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Anaerobic organism 

• An anaerobic organism or anaerobe is any organism 
that does not require oxygen for growth. It could possibly 
react negatively and may even die if oxygen is present.  
 

There are three types: 
• obligate anaerobes, which cannot use oxygen for growth 

and are even harmed by it 
• aerotolerant organisms, which cannot use oxygen for 

growth, but tolerate the presence of it  
• facultative anaerobes, which can grow without oxygen 

but can utilize oxygen if it is present 
  

 



1: Obligate aerobic (oxygen-needing) bacteria gather at the top of the test tube in order 
to absorb maximal amount of oxygen. 
2: Obligate anaerobic bacteria gather at the bottom to avoid oxygen. 
3: Facultative bacteria gather mostly at the top, since aerobic respiration is the most 
beneficial one; but, as lack of oxygen does not hurt them, they can be found all along 
the test tube. 
4: Microaerophiles gather at the upper part of the test tube but not at the top. They 
require oxygen but at a low concentration. 
5: Aerotolerant bacteria are not affected at all by oxygen, and they are evenly spread 
along the test tube. 



 
• no oxidative phosphorylation 
• fermentation 
• killed by oxygen 
• lack certain enzymes 

– catalase  
* H2O2     H20 + O2 

– peroxidase  
* H2O2    H20 /NAD to NADH 

  

Obligate (strict) anaerobes 

Instead of oxygen, obligate anaerobes use alternate 
electron acceptors for cellular respiration such as sulfate, 
nitrate, iron, manganese, mercury, and carbon monoxide. 



Why strict anaerobes are sensitive to oxygen? 

• Dissolved oxygen increases the redox potential of a solution, and 

high redox potential inhibits the growth of some strict anaerobes. For 

example, methanogens grow at a redox potential lower than -0.3 V. 

• Sulfide is an essential component of some enzymes, and molecular 

oxygen oxidizes this to form disulfide, thus inactivating certain 

enzymes. Organisms may not be able to grow without these 

deactivated enzymes. 

• Growth may be inhibited due to a lack of reducing equivalents for 

biosynthesis, because electrons are exhausted in reducing oxygen. 

 



Spore-forming:  rod, Gram (+)--- Clostridium 
Nonspore-forming: 

Rod, Gram (+) Propionibacterium 
Bifidobacterium                                                          

Lactobacillus      
Eubacterium 
 Actinomyces 

Rod, Gram (-) Bacteroides                                                      
Fusobacterium                                                          
Campylobacter 

Cocci, Gram (+) Peptococcus                                                 
Peptostreptococcus 

Cocci, Gram (-) Veillonella 

Category 



Bacterial Flora of the Body 
Site   Total Bacteria  Ratio 
    (per/ml or gm)  Anaerobes:Aerobes 
 
Upper Airway 
 Nasal Washings 103-104   3-5:1 
 Saliva  108-109   1:1 
 Tooth Surface               1010-1011                 1:1 
 Gingival Crevice 1011-1012  1000:1        
  
Gastrointestinal Tract 
 Stomach    102-105   1:1 
 Small Bowel  102-104   1:1 
 Ileum                104-107   1:1 
 Colon  1011-1012  1000:1 
  
Female Genital Tract  
 Endocervix  108-109   3-5:1 
 Vagina  108-109   3-5:1   



• Enterobacteriaceae (facultative anaerobes)  

– a normal part of the gut flora 

– play important roles in nutrient assimilation 

 

• Strict anaerobes   

– opportunistic pathogens 
 



Infection caused by strict anaerobes 
• Sites throughout body  
• Muscle, cutaneous/sub-cutaneous necrosis 
• Abscesses  



Polymicrobial nature 

• Most anaerobic infections are associated with 
contamination of tissue by normal flora of the mucosa of 
the mouth, pharynx, gastrointestinal tract, or genital tract. 

 
• Typically, multiple species are found, including both 

obligate and facultative anaerobes. 
  
• Aerobic bacteria may also be present, but obligate 

aerobes are much less common than anaerobes and 
facultative anaerobes.   



General diagnosis of anaerobic infections 

1. Foul-smelling discharge (due to short-chain fatty-acid 
products of anaerobic metabolism) 

2. Infection in proximity to a mucosal surface (anaerobes 
are part of the normal flora) 

3. Gas in tissues (production of CO2 and H2) 
4. Negative aerobic cultures 
 
Besides, colony morphology, pigmentation, and 

metabolism are helpful in identifying anaerobes. 



