
Clostridium  



General features  
• Large, Gram-positive rods 

• Endospores produced 

• Anaerobic, catalase- and oxidase-negative 

• Motile (except C, perfringens) 

• Enriched media required for growth 

• Colonies of C. perfringens surrounded by zones of double haemolysis 

• Present in soil, in alimentary tracts of animals and in faeces 

• Pathogens can be grouped according to the mode and sites of action of their potent 
exotoxins: 

• -neurotoxic clostridia: Cl.tetani, Cl. botulinum 

• -histotoxic clostridia : Cl. Chauvoei, C. septicum, Cl. novyi, A& B, Cl.perfringens A, 

Cl.hemolytiocum 

• Enteropathogenic and enterotoxaemia producing Clostridia: Cl.perfringens type A-E 

• Produce diverse forms of disease in many animal species 



Genus Clostridium 
Obligate Anaerobes 

Consists of large Gram 
positive rod shaped. 

Arranged in pairs or short 
chains with rounded 
pointed ends. 

Have a variable 
response on gram stain 

All species form 
endospores and have a 
fermentative type of 
metabolism 



Genus Clostridium 
Live in all of the anaerobic habitats : 

                                     soil  

                                     aquatic sediments   

                                     intestinal tracts of animals 

Ferment a wide variety of organic compounds 

Produce end products: butyric acid 

                                         acetic acid 

                                         butanol 

                                         acetone 

Most clostridia are saprophytes and a few are 
pathogenic. 

 



Genus Clostridium 
Have three important qualities: 

    1. Multiply only in the absence of oxygen 

    2. Have the ability to survive adverse   

        conditions  

    3. Release potent toxins during process of 

        multiplying 

 



Spores 

 Clostridium form endospores under adverse 

environmental conditions 

 Spores are a survival mechanism 

 Spores are characterized on the basis of position, 

size and shape 

 Most Clostridium spp., including C. perfringens 

and C. botulinum, have ovoid subterminal 

(OST) spores 

 C. tetani have round terminal (RT) spores 

 



Clostridia of medical 
importance 

Clostridium 

Causing 

Tetanus 

e.g. Cl. tetani 
Gas gangrene 

Botulism 

e.g. Cl. botulinum 

Saccharolytic 
e.g. Cl. perfringens &Cl. septicum 

Proteolytic 
e.g. Cl. sporogenes 

  ِ Antibiotic associated diarrhea 

e.g. Cl. difficille 

Mixed: Cl. histolyticum 



Nomenclature changes of some Clostridium spccics 

 
• Present name                                                            Former name 

• Clostridium perfringens                                     Clostridium welchii 

• Ciostridium argentiense                              Clostridium botulinum type G 

• Clostridium haemolyticum                               Clostridium novyi ty pe D 

• Clostridium novyi                                               Clostridium oedematiens 

• Clostridium piliforme                                               Bacillus piliformis 



















Clostridium tetani 
• Causative agent of tetanus 

• Found in soil, intestinal tracts, and feces of animals. 

• Potent neurotoxin (tetanus toxin) 

• Result : small puncture wound 

                  becomes contaminated with C.  tetani 

spores 

                  migrates along neural paths from local 

wound 

                   



C. tetani 



Toxins 
• Cl. tetani produces two types of toxins: 

• Tetanolysin, which causes lysis of RBCs 

• Tetanospasmin is neurotoxin and essential 

pathogenic product  

o Tetanospasmin is toxic to humans and various 

animals when injected parenterally, but it is 

not toxic by the oral route 

o Tetanospasmin which causes increasing 

excitability of spinal cord neurons and muscle 

spasm  



Laboratory Diagnosis of Tetanus 
• The diagnosis of tetanus depends primarily 

upon the clinical manifestation of tetanus 
including muscle spasm and rigidity. 

• Specimen: Wound exudates using capillary 
tube 

• Culture:  
o On blood agar and incubated anaerobically 

o Growth appears as a fine spreading film. 

• Gram stain is a good method for identifying 
Clostridium 
o Cl. tetani is Gram positive rod motile with a round 

terminal spore giving a drumstick appearance  



Clostridium botulinum 

Used to be a major problem 

Spores are not killed by boiling, survive 

inadequate pressure sterilization 

 

Spores germinate in food, vegetative 

cells  produce toxins. 

