.
v" Inhalation Anthrax: Prolonged latency (up to 2 months), with mediastinal lymph node
involvement, hemorrhagic necrosis, sepsis, and potential spread to other organs.

e Bacillus cereus
» Characteristics:
v"Ubiquitous in the environment.

» Diseases:
v Food Poisoning:
= Emetic Form: Contaminated rice; rapid onset (1-6 hours), short duration (<24 hours).
= Diarrheal Form: Contaminated meat/vegetables; longer incubation.

v Qcular Infections: Post-traumatic, involving soil-contaminated objects.

Clostridium Species
e Clostridium difficile
» Characteristics:
v Gram-positive, spore-forming, anaerobic bacillus.
v~ Common in intestinal tracts and the environment.

» Infections:
v" Hospital-acquired; associated with antibiotic use disrupting gut flora.
v" Overgrowth damages colon, causing diarrhea.
v Pseudomembranous colitis: Yellow-white plagues forming pseudomembranes.

> Toxins:
v Toxin A and Toxin B damage the colon lining.

» Detection:
v Enzyme immunoassay (EIA) for toxins.

» Treatment:
v" Fecal transplants restore healthy gut flora.

e Clostridium perfringens

» Characteristics:
v" Large, rectangular Gram-positive rod.
v" Spores form under adverse conditions; rarely seen in vitro.

» Diseases:
v" Soft Tissue Infections:
= Includes cellulitis, fasciitis, and gas gangrene (a-toxin).
= Gas gangrene involves spore germination in tissues, producing toxins and gas.
v" Food Poisoning:
= Short incubation (8-12 hours), lasting <24 hours.
= Caused by enterotoxins during sporulation.
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» Treatment:
v" Surgical debridement/amputation.
v" Antibiotics alone are insufficient.

e Clostridium tetani
» Characteristics:
v Motile Gram-positive rod with drumstick-shaped terminal spores.
v Found in soil; transient in animal Gl tracts.

» Toxins:
v Tetanospasmin: Blocks inhibitory neurotransmitters (GABA, glycine), causing spastic
paralysis.

» Disease:
v" Tetanus is rare due to vaccination.
v Symptoms: Lockjaw (trismus), sardonic smile, spastic paralysis.

e Clostridium botulinum

AN

» Characteristics:
v" Large, spore-forming anaerobic rods.
v" Found in soil and water worldwide.

» Diseases:
v" Foodborne Botulism:
= Contaminated home-canned foods.
= Symptoms: Weakness, dizziness, flaccid paralysis, respiratory failure.

v" Infant Botulism:
= Caused by spore-contaminated honey, dust, or soil.
= Neurotoxin production occurs in the infant's Gl tract.

» Toxins:
v" Seven types (A-G); human disease linked to A, B, E, and F.
v" Block acetylcholine release, causing flaccid paralysis.
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uestions

1. Clostridium difficile is a spore-forming Gram-positive rod primarily associated with which
condition?
A. Foodborne botulism
B. Necrotizing fasciitis
C. Antibiotic-associated diarrhea
D. Wound infections

2. Which of the following is the primary reservoir for Clostridium tetani spores?
A. Contaminated food
B. Soil
C. Water
D. Animal feces

3. Which of the following toxins is produced by Clostridium perfringens and is responsible for gas
gangrene?
A. Alpha toxin
B. Botulinum toxin
C. Tetanospasmin
D. Enterotoxin

4. Which species is associated with food poisoning due to toxin production after improper reheating
of rice?
A. Clostridium difficile
B. Clostridium perfringens
C. Bacillus cereus
D. Clostridium botulinum

Answers
1. Clostridium difficile is a spore-forming Gram-positive rod primarily associated with which
condition?
o C. Antibiotic-associated diarrhea

2. Which of the following is the primary reservoir for Clostridium tetani spores?
o B. Soll

3. Which of the following toxins is produced by Clostridium perfringens and is responsible for gas
gangrene?
o A. Alphatoxin

4. Which species is associated with food poisoning due to toxin production after improper reheating of
rice?
o C. Bacillus cereus
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