The clostridia in human infections 

opportunistic pathogens 
--- some of the deadliest diseases 
• Botulism  
• tetanus  
• gas gangrene  
 
--- less life-threatening diseases 
• food poisoning  
• pseudomembranous colitis 
 



Clostridum botulinum: Botulism 

• C. botulism exists in soil, the spores find their way into 
preserved or canned foods with low oxygen levels, and 
nutrients that support growth. Germinate and elaborate 
the toxins as growth and lysis occur.  

© microbiologybytes.com 

• a Gram-positive, rod shaped 
bacterium that produces 
neurotoxins known as botulinum 
neurotoxins types A-G, which 
causes flaccid muscular 
paralysis seen in botulism 
 

• an anaerobic spore-former, 
which produces oval, 
subterminal endospores 



Botulism, Toxin 
• Types of C. botulinum are distinguished by the antigenic 

type of toxin they produce. Spores of the organism are 

highly resistant to heat, withstanding 100 ℃ for several 

hours, Heat resistance is diminished at acid pH or high 

salt concentration.  

• causes muscular paralysis 

A 14-year-old with botulism 





    Mechanism of botulism toxin 



Botox 

     a neurotoxin (trade name 

Botox) that is used clinically in 

small quantities to treat 

strabismus and facial spasms 

and other neurological 

disorders characterized by 

abnormal muscle contractions; 

is also used by cosmetic 

surgeons to smooth frown lines 

temporarily © urbanretreat.com 



Pathogenesis 

• The most common offenders are spiced, smoked, 
vacuum-packed, or canned alkaline foods that are eaten 
without cooking. In such foods, spores of C. botulinum 
germinate; under anaerobic conditions, vegetative forms 
grow and produce toxin.  
 

• In infant botulism, honey is the most frequent vehicle of 
infection.   
 

• The vegetative cells produce toxin as they multiply; the 
neurotoxin then gets absorbed into the bloodstream. 



Clinical findings 
• Symptoms begin 18-24 hours after ingestion of the toxic 

food, with visual disturbances (incoordination of eye 
muscles, double vision), inability to swallow, and speech 
difficulty; signs of bulbar paralysis are progressive, and 
death occurs from respiratory paralysis or cardiac arrest. 

  
• Gastrointestinal symptoms are not regularly prominent. 

There is no fever. The mortality rate is high. Patients 
who recover do not develop anti-toxin in the blood. 

 
• Infant botulism may be one of the causes of sudden 

infant death syndrome. C. botulinum and botulinum toxin 
are found in feces but not in serum. 



Diagnostic laboratory tests 

• Toxin can often be demonstrated in serum from the patient, 
and toxin may be found in leftover food. 
 

• In infant botulism, C. botulinum and toxin can be 
demonstrated in bowel contents but not in serum.  
 

• Toxin may be demonstrated by passive hemagglutination 
or radioimmunoassay. 

 



Treatment 

• Botulinum neurotoxins are the most potent toxins known 

but can be neutralized by specific antibodies. 

• Potent antitoxins to three types of botulinum toxins, 

trivalent (A, B, E). Antitoxin must be promptly 

administered intravenously with customary precautions.  

• Adequate ventilation must be maintained by mechanical 

respirator, if necessary.  

• These measures have reduced the mortality rate from 

65% to below 25%. 

 



Epidemiology, prevention and control 

• Since spores of C. botulinum are widely distributed in 
soil, they often contaminate vegetables, fruits, and other 
materials.  

• Strict regulation of commercial canning has largely 
overcome the danger of widespread outbreaks. The risk 
from home-canned foods can be reduced if the food is 
boiled for more than 20 minutes before consumption. 

• Toxoids are used for active immunization of cattle in 
South Africa.  

• Botulinum toxin is considered to be a major agent for 
bioterrorism and biological warfare.   



C. tetani 

Growth on Cooked Meat Medium (left) 

Biological traits 



Pathogenesis of C. tetani 

• causes tetanus 
• not invasive, strictly localized 
• Major toxins 
        tetanospasmin（破伤风痉挛毒素) 
         tetanolysin     （破伤风溶血毒素) 
     



Tetanospasmin 

• a strong neurotoxin, the lethal dosage to human is less 

than 1μg 

• Tetanus toxin spreads through tissue spaces into the 

lymphatic and vascular systems. It enters the nervous 

system at the neuromuscular junctions and migrates 

through nerve trunks and into the central nervous system.  