Toxins are considered the most lethal to 

man 

 

8 types of botulinum toxin designated 

by letters: 

 

         Humans- A, B , E and F 

         Cattle and poultry : B, C, and D 



C. botulinum — agent of botulism, a rare, but severe (lethal) neuroparalytic disease 
 

Morphology and Physiology 
•  heterogeneous group of fastidious, strictly anaerobic bacilli 
•  motile by peritrichous flagella 
•  heat-resistant spores (ovoid, subterminal) 
•  proteolytic and non-proteolytic 

 

Antigenic Structure 
•  species divided into four groups (I-IV) based on type of toxin produced and proteolytic activity 
•  seven antigenically distinct botulinum toxins (types A to G) 
•  somatic antigens - heat stable and heat labile; spore antigens - more specific 

 

Pathogenicity Determinants 
•  lethal foodbome intoxication with toxin types A,B,E,or F; shorter incubation period, poor prognosis 
•  phage-mediated, systemic-acting A-B neurotoxin (botulinum toxin = botulin) released at cell lysis 
 Mode of Action - one of most extremely potent neurotoxins known 

(1 ng of purified toxin contains about 200,000 minimal lethal doses (MLDs) for a 20g mouse) 
• A-B toxin ingested, binds specific receptors on peripheral cholinergic nerve endings 

(neuromuscular junctions) where it blocks release of presynaptic acetylcholine 
(excitatory neurotransmitter) blocking muscle stimulation & resulting in flaccid paralysis 

•  Early: nausea, vomiting, weakness, lassitude (lack of energy), dizziness, constipation 
•  Later: double vision, difficulty in swallowing and speaking 
•  Final: death due to respiratory paralysis 

 

Lab Identification 
•  microscopic detection or Cx (culture) are often unsuccessful (few organisms and slow growing) 
•  toxin detected and typed in lab via toxicity and antitoxin neutralization tests in mice or by ELISA 

 

Diagnosis/Treatment/Prevention 
•  crucial to rapidly diagnose (symptoms often confusing); note the type of botulinum toxin involved 
• Tx (treatment) should be administered as quickly as possible on basis of clinical Dx (diagnosis) 
 ventilatory support & trivalent (A, B, E) antitoxin (polyvalent) binds free toxin in bloodstream 
 administer gastric lavage & metronidazole or penicillin eliminates organisms from Gl tract 
 care in home canning and in heating of home-canned food; toxoid is available 



Mechanism of Action 

of Botulinum Toxin 



Clostridium Causing Gas Gangrene 

Clostridia causing gas gangrene 

Saccharolytic organisms  
Cl. perfringens, Cl. septicum 

Ferment carbohydrates 

Acid and gas are produced 

Proteolytic organisms  
Cl. sporogenes 

Digest proteins with blackening 

bad smell production 

Mixed saccharolytic & proteolytic 
Cl. histolyticum 



Clostridium perfringens 
• Large Gram-positive bacilli with stubby ends  

• Capsulated 

• Non motile (Cl. tetani is motile) 

• Anaerobic 

• Grown quickly on selective media  

• Can be identified by Nagler reaction  



 

Clostridium perfringens — histotoxic or enterotoxigenic infections 
 

Morphology and Physiology 
•  large, rectangular bacilli (rod) staining gram-positive 
• spores rarely seen in vitro or in clinical specimens (ovoid, subterminal) 
•  non-motile, but rapid spreading growth on blood agar mimics growth of motile organisms 
•  aerotolerant, especially on media supplemented with blood 
• grow at temperature of 20-50°C (optimum 45°C) and pH of 5.5-8.0 

 

Pathogenicity Determinants (note that toxins include both cytolytic enzymes and bipartite exotoxins) 

•  four major lethal toxins (alpha (), beta (), epsilon (), and iota () toxins) and an enterotoxin 

•  six minor toxins (delta(), theta(), kappa(), lambda(), mu(), nu()toxins) & neuraminadase 
•  C. perfringens subdivided into five types (A-E) on basis of production of major lethal toxins 
•  C. perfringens Type A (only major lethal toxin is alpha toxin) responsible for histotoxic and 

enterotoxigenic infections in humans; Type C causes necrotizing enteritis (not in U.S.) 
 

