
AZERBAIJAN MEDICAL UNIVERSITY
DEPARTMENT OF MEDICAL MICROBIOLOGY and IMMUNOLOGY

Lesson  5.

Microbiology diagnosis of diseases, caused by anaerobes 

(clostridium and bacteroides)

FACULTY: General Medicine

SUBJECT: Medical microbiology - 2



Discussed questions:

1. The causative agent of tetanus, morpho-biological characteristics, pathogenesis of the
disease, microbiological diagnosis, principles of specific treatment and prevention.

2. The causative agent of botulism, morpho-biological characteristics, pathogenesis of the
disease, microbiological diagnosis, specific treatment and prevention principles.

3. The causative agents of gaseous anaerobic infections (C.perfringens, C.novyi, C.septicum,
C.histolyticum, C.sordellii), morpho-biological characteristics, pathogenesis of the disease.
Other diseases caused by C.perfringens (food poisoning, necrotic enteritis)

- Microbiological diagnosis of gaseous anaerobic infections, principles of specific
prevention and treatment.

4. Clostridium difficile, morpho-biological characteristics, pathogenesis of
pseudomembranous colitis, microbiological diagnosis, prevention and treatment problems

5. Morpho-biological characteristics of bacteria from the genus Bacteroides, principles of
microbiological diagnosis of diseases.



Purpose of the lesson: 

• To acquaint students with the morpho-biological characteristics of pathogenic

anaerobes, which are the causative agents of tetanus, botulism and gaseous

anaerobic infections, as well as bacteria from the genus Bacteroides, methods of

microbiological diagnosis of diseases, principles of treatment and prevention.















Microbiological diagnosis of anaerobic infections:

• Examination material - wound exudate, edema fluid, necrotic tissue, cadaver
material, blood, feces, suspicious product, etc.

• Examination methods:

• Microscopic

• Bacteriological

• Biological

• Serological (IFR, ELISA, PHAR)

• Molecular-genetic



Species belonging to the genus Clostridium:

• Clostridium tetani

• C. botulinum

• C. perfiringens

• C. bifermentas

• C. histolyticum

• C. novyi

• C. septicum

• C. difficile





Clostridium tetani
(morpho-biological characteristics)

A smear prepared from wound exudate A smear prepared from a pure culture

C.tetani is a large Gram-positive rod-shaped bacterium measuring 4-8x0.4-1.0 µm. It is

motile, has peritrichous flagella. Inside, oval-shaped spores are located in the terminal

position, giving the bacterial cell a characteristic "drumstick" shape.



Clostridium tetani
(cultural characteristics)

• It is obligate anaerobic. Cultivated in nutrient media for anaerobes - Kitt-

Tarotsi medium, sugar and blood agars at 35-37ºC, pH 6.8-7.4.

• After 3-4 days of incubation in blood-sugar agar, it forms R-colonies with

grayish, sometimes transparent, uneven granular surface and protruding

edges.

• Deep in the sugar agar column, it forms cotton ball, sometimes pea-like dark

colonies.

• In blood agar, a hemolysis area is observed around the colonies.

• It develops by forming turbidity in the Kitt-Tarotsi medium, darkening of the

Wilson-Blair medium is observed.



Clostridium tetani 
Blood sugar agar colonies



Clostridium tetani 
BLOOD AGAR



Wilson-Blair medium

(darkening)

Clostridium tetani
Cultural characteristics:

Kitt-Tarozzi medium
(blurring)



Clostridium tetani
(biochemical activity)















Mechanism of toxin





Tetanus - Pathogenesis



Tetanus – clinical finding





























Clostridium botulinum (morpho-biological characteristics)

• C.botulinum is a 4-9x0.6-1.0 μm size polymorphic rod-shaped bacterium. It is motile,
has peritrichous flagella. It does not form a capsule, but under unfavorable conditions
produces subterminal spores (similar to a tennis racket).

C.botulinum 



Clostridium botulinum (cultural characteristics)

• It is obligate anaerobic. Cultivated at 25-37°C pH 7.3-7.6.

• On blood-sugar agar, colonies surrounded by a hemolysis zone with irregularly

shaped, thread-like protrusions, on blood agar, they form smooth (S-shaped) with a

bright surface similar to a dew drop, or R-colonies with indented-protruding edges.

• In the depth of the sugar agar column, pea-like (S-shaped), sometimes cotton ball-

like (R-shaped) colonies are formed.

• It produces turbidity and gas in liquid media (Kitt-Tarozzi medium, liver broth,

etc.).



Blood agar

Egg yolk agar

Kitt-Tarozzi medium

(blurring)

Clostridium botulinum (cultural characteristics)



Clostridium botulinum
(biochemical activity)







Mechanism of toxin



Canned meat, fish and vegetable products can cause botulism!