• Sensitive to heat，ineffective after 65℃, 30min 

 



    Mechanism of Tetanospasmin 





Typical symptoms 

The name “tetani ” derives from 
 "of a tension", referring to the tension  
(caused by tetanus) in the muscles. 
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Diagnosis 

• Rests on the clinical picture and a history of injury: (1) Infection 

generally occurs through wound contamination and often involves a 

cut or deep puncture wound;  (2) As the infection progresses, 

muscle spasms develop in the jaw (thus the name “lockjaw”) and 

elsewhere in the body. 

• The primary differential diagnosis of tetanus is strychnine poisoning. 

• ！Neither preventive nor therapeutic use of antitoxin should be 

withheld pending demonstration of C. tetani existence. 

 



Immunity & Prevention 

• ！The toxin (tetanospasmin) bind to the neurons is 
irreversible. 

• Control measures are not possible because of the wide 
dissemination of the organism in the soil and the long 
survival of its spores. 

• Tetanus can be prevented by vaccination with tetanus 
toxoid. A combined vaccine, DPT vaccine, which 
includes vaccines against diphtheria, pertussis, and 
tetanus. 

• The US-CDC recommends that adults receive a booster 
vaccine every ten years 



Treatment 

 

• Dead and infected tissue should be removed by surgical 

debridement. 

 

• Prophylactic use of antitoxin, tetanus antitoxin, TAT 

 

• Antibiotics: metronidazole, penicillin 

 
 
 



C. perfingens  
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• a common cause of food poisoning 
 
• Illness results when a large 
number of bacteria are consumed, 
usually from a food that has 
remained between 4oC and 60oC for 
an extended period of time. 
 
• The bacteria sporulate in the 
person’s intestines and release a 
toxin which results in symptoms.  
 
•The spores survive extremely harsh 
conditions, including boiling for over 
an hour. 



Where is C. perfringens found? 

• The bacteria are not routinely 
passed directly between people, 
but rather through cross-
contamination of foods. C. 
perfringens is anaerobic meaning it 
grows without oxygen, thereby 
making thick soups, gravies and 
pies an ideal environment for 
growth. 

  
• C. perfringens is widely distributed 

in the environment. Healthy 
animals and humans can harbour 
this bacterium in their intestines. 
Spores can also be found in soil, 
dust and vegetation. 
 



• (lactose)  high gas (H2 and CO2) 
production,   
                  stormy fermentation 
 

•                     α, β hemolysis  

Nagler's reaction, α-toxin 



C. perfringens, Toxin 

• An enterotoxin of C. perfringens is a common cause of food 

poisoning. When more than 108 vegetative cells are ingested and 

sporulate in the gut, enterotoxin is formed. 

• Many of these toxins have lethal, necrotizing, and hemolytic 

properties.  

• The α-toxin of C. perfringens type A is a lecithinase. 

• The action of C. perfringens enterotoxin involves marked 

hypersecretion in the jejunum and ileum, with lost of fluids and 

electrolytes in diarrhea. Much less frequent symptoms include 

nausea, vomiting, and fever. 

 



Pathogenesis 

• A mixed infection is the rule. In addition to the toxigenic 
clostridia, proteolytic clostridia and various cocci and 
gram-negative organisms are also usually present. 
 

• Clostridial bacteremia is a frequent occurrence in 
patients with neoplasms.  
 

• In New Guinea, C. perfringens type C produces a 
necrotizing enteritis (pigbel) that can be highly fatal in 
children. Immunization with type C toxoid appears to 
have preventive value. 



Gas gangrene 

 
• Occurs when a soft tissue 

wound is contaminated by 
C. perfringens, as occurs in 
trauma, septic abortion, and 
war wounds. Could be fatal. 
 

© adoptamicrobe.blogspot.com 





Clinical findings 
• From a contaminated wound, the infection spreads in 1-3 

days to produce crepitation in the subcutaneous tissue 
and muscle, foul-smelling discharge, rapidly progressing 
necrosis, fever, hemolysis, toxemia, shock, and death. 

 
• C. perfringens food poisoning usually follows the 

ingestion of large numbers of clostridia that have grown 
in warmed meat dishes. The toxin forms when the 
organisms sporulate in the gut, with the onset of diarrhea 
–usually without vomitting or fever--- in 6-18 hours. The 
illness lasts only 1- 2 days. 