Lab Identification 
•  direct smear and Gram stain, capsules upon direct examination of wound smears 
•  culture takes advantage of rapid growth in chopped meat media at 45° C to enrich and then 

isolate onto blood agar streak plate after four to six hours 
• gas from glucose fermentation 
•  in vivo toxicity testing and identification of the specific toxin types involved 
• double zone of hemolysis on blood agar (p-hemolytic theta(e) toxin, a-hemolytic alpha(oc) toxin) 
•  Nagler rxn; precipitation in serum or egg yolk media; oc -toxin (phospholipase C) is a lecithinase 
• "stormy" fermentation (coagulaltion) of milk due to large amounts of acid and gas from lactose 

 

Diagnosis/Treatment of systemic infection — Early diagnosis and aggressive treatment essential 
•  removal of necrotic tissue (surgical debridement) 
•  Penicillin G in high doses if more serious infection 

Of poorly defined clinical value are: 
•  administration of antitoxin 
•  hyperbaric oxygen (dive chamber) adjunct therapy (??inhibit growth of anaerobe??) 



Micro & Macroscopic C. perfringens 

NOTE: Large rectangular       

gram-positive bacilli 

Inner beta-hemolysis = θ toxin 

Outer alpha-hemolysis = α toxin 

NOTE: Double zone of hemolysis 



Toxins 
• The toxins of Cl. perfringens  

o  toxin (phospholipase C, lecithinase) is the most 

important toxin 

• Lyses of RBCs, platelets, leucocytes and endothelial 
cells 

• Increased vascular permeability with massive hemolysis 

and bleeding tissue destruction 

• Hepatic toxicity and myocardial dysfunction 

o -toxin is responsible for necrotic lesions in 

necrotizing enterocolitis 

o Enterotoxin is heat labile toxin produced in colon 

→ food poisoning 

 

 



C. perfringens Virulence Factors 
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Laboratory Diagnosis 
 Specimen: Histological specimen or wound exudates 

 Histological specimen transferred aseptically into a sterile 
screw-capped bottle & used immediately for microscopical 
examination & culture  

 Specimens of exudates should be taken from the deeper areas 
of the wound where the infection seems to be most 
pronounced  

 Microscopical examination (Gram, Spore stain etc) 
 Gram-positive bacilli, non motile, capsulated & sporulated  

 The spore is oval, sub-terminal & non bulging 

 Spores are rarely observed 

 Culture: Anaerobically at 37C 
 On Robertson's cooked meat medium → blackening of meat 

will observed with the production of H2S and NH3 

 On blood agar → β-hemolytic colonies  
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Biochemical Tests 

• Cl. perfringnes characterized by: 
 It ferments many carbohydrates with acid & gas 

 It acidified litmus milk with stormy clot production 

 Nagler reaction is positive 



Reaction on Litmus Milk 
Litmus Milk 

Skimmed Milk 

(Without Fat) 

Litmus indicator 

Acid Base and Redox indicator 
Lactose 

Sugar 
Casein 

Protein 

Contains 



Reaction on Litmus Milk 

   Lactose                                      Acid                     Pink Color  

   (Milk Sugar) 

Fermentation Litmus Indicator 

1- Acidic Reaction 

2- Basic Reaction 

   Casein                   Alkaline amines                           BlueColor  

   (Milk Protein) 

Digestion Litmus Indicator 



Reaction on Litmus Milk 
Stormy Clot Formation 

Fermentation 

Casein 

Milk Protein 

Coagulation 

Gas 

Clot 

Stormy Clot 

Milk Sugar 

Lactose Acid + 



Nagler’s Reaction  

• This test is done to detect the lecithinase 

activity 
o The M.O is inoculated on the medium containing human serum or egg 

yolk (contains lecithin) 

o The plate is incubated anaerobically at 37 C for 24 h 

o Colonies of Cl. perfringens are surrounded by zones of turbidity due to 

lecithinase activity and the effect is specifically inhibited if Cl. perfringens 

antiserum containing  antitoxin is present on the medium  

 



Nagler Reaction 

Positive Nagler Reaction 
Procedure of Nagler Reaction 



Anaerobic Cultivation 
• Removal of oxygen & replacing it with inert 

gas 
o Anaerobic Jar 

• It is especially plastic jar with a tightly fitted lid 

• Hydrogen is introduced from commercially 
available hydrogen generators envelop 

• 10 ml of water is added to envelop  immediately 
before placing it in the jar 

• Hydrogen and carbon dioxide will release and 
react with oxygen in the presence of catalyst to 
form water droplet 

• Anaerobic indicator (Methylene blue) is placed in 
the jar 

• Methylene blue is blue in oxidized state (Aerobic 
condition) while turns colorless in reduced state 
(Anaerobic condition)  

 

 