Botulism – pathogenesis



















Causes of gas gangrene:

C.perfiringens (90-100%)

C.novyi (25-30%)

C.histolyticum (0,1 %)

C.sordellii

C.septicum (4-12%) 
(spontan)

C.bifermentas

C.sporogenes









Clostridium perfringens (cultural characteristics)

Blood agar                                              Sessler agar



Clostridium perfringens (cultural characteristics)

Kitt-Tarozzi medium Wilson-Blair medium Sugar agar due to gas formation 
agar column digestion















Gas gangrene:







Other causative agents of gas gangrene:

• Clostridium novyi -

• Clostridium septicum -

• Clostridium histolyticum -

• Clostridium sordellii -



Clostridium novyi
morpho-biological characteristics:

• Gram-positive is a large, straight or slightly

bent rod-shaped bacterium measuring 4-22x1-

2 µm.

• Unlike C.perfiringens, it is motile, has peritrix

flagella, does not form a capsule.

• Spores are located in the subterminal position.



Clostridium novyi
cultural characteristics:

• Obligate anaerobic, very sensitive to oxygen.

• It develops in anaerobic conditions at 37-43ºC, pH 7.4-
7.6 in casein, carbohydrate, meat-peptone environments.

• On blood-sugar agar, it forms semi-transparent colonies
with granular and fringed edges.

• In the depth of the sugar agar column, it forms colonies
with a compact center similar to cotton balls or
snowflakes.

• Most strains produce hemolysis on blood agar.

• When it develops in liquid nutrient media (Kitt-Tarotsi,
Wilson-Blair), turbidity is observed along with the
formation of gas, and then sedimentation.

Clostridium novyi
Blood agar



Clostridium novyi
antigen structure and virulence factors:

• According to the antigenic properties of the exotoxins it synthesizes, it is

divided into serotypes A, B, C and D.

• C.novyi secretes a toxin with a complex composition and broad biological

activity. The toxin consists of 8 factors with lethal, necrotic and hemolytic

effects. They are denoted by Greek letters alpha (α), beta (β), gamma (γ), delta

(δ), epsilon (ε), and mi (μ).

• Toxins lead to the formation of jelly-like edema by increasing the permeability

of blood vessels.



Clostridium septicum
morpho-biological characteristics:

• It is a Gram positive 3-4x1.0-1.5 µm

polymorphic rod-shaped bacterium.

Sometimes the forms of filomentus up to 50

µm in length are found.

• Unlike C.perfiringens, it is motile and does

not form a capsule.

• Spores are subterminal, sometimes central.



Clostridium septicum
cultural characteristics:

• It is obligate anaerobic.

• It grows under anaerobic conditions at 37-43ºC, pH 7.4-
7.6 in casein and meat-peptone media supplemented
with 0.5% glucose.

• On glucose-blood agar, it forms colonies surrounded by
a delicate zone of hemolysis, reminiscent of "woven
threads".

• In the depth of the sugar agar column, they form
colonies with a compact center with a fringe around the
edges.

• When it develops in liquid nutrient media (Kitt-Tarozzi,
Wilson-Blair), turbidity is observed along with the
formation of gas, and then sedimentation.

Clostridium septicum
glucose-blood agar



Clostridium septicum
virulence factors:

• C.septicum secretes 4 exotoxins with lethal, necrotic and

hemolytic effects, denoted by Greek letters:

• α -toxin (lecithinase)

• β-toxin (DNA-ase)

• γ-toxin (hyaluronidase)

• δ-toxin (oxygen-sensitive hemolysin)



Clostridium histolyticum - "tissue-dissolving bacillus" 
morpho-biological characteristics: 

• It is a Gram-positive rod-shaped bacterium

measuring 2-3x0.5-1.0 µm. They are found in

pairs or in chains.

• Unlike C.perfiringens, it is motile and does

not form a capsule.

• Spores are located in the subterminal

position. Clostridium histolyticum



Clostridium histolyticum
cultural characteristics:

• It is an aerotolerant anaerobe.

• It develops in anaerobic conditions in casen and
meat-peptone environments.

• On blood agar, it forms transparent, convex, shiny
colonies with a diameter of 0.5-1 mm, surrounded by
a delicate zone of hemolysis.

• In the depth of the sugar agar column, it forms pea-
like or fringed colonies with a compact center.

• As a result of proteolysis of pieces of meat and liver
in the Kitt-Tarozzi medium, it causes complete
turbidity of the medium. Clostridium histolyticum

Blood agar



Clostridium histolyticum
virulence factors:

• C.histolyticum synthesizes a lethal, necrotic and hemolytic toxin with high

biological activity:

• α -toxin (lecithinase)

• β-toxin (collagenase)

• γ-toxin (proteinase)

• δ-toxin (elastase)

• ε-toxin (oxygen-sensitive hemolysin, similar to streptococcal O-streptolysin)



Clostridium sordellii 
morpho-biological and cultural characteristics: :

• It is a Gram positive 2-4x0.6-1.0 µm, motile rod-shaped

bacterium.

• It is a facultative anaerob.

• After 1-2 days of incubation in blood-sugar agar, they form

convex, grayish colonies with rough edges.

• Causes hemolysis in blood agar.

• Development in liquid nutrient media (Kitt-Tarozzi,

Wilson-Blair) is accompanied by the formation of mucus.

Clostridium sordellii
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