  
 



Diagnostic laboratory tests 

• Specimens consist of material from wounds, pus, and 
tissue. The presence of large gram-positive rods in Gram-
stained smears suggests gas gangrene clostridia; spores 
are not regularly present. 

• A clot torn by gas in 24 hours is suggestive of C. 
perfringens. Once pure cultures have been obtained, could 
be identified by biochemical reactions, hemolysis, and 
colony form.   

• Lecithinase activity is evaluated by the precipitate formed 
around colonies on egg yolk media. Final identification 
rests on toxin production and neutralization by specific 
antitoxin. 



Treatment 

• Most importantly, prompt and extensive surgical 
debridement of the involved area and excision of all 
devitalized tissue, in which the organisms are prone to 
grow.  

• Administration of antimicrobial drugs, particularly penicillin, 
is begun at the same time.  

• Hyperbaric oxygen may be of help in the medical 
management of clostridial tissue infections, It is said to 
“detoxify” patients rapidly.  

• Antitoxins are available, usually in the form of 
concentrated immune globulins. There is limited evidence 
for its efficacy. 



Pseudomembranous colitis 

• Clostridum difficile  
     Clostridia are anaerobic, spore-forming rods (bacilli). C. difficile is the 

most serious cause of antibiotic-associated diarrhea (AAD) and can lead 
to pseudomembranous colitis, a severe infection of the colon, often 
resulting from eradication of the normal gut flora by antibiotics. 

     (H&E stain) 



C. difficile  

relatively resistant to most commonly used 
antibiotics.  

--- Associated with or following antibiotic use, the 
normal gastrointestinal flora is suppressed and 
C. difficile proliferates, producing cytopathic 
toxin and enterotoxin. 

--- The diagnosis is made by demonstrating 
neutralizable cytotoxin in the stool.   
 



C. difficile, toxin & clinical findings 

• Administration of antibiotics results in proliferation of 
drug-resistant C. difficile that produces two toxins.  

 
• Toxin A, a potent enterotoxin that also has some 

cytotoxic activity, binds to the brush border 
membranes of the gut at receptor sites. Toxin B is a 
potent cytotoxin. 

 
• Both toxins are found in the stools of patients with 

pseudomembranous colitis.   
 



Diagnostic laboratory tests 

• Cytotoxicity assay 
     C. difficile toxins have a cytopathic effect in cell culture, and neutralized with specific 

anti-sera is the practical gold standard for studies investigating new diagnostic 
techniques. 

• Toxin ELISA 
     Assessment of the A and B toxins by ELISA for toxin A or B (or both) has a sensitivity of 

63–99% and a specificity of 93–100%. 

• Other stool tests 
     Stool leukocyte measurements and stool lactoferrin levels have also been proposed as 

diagnostic tests, but may have limited diagnostic accuracy. 

• Real-Time PCR 
     By the end of 2009, 3 different Real-Time PCR tests had achieved 510(k) clearance from 

the FDA. For each test, sensitivities are generally reported as 95-99% and specificities 
as 92-96%, depending on the tests and the size of the patient pool. 

 



Treatment 

• Asymptomatic colonization with C. difficile is common. Mild cases 
generally do not require specific treatment. 

 
• Patients should be treated as soon as possible when the diagnosis 

of Clostridium difficile colitis is made to avoid frank sepsis or bowel 
perforation.  
 

• To reduce complications, physicians often begin treatment based on 
clinical presentation before definitive results are available.  
 

• Knowledge of the local epidemiology of intestinal flora of a particular 
institution can guide therapy. In addition, oral rehydration therapy is 
useful in retaining fluids during the duration of diarrhoea. 

 



Prevention and control 

• The most effective method is proper antimicrobial prescribing. 
 
• Infection control measures, such as wearing gloves when caring for 

patients, have been proven to be effective at prevention. This works by 
limiting the spread of C. difficile in the hospital setting. In addition, washing 
with soap and water will eliminate the spores from contaminated hands, but 
alcohol-based hand rubs are ineffective. 

 
• Bacteriotherapy? Treatment with various oral supplements containing live 

bacteria has been studied in efforts to prevent C. difficile-associated 
infection/disease. A randomized controlled trial using a probiotic drink 
containing Lactobacillus casei, L bulgaricus, and Streptococcus salivarius 
subsp. thermophilus was reported to have some efficacy.  