Anaerobic Cultivation 
• Culture Media containing reducing agent 

o Thioglycollate broth 

• It contains 

o Sodium thioglycollate (Reducing agent) 

o Rezazurin (redox indicator) 

o Low percentage of Agar-Agar to increase viscosity of medium 

o Cooked Meat Medium 

• It contains 

o Meat particles (prepared from heart muscles) which contain 
hematin & glutathione that act as reducing agent 



Growth on Fluid Thioglycolate  
Clostridium sporogenes 

Growing in Thioglycolate 

Medium  

Reducing agents in 

the medium absorb 

oxygen and allow 

obligate anaerobes 

to grow  







Reaction on Cooked Meat Medium 
• Saccharolytic reaction 

o It causes fermentation of glycogen of muscles 

o Production of acid and gas 

o Meat particles remain intact 

o e.g Cl. perfergines 

• Proteolytic Reaction 
o It causes digestion of meat particles 

o Formation of black, foul smelling due to sulfur compounds 



Gram Variability 







Surface structures of the spores 



Clostridial Diseases 
• During multiplication toxins are released, they can 

destroy: 

                               muscle tissue 

                               red blood cells 

                               interrupt nerve impulses 

Sites of disease into three groups: 

              -Tissue: histotoxic muscle liver group 

              -Gastrointestinal: enterotoxic gut group 

              -Nervous System: Neurotoxic 

Clostridia do not cause disease until tissue is 

damaged . 



Clostridium sordelli 
Gram positive 
 Anaerobic bacillus, resides on 

soil 
 Formed oval spores with 

smooth tubular appendages 
Colonizes gastrointestinal or 

genital tract of healthy 
humans. 

  -uncommonly found in surveys 
of stool and vaginal flora 

  -isolated from musculoskeletal 
tissue of 3% cadaver donors 

 Virulence and clinical 
manifestations determined by 
two exotoxins: 

                      Lethal Toxin 
             Hemorrhagic Toxin 
 
 
  



C. sordelli wound infections: 

• Myonecrosis 

• Tissue allograft infections 

• Nenonatal omphalitis 

• Postpartum endometritis 



C. sordelli Toxic Shock Syndrome 

 Acute onset and rapid progression 

 Low grade fever 

 Refractory tachycardia and hypotension 

 Leukemoid reaction 

 Hemoconcentration 

 High case fatality 



C. sordelli infection 



Clostridium septicum 

• Gas forming bacillus 

• Produces subterminal spores 

• Pathogenic 

• Occurrence of infection  caused by two or 
more species. 

• Source of infection is usually the 
contaminated wound containing devitalized 
tissue 

• The gas produce by the organism appears to 
remain limited on the area of metastasis and 
does not invade healthy tissue 

 

 



Clostridium difficile 
• Produces two toxins: 

                  Toxin A (causes fluid accumulation) 

                  Toxin B (harmful toxin) 

• Causes antibiotic – associated diarrhea (AAD) 

• Serious intestinal conditions 

• Found on individuals who require prolonged use of 

antibiotics. 

• People who undergo gastrointestinal surgery. 



C. difficile  growing in 

blood agar 



Antibiotic Associates 
colitis 

• Inflammation of the 

intestines due to 

antibiotics 



Clostridium perfringes 
• Produce many different toxins  

• Damage to tissues, blood cells, and blood vessels 

• Causes wound and surgical infections, and uterine 

infections. 

• Produces enterotoxin, cause food poisoning 

    Organism encountered improperly sterilized    

     foods in which endospores have germinated 



Clostridium perfringens 



Clostridium 
taeniosporum 

• Variable to gram stain 

• Is a saccharolytic 

• Produces acetic and butyric acid 
as fermentation products. 

• Have 12 large flat ribbon like 
appendages through a common 
trunk. 

• Appendages :  composed of 
fibrils 

                         4.5 um long 

                         0.5 um wide 

                         30 nm thick 

• Produces alpha D-glucosidase 
and N acetyl beta 
glucoseaminidase 

      

                              

 



Clostridium taeniosporum 
• Appendages consists: 

                                        80% protein 

                                        15% glucose 

                                                 rhamnose 

                                                 glucosamine 

                                           5% phosphorus 

• 4 proteins detected:  

            Paralogous pair P29a and P29b 

            GP85 Glycoprotein contains collagen like 

region 

            SpoVM spore morphogenetic protein        

      



C. taeniosporum endospore stain 





Cartoons illustrating the diversity of spore 

appendages. The 

coat is drawn as a light blue layer. 



Appendages 