Spore-forming:  rod, Gram (+)--- Clostridium 
Nonspore-forming: 

Rod, Gram (+) Propionibacterium 
Bifidobacterium                                                          

Lactobacillus      
Eubacterium 
 Actinomyces 

Rod, Gram (-) Bacteroides                                                      
Fusobacterium                                                          
Campylobacter 

Cocci, Gram (+) Peptococcus                                                 
Peptostreptococcus 

Cocci, Gram (-) Veillonella 

Category 



Bifidobacterium, a Gram+ non-spore-forming anaerobe 

• non-motile, often branched bacillus 
• endosymbiotic inhabitants of the gastrointestinal tract, vagina and 

mouth (B. dentium) 
• one of the major genera of bacteria that make up the colon flora 
• Some bifidobacteria are used as probiotics  

B. adolescentis to treat constipation, diarrhea 



Bacteroides fragilis, a Gram- non-spore-forming 
anaerobe 

•  bacillus bacteria     
•  could cause infections after abdominal surgery 
   
   
• Prominent capsule 
  anti-phagocytic 
  abscess formation 

   
•Endotoxin  
 low toxicity       

 



• Epidemiology 
Normal flora of mouth, URT, intestinal tract, 

urogenital tract 
 

• Pathogenicity (opportunistic pathogen) 
Wounds, abscesses in body sites below 

the diaphragm 
Bacteremia (败血症) 

 
 

B. fragilis 



B. fragilis 

• Pale staining, pleomorphic rod with rounded 
ends; safety pin appearance 

• Look for growth on BBE, see esculin hydrolysis 
around the colony, white precipitation 

• Can use antibiotic disk, GLC for identification 
 

Lab Diagnosis 



Review: Problems in identification of  
anaerobic infections 

• air in sample (sampling, transportation) 
– no growth 

 
• identification takes several days or longer 

– limiting usefulness 
 

• often derived from normal flora  
– sample contamination can confuse  



Review: Characteristics of Anaerobic Infections 

1. Most anaerobes are usually commensals 
– Originate from our own flora 
– Bad guys do exist 

2. Predisposing Conditions 
– Breeches in the mucocutaneous barrier  

• displace normal flora 
– Compromised vascular supply  
– Trauma with tissue destruction  
– Antecedent infection   



Review: Characteristics of Anaerobic Infections 

3. Complex Flora 
• Multiple species 

– Abdominal Infection  Avg of 5 
species 

– Less complex then normal flora 
– Fecal flora 400 different species  

• Those predominant in stool 
are not infecting species  

–  Veillonella, 
Bifidobacterium  

 rarely pathogenic 
– Species uniquely suited to cause 

infection predominate 

4. Synergistic Mixture of 
Aerobes & Anaerobes  

• E. coli  Consume O2 

– Allow growth  of 
anaerobes 

• Anaerobes  promote 
growth of other bacteria by 
being antiphagocytic and 
producing β-lactamases 



Review: Other common virulence factors 

1. Anti-phagocytic capsule 
– Also promote abscess formation 

2. Tissue destructive enzymes 
– B. fragilis produces variety of enzymes (lipases, 

proteases, collagenases) that destroy tissue  
Abscess Formation 

3. Beta-lactamase production 
– B. fragilis – protect themselves and other species 

in mixed infections 
4. Superoxide dismutase production 

– Protects bacteria from toxic O2 radicals as they 
move out of usual niche 



Translation of Key terms  

• Anaerobic bacteria                                厌氧性细菌 
• Clostridium                                            厌氧芽孢梭菌属 
• C. tetani                                                  破伤风梭菌 
• Tetanospasmin                                     破伤风痉挛毒素 
• Tetani antitoxin , TAT                           破伤风抗毒素 
• C. perfringens                                        产气荚膜梭菌 
• Nagler reaction                                      卵磷脂酶试验 
• Stormy fermentation                             汹涌发酵 
• Gas gangrene                                        气性坏疽 

 



Translation of Key terms  

• C. botulinum                                           肉毒梭菌 
• C. difficile                                                艰难梭菌 
• Bacteroides                                             类杆菌属 
• B. fragilis                                               脆弱类杆菌 
• Bifidobacterium                                    双歧杆菌属 



Review Questions 

1. What clues/symptoms are considered as possible 

anaerobic Infection(s)? 

2. What is the general principle on treatment of anaerobic 

infection(s)? 

3.  Select one bacterium covered in this lecture, summarize 

the related knowledge you have learned. 

4.  Refer to other review questions in the book chapter.  
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